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•  Recueil	à	parXr	d’une	cohorte	
•  Corée	du	Sud	
•  Janv	2007	à	Déc	2012	
•  71	paXents	nécessitant	une	anXbiothérapie	
pour	infecXon	pulmonaire	à	Mycobacterium	
massiliense	
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TABLE 3 ] Treatment Outcomes ����

 4-week IV group (n = 28) 2-week IV group (n = 43) P value 

After 12 months of treatment 
Symptomatic improvement 
HRCT improvement 
Sputum culture conversion 

 
25 (89%) 
22 (79%) 
28 (100%) 

 
43 (100%) 
39 (91%) 
39 (91%) 

 
 .057 
 .177 
 .148 

Sputum culture conversion at the end of treatment 28 (100%) 42 (98%) 1.000 
Follow-up duration after treatment completion, months 33.8 (12.3-50.3) 14.7 (0.5-29.5)*  .006 
Microbiologic recurrence 2/28 (7%) 3/42 (7%)* 1.000 
Definition of abbreviations: HRCT = high-resolution computed tomography. ����

*One patient who did not achieve culture conversion until the end of antibiotic treatment was excluded. ����

Koh	WJ.	Chest	2016.doi:10.1016/j.chest.2016.05.003.	



Lung	foncBon	decline	according	to	clinical	
course	in	non-tuberculous	mycobacterial	lung	

disease	

•  Recueil	à	parXr	d’un	registre	de	cohorte,	Corée	du	Sud	
•  358	paXents	avec	MNT		
•  EFR	au	diagnosXc	et	≥	3	ans	plus	tard	(méd	5,6	ans)	
•  3	groupes:		
–  118	=	«	observaXon	»:	a/paucisymptomaXque	=	pas	de	
traitement		

–  68	=	«	échec	»	du	traitement:	pas	de	conversion	à	12	mois	
–  172	=	«	succès	»:	3	cultures	nég	dans	les	12	mois	

Park	HY	Chest	2016.	doi:10.1016/j.chest.2016.06.005		
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Table 2] Comparison of Lung Function According to Clinical Course of Nontuberculous Mycobacterial Lung Disease 463 
 Total 

(n = 358) 
Observation 

(n = 118) 
Treatment success 

(n = 172) 
Treatment failure 

(n = 68) P value 
Interval between baseline 
and last spirometry, years 

5.6 (4.4-7.4) 5.1 (3.8-6.5) 6.1 (4.8-7.7) 5.6 (4.3-7.6)  .001a 

Baseline spirometry 
FEV1, L 

  FEV1, % predicted 
  FVC, L 
  FVC, % predicted 
  FEV1/FVC 

 
2.16 (1.73-2.59) 

78 (67-89) 
2.91 (2.45-3.43) 

83 (73-92) 
75 (68-82) 

 
2.33 (1.78-2.72) 

83 (70-92) 
3.07 (2.55-3.64) 

85 (78-94) 
75 (67-81) 

 
2.10 (1.68-2.51) 

77 (65-88) 
2.81 (2.43-3.25) 

83 (73-92) 
75 (68-83) 

 
2.11 (1.77-2.77) 

77 (67-87) 
3.01 (2.43-3.56) 

80 (70-87) 
76 (68-82) 

 
.078 

  .012a,b 
 .016a 
 .015b 
.778 

Baseline spirometry pattern* 
  Normal 
  Obstructive 
  Restrictive 

 
182 (50.8) 
89 (24.9) 
87 (24.3) 

 
73 (61.9) 
26 (22.0) 
19 (16.1) 

 
78 (45.3) 
46 (26.7) 
48 (27.9) 

 
31 (45.6) 
17 (25.0) 
20 (29.4) 

 .045a 

Last spirometry 
  FEV1, L 
  FEV1, % predicted 
  FVC, L 
  FVC, % predicted 
  FEV1/FVC 

 
1.96 (1.50-2.37) 

76 (59-87) 
2.75 (2.18-3.24) 

81 (67-90) 
74 (65-78) 

 
2.13 (1.61-2.49) 

80 (69-92) 
2.95 (2.29-3.48) 

86 (75-93) 
73 (64-77) 

 
1.90 (1.51-2.29) 

74 (59-86) 
2.67 (2.16-3.07) 

81 (68-90) 
74 (66-80) 

 
1.91 (1.28-2.37) 

66 (52-82) 
2.58 (1.94-3.26) 

73 (53-86) 
74 (66-81) 

 
  .012a,b 

 < .001a,b,c 
  .002a,b 

 < .001a,b,c 
.475 

Last spirometry pattern* 
  Normal 
  Obstructive 
  Restrictive 

 
149 (41.6) 
104 (29.1) 
105 (29.3) 

 
64 (54.2) 
31 (26.3) 
23 (19.5) 

 
66 (38.4) 
51 (29.7) 
55 (32.0) 

 
19 (27.9) 
22 (32.4) 
27 (39.7) 

 .004a,b 

Changes in lung function 
FEV1 decline, mL/yr 
FEV1 decline ≤ -40 mL/yr 
FVC decline, mL/yr 
FVC decline ≤ -40 mL/yr 

 
-31.6 (-61.0 to -10.3) 

150 (41.9) 
-32.3 (-67.4 to 4.1) 

163 (45.5) 

 
-30.8 (-55.4 to -9.4) 

45 (38.1) 
-28.8 (-61.1 to 2.4) 

50 (42.4) 

 
-28.2 (-55.9 to -10.9) 

65 (37.8) 
-26.0 (-62.8 to 4.8) 

69 (40.1) 

 
-52.2 (-101.4 to -9.3) 

40 (58.8) 
-50.4 (-147.2 to -3.3) 

44 (64.7) 

 
.023c 

 .007b,c 
 .002b,c 
 .002b,c 

Use of bronchodilator during 
the follow-up period 31 (8.7) 6 (5.1) 14 (8.1) 11 (16.2)  .033b,c 
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Park	HY	Chest	2016.	doi:10.1016/j.chest.2016.06.005		



Randomized	trial	of	liposomal	amikacin	for	
inhalaBon	in	nontuberculous	mycobacterial	

lung	disease.	

•  Etude	de	phase	II,	randomisée,	extension	en	
ouvert.	19	centres	USA	

•  44	LAI	nébuliseur	eFlow®	590	mg	vs	45	pcb	(84j)	
•  ATB	préalable	≥	6	mois,	cultures	+	
•  StraXficaXon:	
–  	Muco/non	muco	
– M.	avium	complex	(64%)/	M	abscessus	(36%)	

•  Suivi	J84,	J168;	J28	et	1	an	post	traitement	
Olivier	KN.	AJRCCM	Oct	2016.	DOI	10.1164/rccm.201604-0700OC	



Randomized	trial	of	liposomal	amikacin	for	
inhalaBon	in	nontuberculous	mycobacterial	

lung	disease.	

Olivier	KN.	AJRCCM	Oct	2016.	DOI	10.1164/rccm.201604-0700OC	
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FIGURE LEGENDS 

Figure 1. Mean change from baseline on the semi-quantitative scale (SQS) for mycobacterial 

culture growth through end of the open-label phase (missing value equals failure; mITT 

population). The SQS is a mycobacterial culture reporting method expressed on a 7-step scale 

that utilizes outcomes ranging from no growth at 6 weeks (Step 1), growth in liquid media only 

(Step 2), agar-positive (1–49 colonies) (Step 3), 1+ (Step 4), 2+ (Step 5), 3+ (Step 6), and 4+ 

(Step 7). Change from baseline ranges from +6 (worsening) to −6 (improvement) steps. Death, 

regardless of cause, was considered a failure and is represented by a +7 step worsening.*All 

patients in the open-label phase received LAI. LAI = liposomal amikacin for inhalation; PBO = 

placebo; SD = standard deviation. 

 

Figure 2. Proportion of patients with negative sputum cultures for nontuberculous mycobacteria 

(NTM) in the double-blind phase (LOCF: mITT population). A greater proportion of patients 

achieved negative sputum cultures at day 84 on liposomal amikacin for inhalation (LAI) (32% 

[14/44]) versus placebo (9% [4/45]); P = 0.006). Mabs = Mycobacterium abscessus; MAC = 

Mycobacterium avium complex; mITT = modified intent-to-treat; PBO = placebo. 

 

Figure 3. Patients achieving culture conversion through end of the open-label phase. Of the 23 

patients who achieved culture conversion by the 28-day end-of-study follow-up visit, four (LAI, 

two patients; placebo, two patients) converted at baseline (day 1) prior to the administration of 

study drug. Nineteen patients achieved culture conversion after baseline (day 1), ten of whom 

were randomized to LAI in the double-blind phase and seven after entering the open-label phase 
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p=0,006.		

•  Récurrences	=	4	
•  1	seule	vraie	
rechute	(MAC)		

	



•  CMI	amikacine	>	64	μg/L:	5	
paXents	

•  1	Insuff	rénale	modérée	LAI	
(réversible)	

•  EI	sévères:	18,2%	LAI	vs	
8,9%	PCB	

•  1	décès	(pneumonie)	1ère	
phase,	1	décès	(sepsis	
urinaire)	2ème	phase.	

Randomized	trial	of	liposomal	amikacin	for	
inhalaBon	in	nontuberculous	mycobacterial	

lung	disease.	

Olivier	KN.	AJRCCM	Oct	2016.	DOI	10.1164/rccm.201604-0700OC	
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FIGURE LEGENDS 

Figure E1. Study design and treatment. CF = cystic fibrosis; LAI = liposomal amikacin for 

inhalation; MAC = Mycobacterium avium complex; Mabs = Mycobacterium abscessus. *2007 

American Thoracic Society and Infectious Diseases Society of America (ATS/IDSA) criteria 

with evidence of nodular bronchiectasis and/or fibrocavitary disease by chest computed 

tomography. ಳAt least two documented positive cultures in the previous 2 years, of which at least 

one was obtained during the 6 months prior to screening. Receiving ATS/IDSA guidelines-

based treatment for at least 6 months prior to screening with persistently positive cultures. 

iContinuing on ATS/IDSA guidelines-based therapy. 

 

Figure E2. Patient disposition. LAI = liposomal amikacin for inhalation; mITT = modified 

intent-to-treat; SOC = standard of care; SUSAR = suspected unexpected serious adverse 

reactions. 

 

Figure E3.Treatment-emergent adverse events (>5% frequency) during the double-blind phase 

(A) and open-label phase (B).*Adverse events during the double-blind phase are those with onset 

from the date of first dose of double-blind study drug, and adverse events during the open-label 

phase are those with onset from the date of first dose of open-label study drug, All patients in the 

open-label phase received LAI. LAI = liposomal amikacin for inhalation. 
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«	End	TB	strategy	2016-2035	»	

10  ::  GLOBAL TUBERCULOSIS REPORT 2016

 ■ the number of TB deaths per year;
 ■ the TB incidence rate per year; and
 ■ the percentage of TB-affected households that experi-

ence catastrophic costs as a result of TB disease.

The 2035 targets are a 95% reduction in TB deaths and 
a 90% reduction in the TB incidence rate, compared with 
levels in 2015. The 2030 targets are a 90% reduction in 
TB deaths and an 80% reduction in the TB incidence rate, 
compared with levels in 2015. The most immediate mile-
stones, set for 2020, are a 35% reduction in TB deaths and 
a 20% reduction in the TB incidence rate, compared with 
levels in 2015. The Stop TB Partnership has developed a 
Global Plan to End TB, 2016–2020,1 which focuses on the ac-
tions and funding needed to reach these 2020 milestones. 
More details about this plan are provided in Chapter 7.

For the third indicator (the percentage of TB-affected 
households that experience catastrophic costs as a result 
of TB disease), the milestone for 2020 is zero, to be sus-
tained thereafter. This indicator is a good tracer for pro-
gress towards UHC. If UHC is in place, then people with TB 
should be able to access high-quality diagnosis and treat-
ment with financial protection; that is, they should not face 
catastrophic costs. 

UHC is also fundamental to achieving the targets for 
reductions in TB cases and deaths, for two reasons. First, 
reaching the milestones for reductions in cases and deaths 
set for 2020 and 2025 requires the annual decline in the 
global TB incidence rate to accelerate from 1.5% per year 

1 The Global Plan to End TB, 2016–2020. Geneva: Stop TB Partnership; 
2015 (http://www.stoptb.org/global/plan/, accessed 28 July 2016).

:: FIG. 2.1 
Projected incidence and mortality curves that are required to reach End TB Strategy targets and milestones, 
2015–2035
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in 2015 to 4–5% per year by 2020, and then to 10% per 
year by 2025. A decline of 10% per year is equivalent to the 
best-ever performance at national level historically – for 
example, in countries in western Europe during the 1950s 
and 1960s. Declines of 10% per year have only been docu-
mented in the context of UHC (and of broader social and 
economic development). Second, the global proportion 
of people with TB who die from the disease (i.e. the CFR) 
needs to be reduced to 10% by 2020 and then to 6.5% by 
2025. A CFR of 6.5% is similar to the current level in many 
high-income countries but is only possible if all those with 
TB disease can access high-quality treatment. Analysis of 
CFRs across and within countries is included in Chapter 3.

After 2025, an unprecedented acceleration in the rate 
at which TB incidence falls globally is required if the 2030 
and 2035 targets are to be reached. Such an acceleration 
will depend on a technological breakthrough – for example, 
a post-exposure vaccine or a short, efficacious and safe 
treatment for latent TB infection (LTBI) – so that the risk 
of developing TB disease among the approximately 2–3 bil-
lion people who are already infected with Mycobacterium 
tuberculosis is substantially reduced. The trajectories of TB 
incidence and TB deaths that are required to reach End TB 
Strategy milestones and targets are shown in Fig. 2.1, and 
the latest status of the development pipelines for new di-
agnostics, drugs and vaccines is presented in Chapter 8. 

This report includes estimates of trends in TB incidence 
and mortality for the period 2000–2015 (Chapter 3). In 
contrast to previous global TB reports, estimates of TB 
prevalence are not shown for all countries. This is because 
(unlike the era of the MDGs and Stop TB Strategy) TB prev-

Tuberculose : chiffres clés de l’OMS 

 
13 millions de cas prévalents  
-> Prévalence TB = 42% moins importante qu’en 
1990  
9,6 millions de cas incidents incl. 0,48 million 
de MDR-TB 
MDR TB =  3.3% des nouveaux cas et 20% chez 
patients déjà traités  
9,7% des MDR TB = XDR TB 
Seulement 50% des cas MDR TB sont traités avec 
succès (≥ 75% dans certains pays) 
 



Cough	aerosols	of	Mycobacterium	tuberculosis	
predict	incident	tuberculosis	disease	in	

household	contacts	

•  Etude	rétrospecXve,	USA	
•  85	TBM	ED+	(Uganda)	2009-2011	
– 3	expectoraXons	pour	ED	et	culture	
– 1	prélèvement	d’aérosol	lors	de	la	toux	(Cough	
Aerosol	Sampling	System)	

èCFU	à	6	sem:	NégaXf/	Faible	(1-9	CFU)/	Fort	
aérosol	(≥	10	CFU)	

Jones-Lopez	EC.	Clin	Infect	Dis	2016;63(1):10-20	



Cough Aerosol Cultures

Of the 101 subjects with positive sputum cultures, 28 (27.7%;
95% confidence interval [CI], 19.9–37.1%) produced culture-
positive cough aerosols from the first CASS study (first 5-min
cough period). Among the positive aerosols, the median was 16
CFU (interquartile range, 5–30) with a range of 1 to 710 cfu
(Table 2); 16 (57%) of these subjects produced 10 or more cfu in
aerosols. The proportion of patients who generated culture-
positive aerosols increased as sputum smear microscopy grade
increased (Spearman correlation, 0.40; P ¼ 0.033; Figure 2) and
as sputum BACTEC days to positive (DTP) decreased (Spear-
man correlation,20.31; P ¼ 0.001). Although all CASS-positive
patients were sputum AFB smear positive, the majority of spu-
tum AFB smear–positive subjects (62 of 90, 69%) did not pro-
duce culturable cough aerosols. Conversely, none of the 11
sputum AFB-negative/culture-positive subjects produced cough
aerosols.

Tuberculous Aerosol Particle Size Distribution

The mode of the particle size distribution of culturable aerosols
was on stage 5 (1.1–2.0 mm), and nearly all (96.4%) particles
collected measured between 0.65 and 4.7 mm in aerodynamic
diameter (i.e., deposited in stages 3 to 6 of the Andersen cascade
impactors) (Figure 3). Of the 74 settle plates inside the chamber,
only 8 (11%) had positive growth. NoM. tuberculosis was cultured
from ambient air, but 45% of these plates were contaminated with
mold.

Factors Associated with Cough Aerosol Cultures

In unadjusted analyses (Table 1), the production of culturable
aerosols during the first 5-minute cough period was associated
with a higher Karnofsky performance score (P ¼ 0.016), higher
sputum AFB smear microscopy grade (P ¼ 0.007), lower
BACTEC DTP (P ¼ 0.004), strong cough (P ¼ 0.016), and
fewer days on TB treatment before enrollment (P ¼ 0.047).
Other variables marginally associated with aerosol production
were a higher CD4 cell count (P ¼ 0.11), a salivary or mucosa-
livary appearance of sputum (P ¼ 0.077), and a higher ambient
relative humidity at the time of testing (P ¼ 0.068). Of 14 sub-
jects with resistance to isoniazid and/or rifampicin, 7 (50%) had
culturable aerosols (P ¼ 0.090). Factors not associated with
cough-generated aerosols were HIV status, number of days of
cough before enrollment, extent of disease on chest radiograph,
or cavitary disease.

In multivariable analyses (Table 3), only a salivary or muco-
salivary appearance of the sputum (odds ratio, 4.42; 95% CI,
1.23–21.4) and lower sputum BACTEC DTP (per 1-d decrease;
odds ratio, 1.17; 95% CI, 1.05–1.33) were independently associ-
ated with cough aerosols of M. tuberculosis. The exclusion of
HIV-infected subjects did not significantly change these results
(Table 3).

Reproducibility

There was excellent agreement in the log-cfu11 between the
two 5-minute sessions of coughing in the same session (ICC,
0.83; 95% CI, 0.56–0.88). However, participants were more

Figure 1. Cough Aerosol Sampling System. View inside of chamber with two Andersen cascade impactors and settle plate (left) and set up in
procedure room ready for use (right).
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Cough	aerosols	of	Mycobacterium	tuberculosis	
predict	incident	tuberculosis	disease	in	

household	contacts	



• 369	contacts	étroits
– TST	≥	10	à	S0	ou	S6;	QFT	+	à	S0	ou	S6	(1%	INH)
– suivi	méd	3,9	ans:	8	(2%)	TBM

Jones-Lopez	EC.	Clin	Infect	Dis	2016;63(1):10-20	

Cough	aerosols	of	Mycobacterium	tuberculosis	
predict	incident	tuberculosis	disease	in	

household	contacts	



ED	 Aérosol	

Associé	aux	marqueurs	de	la	sévérité	de	la	
TBM	

Pas	associé	à	la	sévérité	de	la	TBM	

IdenXfie	68%	de	contacts	comme	à	haut	
risque	(ED	3+)	

IdenXfie	21%	de	contacts	comme	à	haut	
risque	(CFU	≥	10)	

80%	de	TST+,	81%	QFT	+	 94%	de	TST+	(p=0,02),	87%	QFT	+	(p=0,08)	

•  Incidence	de	la	TBM	chez	les	contacts:	
-  Charge	bacillaire	chez	cas	index	(culture):	OR	8,2	(1,1-59,2),	p=0,04	
-  Nb	de	CFU	à	6	sem	sur		culture	aérosol:	OR	6	(1,4-25,5),	p=	0,01	

pour	≥	10	CFU	vs	<	10.	
•  ED	=	diagnosXc	vs	Aérosol	=	contagiosité	(inoculum)	
	

Jones-Lopez	EC.	Clin	Infect	Dis	2016;63(1):10-20	

Cough	aerosols	of	Mycobacterium	tuberculosis	
predict	incident	tuberculosis	disease	in	

household	contacts	



First	evaluaBon	of	QuanBFERON-TB	Gold	Plus	
performance	in	contact	screening	

• TB1	è	CD4+
• TB2	è	CD4+	et	CD8+
• TB2-TB1	è	CD8+

• TB1	ou	TB2-nul	>	0,35	UI/mL	=	posiXf	
• QFT-plus	TB2-	QFT-plus	TB1	>	0,6	UI/mL	=	CD8+	

Barcellini	L.	Eur	Respir	J	2016.	DOI:10.1183/13993003.00510-2016.		



•  ProspecXve.	Milan	
•  Nov	2014-Juin	2015	
•  119	contacts	avec	TST	≥	5	mm	

First	evaluaBon	of	QuanBFERON-TB	Gold	Plus	
performance	in	contact	screening	

were positive to QFT-GIT. The overall agreement between the two IGRAs was high, with a Cohen’s κ of
0.8 (95% CI 0.69–0.91). The two tests gave concordant results for 107 (89.9%) subjects (table 2).
Discordant results were found in 12 subjects: they all scored negative to the QFT-GIT test and positive to
the QFT-Plus test. Discordant results between the two IGRAs included the four contacts with a single-tube
QFT-Plus positivity. Moreover, contacts with IGRA-discordant results had overall low IFN-γ responses,
but not so low to be considered borderline results (median TB1-nil 0.83 IU·mL−1 and TB2-nil
0.73 IU·mL−1). The characteristics of subjects with discordant results are shown in table 3. Only one of the
12 contacts with QFT-Plus positive and QFT-GIT negative results had a TST response <10 mm (7 mm).
Globally, the median TB1 QFT-Plus antigen IFN-γ level (TB1-Nil) was 0.74 IU·mL−1, whereas the median
TB2 QFT-Plus antigen IFN-γ level (TB2-Nil) was 0.67 IU·mL−1, as reported in table 2.

As per the Italian guidelines, contacts of TB cases with initial positive TST results who tested negative to a
first QFT-GIT analysis were retested with QFT-GIT at 10–12 weeks. At the post-exposure follow-up, two
contacts converted to QFT-GIT positive results. They were both part of the 12 contacts who initially
showed QFT-Plus positive/QFT-GIT negative discordant results (table 2). One of them had a strong
QFT-GIT positivity (>10 IU·mL−1) at 10 weeks post-exposure follow-up, while the second case reported a

TABLE 1 Demographic characteristics

Sex 119
Male 63 (52.9)
Female 56 (47.1)

Estimated incidence of TB in country of birth# 119
0–50 per 100000 person-years 48 (40.4)
>50 per 100000 person-years 71 (59.7)

Country of birth 119
European 58 (48.7)
Non-European 61 (51.3)

BCG vaccination 104
No 22 (21.1)
Yes 82 (78.8)

Smear status of index case 108
Negative 39 (36.1)
Positive 69 (63.9)

Time spent with the index case h per day 108
1–4 27 (25)
5–8 25 (23.1)
9–12 9 (8.3)
>12 47 (43.5)

Sleeping proximity to the index case
Different house 61 (56.5)
Different rooms 19 (17.6)
Same room 28 (25.9)

Immunocompromised¶ 119
No 108 (90.8)
Yes 11 (9.2)

Data are presented as n or n (%). TB: tuberculosis; BCG: bacille Calmette–Guerin. #: as per World Health
Organization report 2014 [29]; ¶: causes of immunosuppression: diabetes mellitus (n=6), chronic kidney
disease (n=0), HIV (n=2), malignancy (n=2) and immunosuppressive medications (n=1).

TABLE 2 Test results

QFT-GIT results Subjects QFT-Plus results Positive results per tube QTF-Plus IFN- γ
concentrations IU·mL−1

Negative Positive TB1 TB2 TB1-nil TB2-nil

Negative 63 51 (80.95) 12 (19.05) 10# 10¶ 0.01 (−0.01–0.17) 0.04 (0–0.23)
Positive 56 0 56 (100) 56 56 10.60 (2.94–16.57) 11.00 (3.32–17.75)
Total 119 51 (42.86) 68 (57.14) 66 66 0.74 (0.01–9.65) 0.67 (0.04–8.94)

Data are presented as n, n (%) or median (interquartile range). #: two were positive to TB1 only; ¶: two were positive to TB2 only. QFT-GIT:
QuantiFERON-TB Gold in Tube; QFT-Plus: QuantiFERON-TB Plus; IFN: interferon.
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107	concordants	(89,9%)	
Κ=0,8		

(95%	CI	0,69-0,91)	

2	QFT-GIT	+	
à	10-12	sem	



First	evaluaBon	of	QuanBFERON-TB	Gold	Plus	
performance	in	contact	screening	

Barcellini	L.	Eur	Respir	J	2016.	DOI:10.1183/13993003.00510-2016.		

Recent findings suggest that the discordance between IGRAs and TST in recently exposed individuals may
be related to delayed conversion of IGRAs relative to TST [31, 32]. In this study we found that most of the
discordant cases (QFT-GIT negative/QFT-Plus positive) show intense TST positivity; moreover, we
reported a shorter period of conversion for QFT-Plus compared to QFT-GIT at least in two individuals of
our cohort. These results suggest that QFT-Plus may be more sensitive in detecting new or recent infection
with M. tuberculosis than the QFT-GIT.

Our data demonstrate that risk factors for test positivity were the same for both IGRAs. QFT-Plus showed
stronger associations with surrogate measures of recent exposure than QFT-GIT both in univariate and
multivariate analysis The average time spent per day with the index case had the strongest association with
test positivity.

We investigated for the first time the difference in IFN-γ production between the two QFT-Plus tubes and
surrogate markers of increasing exposure. TB2−TB1 differential values were used as an indirect estimate of
specific CD8+ stimulation with the newly added antigens. A cut-off value was set at 0.6 IU·mL−1 in order
to exclude small variations due to intertest variability [30]. Positive TB2−TB1 differences (>0.6 IU·mL−1)
were significantly associated with sleeping proximity to the index case with an odds ratio comparable to
the one obtained in the analysis of QFT-GIT and QFT-Plus (sleeping in the same room compared to
sleeping in different houses OR 4.34, 95% CI 1.37–13.81). Moreover, European origin (OR 3.24, 95% CI
1.07–9.75) was significantly associated with TB2−TB1 >0.6 IU·mL−1, but was not statistically significant
for the QFT-GIT and the QFT-Plus results.

As individuals from European countries have a low risk for M. tuberculosis exposure, these findings are
consistent with the hypothesis that the difference in response between the TB2 and TB1 tubes could be
used as a surrogate marker of recent exposure (linked to the specific index case exposure), and not to
previous cumulative M. tuberculosis exposure. A recent flow-cytometry study reported a positive correlation
between the CD8+ T-cell response against the QFT-GIT antigens and recent exposure to M. tuberculosis in
contacts of active TB patients compared to controls (active TB patients, healthcare workers and
BCG-vaccinated healthy controls) [24].

Tests currently used for M. tuberculosis infection diagnosis do not reflect CD8+ T-cell cytokine production
[33]; however, results reported in previous flow-cytometry studies and our own findings provide a strong
rationale for measurement of M. tuberculosis-specific CD8+ T-cell response. If validated, this may prove to
be a surrogate marker of recent infection, which, having the highest risk of progression to active TB, may
enable QFT-Plus to distinguish recent infection from long-lasting reactivity and hence allow better
targeted delivery of preventive therapy.

M. tuberculosis-specific CD8+ T-cells have been more frequently detected in individuals with active TB when
compared with LTBI and correlated with increasing antigenic burden [21–23, 34, 35], suggesting that the
presence of CD8+ T-cells in a small proportion of latently infected individuals may be predictive of M.
tuberculosis active replication and more likely disease progression [22]. Consistent with these results, in a
previous study we found that the difference in responses between the QFT-Plus tubes may positively
correlate with increasing antigenic load in active TB patients, as it was significantly more common in
smear-positive versus smear-negative active TB patients [36]. In the present study, we observed a greater TB2
antigen response (TB2−TB1 difference >0.6 IU·mL−1) in 18 (15.13%) individuals, all QFT-Plus positive. We
speculate that the small subgroup of latently infected contacts with TB2−TB1 difference >0.6 IU·mL−1 had a
higher antigenic burden. However, to date, we do not have the tools to directly assess M. tuberculosis
antigenic burden, as current LTBI tests rely on the (indirect) measurement of a specific immune response.

Our study has limitations. The foremost of these was the sample size, which was 119 subjects. Moreover,
because of the lack of gold-standard tests for LTBI, we were unable to adequately resolve the discordance

TABLE 6 Backward stepwise multivariate logistic regression for predicting TB2−TB1
>0.6 IU·mL−1

OR (95% CI) p-value

Country of birth
Non-European 1
European 3.46 (1.03–11.69) 0.0453

Sleeping proximity to the index case
Different room 1
Same room 5.90 (1.83–18.97) 0.0029
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Added	value	of	molecular	assay	Xpert	MTB/RIF	
compared	to	sputum	smear	microscopy	to	assess	the	risk	
of	tuberculosis	transmission	in	a	low-prevalence	country.	

	

•  Etude	rétrospecXve,	Lausanne	
•  Mai	2010	à	Décembre	2014	
•  242	paXents	suspects	de	TB	pulmonaire	
– Xpert	MTB/RIF,		
– ED	et	culture	(71/242	=29,3%	culture	+)	

Opota	O.	Clin	Microbiol	Infect	2016;22(7):613-9	



Added	value	of	molecular	assay	Xpert	MTB/RIF	
compared	to	sputum	smear	microscopy	to	assess	the	risk	
of	tuberculosis	transmission	in	a	low-prevalence	country.	

	

ED	 Xpert	MTB/RIF	

Sen	 64,7%	(46/71)	 91,5%	(65/71)		

Spé	 94,2%	(161/171)	 99,4%	(170/171)	

VPP	 82,1%	(46/56)	 98,5%	(65/66)	

VPN	 86,6%	(171/186)	 96,6%	(170/176)	

•  20	ED	-/Xpert	MTB/RIF	+:	
- 14/20	symptomaXques	
- 11/20	(55%)	excavaXon	

•  46	ED+	è	Xpert	MTB/RIF	+		
•  166	Xpert	MTB/RIF-	èED-		

Réduc4on	des	mesures	d’isolement?		
Opota	O.	Clin	Microbiol	Infect	2016;22(7):613-9	



Added	value	of	molecular	assay	Xpert	MTB/RIF	compared	
to	sputum	smear	microscopy	to	assess	the	risk	of	

tuberculosis	transmission	in	a	low-prevalence	country.	
	

prevalence regions [24]. Another limitation of all the studies con-
ducted so far on PCR-based diagnosis of pulmonary tuberculosis is
the dependence on smear microscopy to address the transmission
potential of infected patients. A breakthrough study would define
the direct relationship between M. tuberculosis DNA load and pa-
tients' infectious potential.

On the basis of our study and on previous studies addressing the
clinical performance and the cost-effectiveness of the Xpert MTB/
RIF, and to follow theWorld Health Organization recommendations
to use the Xpert MTB/RIF as first-line test to initiate pulmonary
tuberculosis diagnosis [1], the diagnostic work flow of pulmonary
tuberculosis has been adapted in our hospital (Fig. 2). Patients with
a significant pretest probability of pulmonary tuberculosis (clinical
presentation, epidemiology) are isolated. The microbial diagnostic
is initiated by the Xpert MTB/RIF performed in the microbiology
laboratory on spot sputum samples. A negative result does not rule
out an infection but suggests a limited infectious potential of the
patient. An individual evaluation by a pneumology specialist and/or
an infectious disease specialist will then assess the need to main-
tain isolation and the need for a second Xpert MTB/RIF to increase
the sensitivity of the analysis [2]. A third Xpert MTB/RIF has a
limited impact on the sensitivity and NPV of the molecular POCT
[2]. Nevertheless, an additional respiratory specimen might be
collected for a third mycobacterial culture because culture remains
the most sensitive assay and a third sample might help identify a
few additional cases. This work flow takes advantage of the
increased sensitivity and specificity of the Xpert MTB/RIF but also
takes into consideration the fact that culture remains the most
sensitive method.

Our study demonstrates that an Xpert MTB/RIF-based strategy is
more efficient than smear-dependent strategies for both tubercu-
losis diagnosis and initial evaluation of patient infectiousness.
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Adenosine	deaminase	is	a	useful	biomarker	to	
diagnose	pleural	tuberculosis	in	low	to	medium	

prevalence	sebngs	

•  Etude	rétrospecXve	2001-2008	
•  Suivi	méd	15,6	mois	(IQR	5,9-44,3)	

Total	n=104	
(100%)	

pTB	n=34	
(33%)	

Non-pTB	n=70	
(67%)	

p	

Age	moy	 55	(21)	 41	(20)	 62	(19)	 <0,001	

ADA	moy		
U/L	[range]	

55	[4-254]	 119	[32-254]	 24	[4-108]	
	

<	0,001	

Michot	JM.	Diagnos5c	Microbiol	Infect	Dis	2015,	doi:	10.1016/j.diagmicrobio.2015.11.007		
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Figure 1: Receiver operating characteristic curve for pleural adenosine deaminase 

(ADA) activity (upper panel) and distribution of pleural ADA activity in the pleural 

tuberculosis (pTB) and non-pTB groups (lower panel).  
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Bedaquiline	in	the	treatment	of	mulBdrug-	and	
extensively	drug-	resistant	tuberculosis		

	

• Etude	mulXcentrique	de	phase	II	
• 20/08/2009-27/09/2010	
• 233	paXents	(63,5%	MDR,	18,9%	pré	XDR,	16,3%	XDR)	

• 400	mg	bedaquiline/j	2	sem	puis	200	mg	x3/
sem	pendant	22	sem	en	associaXon		

• Suivi	96	sem	après	fin	du	traitement	
bédaquiline	(17,9%	tjrs	sous	autres	ATB)=	S120	

	
Pym	AS.	Eur	Respir	J	2016;47(2):564-74	



Bedaquiline	in	the	treatment	of	mulBdrug-	and	
extensively	drug-	resistant	tuberculosis		

	•  47/233	(20,2%	SAE)	
•  20/233	(8,6%)	arrêt	avant	S24	
•  16/233	(6,9%)	décès	

0.0075 to 0.24 µg·mL−1 for 97.0% of strains. 24 patients in the efficacy population had repeat DST for
bedaquiline at week 24 or later. 12 of these had a post-baseline ⩾4-fold increase in bedaquiline MIC and
the paired isolates were confirmed to be the same strain using 24-locus mycobacterial interspersed
repetitive unit variable number tandem repeat (MITU-VNTR) genotyping; nine of the 12 had MIC
⩾0.24 µg·mL−1 and eight had MIC >0.48 µg·mL−1. Post-baseline increases in bedaquiline MIC were almost
exclusively seen in patients with pre-XDR-TB (4/12) and XDR-TB (7/12). None of these post-baseline
isolates had a polymorphism in the ATP operon, but all 12 had mutations in Rv0678 post-baseline [25].
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FIGURE 3 Kaplan–Meier plot for
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conversion (efficacy (modified
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vertical line represents the median
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baseline.
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FIGURE 4 Week 120 outcomes in the efficacy (modified intent-to-treat) population based on the
protocol-defined analysis method (missing=failure) and the modified World Health Organization (WHO)
outcome definitions for multidrug-resistant tuberculosis [21]. Cure: A patient who completed the study and
was consistently culture-negative (with at least five consecutive negative cultures from samples collected at
least 30 days apart) for at least the final 12 months of the study. If only one positive culture was reported
during that time, a patient was still considered cured, provided that this positive culture was followed by a
minimum of three consecutive negative cultures taken at least 30 days apart. Treatment failure: a patient who
completed the study and was not cured as per definition above. Transfer out/default: a patient who
discontinued the study for any reason. Death: a patient who died during the study. Patients who died during
survival follow-up before or within the week 120 window were also included in this category. Patients who
died during survival follow-up after the week 120 window were not included in this category as the event
occurred after the planned duration (120 weeks) of the trial. Completed: a patient who completed the study but
did not meet the definition for cure or treatment failure due to lack of bacteriologic results.
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•  Taux	de	conversion	S120:	
-  73,1%	(62,9-81,8%)	MDR	
-  70,7%	(54,8-83,3%)	pré-XDR		
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76.3%, still higher than that in the ODR group, which had increased
to 63.5% (p = 0.042), and that in the MDR/XDR group, which had
increased to 60.0% (p = 0.031). At 12 weeks, the conversion rate
was still higher in the DS group (85.9%) than in the MDR/XDR group
(74.3%, p = 0.062), but was not different compared with the ODR
group (84.6%, p = 0.796, Table 3).

Conversion rates were also analyzed using a stricter definition
of negative culture conversion, as follows: two consecutive
negative cultures were taken at least 30 days apart, and patients
who could not expectorate sputum after one occurrence of
negative sputum culture were excluded. Although conversion
rates at 4, 8, and 12 weeks were lower than those in the previous
analysis, the overall differences and statistical significance were

similar. At 4 weeks, conversion rates were 47.9%, 30.8%, and 40.0%
in the DS, ODR, and MDR/XDR groups, respectively (p = 0.006). At
8 weeks, these conversion rates were 68.9%, 57.7%, and 48.6%
(p = 0.017), respectively, and at 12 weeks, they were 77.0%, 76.9%,
and 60.0% (p = 0.076), respectively.

3.3. Comparison of time to culture conversion

Among all of the 525 patients who achieved conversion, the
median time to conversion was significantly longer in the MDR/
XDR group (median 56, IQR 0–92 days) than in the DS group
(median 39, IQR 16–67 days; p < 0.001). However, there was no
difference in the time to conversion between the MDR/XDR and
ODR groups (median 56, IQR 28–80 days; p = 0.881, Table 2). The
time to conversion was shown by Kaplan–Meier survival analysis
(Figure 1).

4. Discussion

Periodic sputum examinations are crucial for assessing
treatment responses in patients with pulmonary TB. A positive
sputum culture at 2 months of treatment is associated with an
increased risk of relapse or treatment failure.13–15 In addition,
delayed sputum culture conversion is a predictor of treatment
failure or the development of resistance.13,16 In this study, it was
found that the more drugs to which M. tuberculosis was resistant,
the slower the achievement of culture conversion, likely because of
less effective second-line anti-TB drugs. The effect of drug
resistance on conversion was most evident at 8 weeks, and was
less evident at 4 and 12 weeks of treatment.

At all three time points, the DS group showed higher conversion
rates than the other two groups. At 4 weeks of treatment, the
conversion rate was higher in the MDR/XDR group than in the ODR
group. This finding could be explained by the effects of the first-
line anti-TB medication initially administered for patients with
MDR-TB. Some portion of MDR-TB patients are reported to achieve
conversion while on first-line anti-TB drugs.17 The conversion rate
in the ODR group caught up with that of the MDR/XDR group at
8 weeks, and then caught up with that of the DS group at 12 weeks.

The mean time to conversion was significantly longer in the
MDR/XDR group than in the DS or ODR groups. Although the
median values were not different in the ODR and MDR/XDR groups

Table 1
Demographic and baseline characteristics of the three groups of patients

All drug-sensitive Other drug-resistant MDR or XDR p-Value

Number (total = 535) 448 52 35
Age, years, median (IQR) 56 (39, 70) 55 (37, 69) 41 (33, 55) 0.002
Male, n (%) 264 (58.9) 30 (57.7) 24 (68.6) 0.52
Body weight, kg, median (IQR) 55 (49, 64.2) 56.3 (50, 62.2) 56.8 (49, 67) 0.28
Sputum studies

Positive acid-fast staining, n (%) 140 (31.3) 19 (36.5) 17 (48.6) 0.008
Time to culture of M. tuberculosis, days, median (IQR) 16 (12, 20) 14 (10.5, 19) 15 (11, 20) 0.39

History of tuberculosis, n (%) 67 (15.2) 11 (22.0) 19 (55.9) <0.001
Comorbidities

Diabetes, n (%) 81 (18.1) 11 (21.2) 3 (8.6) 0.29
Malignancy, n (%) 54 (12.1) 7 (13.5) 1 (2.9) 0.24
Immunosuppressants, n (%) 22 (4.9) 1 (1.9) 2 (2.9) 0.55
HIV/AIDS, n (%) 1 (0.2) 1 (1.9) 2 (5.7) 0.001
Chronic liver disease, n (%) 34 (7.6) 4 (7.7) 1 (2.9) 0.58
Chronic kidney disease, n (%) 21 (4.7) 2 (3.9) 1 (2.9) 0.86

Smoking status
Current smoker, n (%) 81 (18.1) 6 (11.5) 8 (8.4) 0.82
Pack-years, median (IQR) 30 (15, 50) 40 (30, 40) 20 (15, 40) 0.36

Radiographic characteristics
Presence of a cavity, n (%) 100 (26.1) 10 (25.6) 11 (34.4) 0.59
Bilateral involvement, n (%) 194 (50.7) 27 (69.2) 19 (59.4) 0.001

MDR, multidrug-resistant; XDR, extensively drug-resistant; IQR, interquartile range.

Table 2
Outcomes of treatment in the three groups

All
drug-sensitive

Other
drug-resistant

MDR or
XDR

p-Value

Number (total = 535) 448 52 35
Results, n (%)

Cured or treatment
completed

404 (90.2) 45 (86.5) 27 (77.1)

Failed 8 (1.8) 1 (1.9) 2 (5.7)
Died 5 (1.1) 1 (1.9) 0 (0.0)
Lost to follow-up 31 (6.9) 5 (9.7) 6 (17.1)
Not evaluated 14 (3.1) 2 (3.9) 4 (11.4)

Time to negative culture conversion
Mean ! SD 53.1 ! 68.1 59.3 ! 36.9 109.2 ! 175.1 <0.001
Median (IQR) 39 (16, 67) 56 (28, 80) 56 (0, 92)

MDR, multidrug-resistant; XDR, extensively drug-resistant; SD, standard deviation;
IQR, interquartile range.

Table 3
Conversion rate of patients with negative culture conversion at 4, 8, and 12 weeksa

All
drug-sensitive

Other
drug-resistant

MDR or
XDR

p-Value

Number
(total = 535)

448 52 35

4 weeks 236 (52.7) 16 (30.8) 16 (45.7) 0.010
8 weeks 342 (76.3) 33 (63.5) 21 (60.0) 0.020
12 weeks 385 (85.9) 44 (84.6) 26 (74.3) 0.176

MDR, multidrug-resistant; XDR, extensively drug-resistant.
a Values are n (%).
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76.3%, still higher than that in the ODR group, which had increased
to 63.5% (p = 0.042), and that in the MDR/XDR group, which had
increased to 60.0% (p = 0.031). At 12 weeks, the conversion rate
was still higher in the DS group (85.9%) than in the MDR/XDR group
(74.3%, p = 0.062), but was not different compared with the ODR
group (84.6%, p = 0.796, Table 3).

Conversion rates were also analyzed using a stricter definition
of negative culture conversion, as follows: two consecutive
negative cultures were taken at least 30 days apart, and patients
who could not expectorate sputum after one occurrence of
negative sputum culture were excluded. Although conversion
rates at 4, 8, and 12 weeks were lower than those in the previous
analysis, the overall differences and statistical significance were

similar. At 4 weeks, conversion rates were 47.9%, 30.8%, and 40.0%
in the DS, ODR, and MDR/XDR groups, respectively (p = 0.006). At
8 weeks, these conversion rates were 68.9%, 57.7%, and 48.6%
(p = 0.017), respectively, and at 12 weeks, they were 77.0%, 76.9%,
and 60.0% (p = 0.076), respectively.

3.3. Comparison of time to culture conversion

Among all of the 525 patients who achieved conversion, the
median time to conversion was significantly longer in the MDR/
XDR group (median 56, IQR 0–92 days) than in the DS group
(median 39, IQR 16–67 days; p < 0.001). However, there was no
difference in the time to conversion between the MDR/XDR and
ODR groups (median 56, IQR 28–80 days; p = 0.881, Table 2). The
time to conversion was shown by Kaplan–Meier survival analysis
(Figure 1).

4. Discussion

Periodic sputum examinations are crucial for assessing
treatment responses in patients with pulmonary TB. A positive
sputum culture at 2 months of treatment is associated with an
increased risk of relapse or treatment failure.13–15 In addition,
delayed sputum culture conversion is a predictor of treatment
failure or the development of resistance.13,16 In this study, it was
found that the more drugs to which M. tuberculosis was resistant,
the slower the achievement of culture conversion, likely because of
less effective second-line anti-TB drugs. The effect of drug
resistance on conversion was most evident at 8 weeks, and was
less evident at 4 and 12 weeks of treatment.

At all three time points, the DS group showed higher conversion
rates than the other two groups. At 4 weeks of treatment, the
conversion rate was higher in the MDR/XDR group than in the ODR
group. This finding could be explained by the effects of the first-
line anti-TB medication initially administered for patients with
MDR-TB. Some portion of MDR-TB patients are reported to achieve
conversion while on first-line anti-TB drugs.17 The conversion rate
in the ODR group caught up with that of the MDR/XDR group at
8 weeks, and then caught up with that of the DS group at 12 weeks.

The mean time to conversion was significantly longer in the
MDR/XDR group than in the DS or ODR groups. Although the
median values were not different in the ODR and MDR/XDR groups

Table 1
Demographic and baseline characteristics of the three groups of patients

All drug-sensitive Other drug-resistant MDR or XDR p-Value

Number (total = 535) 448 52 35
Age, years, median (IQR) 56 (39, 70) 55 (37, 69) 41 (33, 55) 0.002
Male, n (%) 264 (58.9) 30 (57.7) 24 (68.6) 0.52
Body weight, kg, median (IQR) 55 (49, 64.2) 56.3 (50, 62.2) 56.8 (49, 67) 0.28
Sputum studies

Positive acid-fast staining, n (%) 140 (31.3) 19 (36.5) 17 (48.6) 0.008
Time to culture of M. tuberculosis, days, median (IQR) 16 (12, 20) 14 (10.5, 19) 15 (11, 20) 0.39

History of tuberculosis, n (%) 67 (15.2) 11 (22.0) 19 (55.9) <0.001
Comorbidities

Diabetes, n (%) 81 (18.1) 11 (21.2) 3 (8.6) 0.29
Malignancy, n (%) 54 (12.1) 7 (13.5) 1 (2.9) 0.24
Immunosuppressants, n (%) 22 (4.9) 1 (1.9) 2 (2.9) 0.55
HIV/AIDS, n (%) 1 (0.2) 1 (1.9) 2 (5.7) 0.001
Chronic liver disease, n (%) 34 (7.6) 4 (7.7) 1 (2.9) 0.58
Chronic kidney disease, n (%) 21 (4.7) 2 (3.9) 1 (2.9) 0.86

Smoking status
Current smoker, n (%) 81 (18.1) 6 (11.5) 8 (8.4) 0.82
Pack-years, median (IQR) 30 (15, 50) 40 (30, 40) 20 (15, 40) 0.36

Radiographic characteristics
Presence of a cavity, n (%) 100 (26.1) 10 (25.6) 11 (34.4) 0.59
Bilateral involvement, n (%) 194 (50.7) 27 (69.2) 19 (59.4) 0.001

MDR, multidrug-resistant; XDR, extensively drug-resistant; IQR, interquartile range.

Table 2
Outcomes of treatment in the three groups

All
drug-sensitive

Other
drug-resistant

MDR or
XDR

p-Value

Number (total = 535) 448 52 35
Results, n (%)

Cured or treatment
completed

404 (90.2) 45 (86.5) 27 (77.1)

Failed 8 (1.8) 1 (1.9) 2 (5.7)
Died 5 (1.1) 1 (1.9) 0 (0.0)
Lost to follow-up 31 (6.9) 5 (9.7) 6 (17.1)
Not evaluated 14 (3.1) 2 (3.9) 4 (11.4)

Time to negative culture conversion
Mean ! SD 53.1 ! 68.1 59.3 ! 36.9 109.2 ! 175.1 <0.001
Median (IQR) 39 (16, 67) 56 (28, 80) 56 (0, 92)

MDR, multidrug-resistant; XDR, extensively drug-resistant; SD, standard deviation;
IQR, interquartile range.

Table 3
Conversion rate of patients with negative culture conversion at 4, 8, and 12 weeksa

All
drug-sensitive

Other
drug-resistant

MDR or
XDR

p-Value

Number
(total = 535)

448 52 35

4 weeks 236 (52.7) 16 (30.8) 16 (45.7) 0.010
8 weeks 342 (76.3) 33 (63.5) 21 (60.0) 0.020
12 weeks 385 (85.9) 44 (84.6) 26 (74.3) 0.176

MDR, multidrug-resistant; XDR, extensively drug-resistant.
a Values are n (%).
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76.3%, still higher than that in the ODR group, which had increased
to 63.5% (p = 0.042), and that in the MDR/XDR group, which had
increased to 60.0% (p = 0.031). At 12 weeks, the conversion rate
was still higher in the DS group (85.9%) than in the MDR/XDR group
(74.3%, p = 0.062), but was not different compared with the ODR
group (84.6%, p = 0.796, Table 3).

Conversion rates were also analyzed using a stricter definition
of negative culture conversion, as follows: two consecutive
negative cultures were taken at least 30 days apart, and patients
who could not expectorate sputum after one occurrence of
negative sputum culture were excluded. Although conversion
rates at 4, 8, and 12 weeks were lower than those in the previous
analysis, the overall differences and statistical significance were

similar. At 4 weeks, conversion rates were 47.9%, 30.8%, and 40.0%
in the DS, ODR, and MDR/XDR groups, respectively (p = 0.006). At
8 weeks, these conversion rates were 68.9%, 57.7%, and 48.6%
(p = 0.017), respectively, and at 12 weeks, they were 77.0%, 76.9%,
and 60.0% (p = 0.076), respectively.

3.3. Comparison of time to culture conversion

Among all of the 525 patients who achieved conversion, the
median time to conversion was significantly longer in the MDR/
XDR group (median 56, IQR 0–92 days) than in the DS group
(median 39, IQR 16–67 days; p < 0.001). However, there was no
difference in the time to conversion between the MDR/XDR and
ODR groups (median 56, IQR 28–80 days; p = 0.881, Table 2). The
time to conversion was shown by Kaplan–Meier survival analysis
(Figure 1).

4. Discussion

Periodic sputum examinations are crucial for assessing
treatment responses in patients with pulmonary TB. A positive
sputum culture at 2 months of treatment is associated with an
increased risk of relapse or treatment failure.13–15 In addition,
delayed sputum culture conversion is a predictor of treatment
failure or the development of resistance.13,16 In this study, it was
found that the more drugs to which M. tuberculosis was resistant,
the slower the achievement of culture conversion, likely because of
less effective second-line anti-TB drugs. The effect of drug
resistance on conversion was most evident at 8 weeks, and was
less evident at 4 and 12 weeks of treatment.

At all three time points, the DS group showed higher conversion
rates than the other two groups. At 4 weeks of treatment, the
conversion rate was higher in the MDR/XDR group than in the ODR
group. This finding could be explained by the effects of the first-
line anti-TB medication initially administered for patients with
MDR-TB. Some portion of MDR-TB patients are reported to achieve
conversion while on first-line anti-TB drugs.17 The conversion rate
in the ODR group caught up with that of the MDR/XDR group at
8 weeks, and then caught up with that of the DS group at 12 weeks.

The mean time to conversion was significantly longer in the
MDR/XDR group than in the DS or ODR groups. Although the
median values were not different in the ODR and MDR/XDR groups

Table 1
Demographic and baseline characteristics of the three groups of patients

All drug-sensitive Other drug-resistant MDR or XDR p-Value

Number (total = 535) 448 52 35
Age, years, median (IQR) 56 (39, 70) 55 (37, 69) 41 (33, 55) 0.002
Male, n (%) 264 (58.9) 30 (57.7) 24 (68.6) 0.52
Body weight, kg, median (IQR) 55 (49, 64.2) 56.3 (50, 62.2) 56.8 (49, 67) 0.28
Sputum studies

Positive acid-fast staining, n (%) 140 (31.3) 19 (36.5) 17 (48.6) 0.008
Time to culture of M. tuberculosis, days, median (IQR) 16 (12, 20) 14 (10.5, 19) 15 (11, 20) 0.39

History of tuberculosis, n (%) 67 (15.2) 11 (22.0) 19 (55.9) <0.001
Comorbidities

Diabetes, n (%) 81 (18.1) 11 (21.2) 3 (8.6) 0.29
Malignancy, n (%) 54 (12.1) 7 (13.5) 1 (2.9) 0.24
Immunosuppressants, n (%) 22 (4.9) 1 (1.9) 2 (2.9) 0.55
HIV/AIDS, n (%) 1 (0.2) 1 (1.9) 2 (5.7) 0.001
Chronic liver disease, n (%) 34 (7.6) 4 (7.7) 1 (2.9) 0.58
Chronic kidney disease, n (%) 21 (4.7) 2 (3.9) 1 (2.9) 0.86

Smoking status
Current smoker, n (%) 81 (18.1) 6 (11.5) 8 (8.4) 0.82
Pack-years, median (IQR) 30 (15, 50) 40 (30, 40) 20 (15, 40) 0.36

Radiographic characteristics
Presence of a cavity, n (%) 100 (26.1) 10 (25.6) 11 (34.4) 0.59
Bilateral involvement, n (%) 194 (50.7) 27 (69.2) 19 (59.4) 0.001

MDR, multidrug-resistant; XDR, extensively drug-resistant; IQR, interquartile range.

Table 2
Outcomes of treatment in the three groups

All
drug-sensitive

Other
drug-resistant

MDR or
XDR

p-Value

Number (total = 535) 448 52 35
Results, n (%)

Cured or treatment
completed

404 (90.2) 45 (86.5) 27 (77.1)

Failed 8 (1.8) 1 (1.9) 2 (5.7)
Died 5 (1.1) 1 (1.9) 0 (0.0)
Lost to follow-up 31 (6.9) 5 (9.7) 6 (17.1)
Not evaluated 14 (3.1) 2 (3.9) 4 (11.4)

Time to negative culture conversion
Mean! SD 53.1!68.1 59.3!36.9 109.2!175.1 <0.001
Median (IQR) 39 (16, 67) 56 (28, 80) 56 (0, 92)

MDR, multidrug-resistant; XDR, extensively drug-resistant; SD, standard deviation;
IQR, interquartile range.

Table 3
Conversion rate of patients with negative culture conversion at 4, 8, and 12 weeksa

All
drug-sensitive

Other
drug-resistant

MDR or
XDR

p-Value

Number
(total = 535)

448 52 35

4 weeks 236 (52.7) 16 (30.8) 16 (45.7) 0.010
8 weeks 342 (76.3) 33 (63.5) 21 (60.0) 0.020
12 weeks 385 (85.9) 44 (84.6) 26 (74.3) 0.176

MDR, multidrug-resistant; XDR, extensively drug-resistant.
a Values are n (%).
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(56 days for each), the wider range in IQR in the MDR/XDR group (0,
92 days) than in the ODR group (28, 80 days) resulted in a
significant difference in time to conversion. The wide range of time
to conversion found in the MDR/XDR group could be explained by
the diverse treatment responses due to the heterogeneous
resistance patterns, as well as the modification of anti-TB regimens
due to adverse drug events.

Previous studies have failed to determine the difference in time
to conversion between groups with different resistance.8–10 One
study compared only DS and ODR groups,8 and another compared
only ODR and MDR/XDR groups.10 Another study compared these
three groups and showed no difference in terms of time to
conversion, but only a small number of patients were included in
that study (nine patients in the MDR-TB group and 11 in the ODR-
TB group).9

The guidelines of the American Thoracic Society and Centers
for Disease Control and Prevention recommend discontinuing
respiratory precautions for patients with pulmonary TB if they
have three consecutive negative AFB sputum smear results
collected 8–24 h apart, and for patients who have received
standard anti-TB treatment (minimum of 2 weeks) and have
demonstrated a clinical improvement.18,19 The finding of slower
culture conversion in the ODR and MDR/XDR groups in the present
study suggests the necessity of longer respiratory precautions in
patients with drug-resistant TB. In addition, a wide range in time
to conversion in the ODR (IQR 28, 80) and MDR/XDR (IQR 0, 92)
groups further suggests that the duration of respiratory precau-
tions should be individualized depending on the results of sputum
studies.

This study has several limitations. First, sputum collection
times were not uniform in every patient included in this study.
Although sputum culture results at 8 weeks of treatment were
available for all of the patients included in this analysis, monthly
cultures were lacking in some patients. This may have led to an
underestimation of the conversion rates at a defined time point
and an overestimation of the time to conversion. Second, the
numbers of patients included in the three groups were different,
which may have reduced the statistical power of this analysis. This
is one of the shortcomings of the study due to its retrospective

design. Finally, more precise classification than that used in this
study (e.g., separation of MDR-TB and XDR-TB) could provide more
detailed information on the association between the presence of
resistance and culture conversion.

In conclusion, the pattern of resistance to anti-TB drugs affects
culture conversion rates in the early phase of treatment, as well as
the time to conversion. The effect of the drug resistance pattern on
conversion of sputum culture is most evident at 8 weeks, and less
evident at 4 and 12 weeks of treatment.
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AnB-PD1	anBbody	treatment	and	the	
development	of	acute	pulmonary	tuberculosis	

• Homme	de	72	ans,	QFT	-	
• Cancer	épidermoïde	du	
poumon,		

• 2ème	ligne	par	Nivolumab	
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• AppariXon	de	nodules	centro-lobulaires	après	8	
injecXons.	

• QFT	+,	culture	LBA	+	Mycobacterium
tuberculosis.		

• Biopsies	transbronchiques:	infiltrat	
lymphocytaire		



AnB-PD1	anBbody	treatment	and	the	
development	of	acute	pulmonary	tuberculosis	

•  InhibiXon	PD1-PDL1	è	«	uprégulaXon	»	de	la	
producXon	d’IFN-γ.	

•  «	IRIS	»?	

not expectorate sputum, bronchoscopy was used to
collect bronchoalveolar lavage fluid and transbronchial
lung biopsy specimens. Examination of a bronchoalveo-
lar lavage fluid culture showed positive acid-fast bacilli
that were confirmed as Mycobacterium tuberculosis by
polymerase chain reaction. The transbronchial lung
biopsy specimens showed no caseous necrosis but did
show diffuse lymphocytic infiltrations (Fig. 2A and B).

After cessation of nivolumab administration in May
2016, the patient began receiving antituberculosis
treatment.

Discussion
To our knowledge, this is the first case of acute

development of pulmonary tuberculosis during anti–PD-1
antibody immune therapy. Active tuberculosis is often

Figure 1. Computed tomography (CT) images during the clinical course of the patient. (A and B) CT scan at diagnosis. There
was no obvious abnormal shadow in the bilateral upper to lower lobes. (C and D) CT scan after four cycles of second-line
chemotherapy (before nivolumab). Similarly, no obvious abnormal shadow was seen in the bilateral upper to lower lobes.
(E and F) CT scan after eight cycles of nivolumab administration. Abnormal shadows with centrilobular nodules, showing
tree-in-bud appearance, were observed.

Figure 2. Histopathological findings of examination of the lung biopsy specimens. Diffuse lymphocyte infiltrations were
observed in the alveolar area (hematoxylin and eosin). (A) Original magnification, !200; (B) original magnification, !400).
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CD4	T	cell-derived	IFN-γ	plays	a	minimal		role	in	control	of	
pulmonary	Mycobacterium		tuberculosis	infecBon	and	
must	be	acBvely	repressed	by	PD-1	to	prevent	lethal	

disease		
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PD1	facilite	la	
résistance	de	
l’hôte	à	
Mycobacterium	
tuberculosis	en	
évitant	la	
suproducXon	
délétère	d’INF-
γ	par	les	CD4+.	
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