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37 SUMMARY
38

39 Background: The impact of treatment on nontuberculous mycobacterial pulmonary disease (NTM-PD) 

40 is difficult to assess in a real-world setting. We aimed to determine the nationwide treatment 

41 outcomes and long-term survival of NTM-PD patients. 

42 Methods: retrospective cohort study on all Croatian residents with respiratory NTM isolates from 2006 

43 to 2015 with follow up to 2020. ATS/IDSA guidelines and the NTM-NET consensus statement were used 

44 to establish NTM-PD diagnosis and score the adequacy of treatment. 

45 Results: Guideline based treatment (GBT) was started in 50/98 (51%) of treated patients, but the 

46 recommended duration was followed in only 35.7% (35/98). GBT treated patients had higher chance 

47 of being cured (OR 3.79, 95% CI 1.29 to 11.1, p=0.012) compared to inadequately treated/untreated 

48 patients. Patients with MX-PD achieved high cure rates (>80%) with both GBT and TB treatment 

49 (p=0.57). Five-year all-cause mortality in inadequately treated (37.1%) or untreated (46.2%) patients 

50 was higher compared to GBT treated (27.8%) patients (p = 0.29).

51 Conclusion: Only one third of patients treated for NTM-PD received GBT which resulted in a four-time 

52 higher chance of being cured. This was mostly driven by improved rates in MAC-PD, FC, and smear 

53 positive patients, with no clear impact of GBT on MX-PD.

54 Key words: NTM-PD, treatment outcomes, long term survival

55
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56 ABREVIATIONS

57

58 AFB acid fast bacilli

59 ATS American Thoracic Society

60 BMI body mass index

61 CIPH Croatian Institute of Public Health

62 FC fibro cavitary

63 GBT guideline based treatment

64 IDSA Infectious Diseases Society of America

65 MAC Mycobacterium avium complex

66 MAC-PD Mycobacterium avium complex pulmonary disease

67 MX-PD Mycobacterium xenopi pulmonary disease

68 NB nodular bronchiectatic

69 NRML National Reference Mycobacteria Laboratory

70 NTM non-tuberculous mycobacteria

71 NTM-PD non-tuberculous mycobacterial pulmonary disease

72 SCC spontaneous culture conversion

73 TB tuberculosis

74 TTP time to positivity

75
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76 INTRODUCTION

77 Nontuberculous mycobacteria (NTM) are ubiquitous in our environment.1,2 NTM pulmonary disease 

78 (NTM-PD), the most common disease form, is an important entity in humans which mostly affects the 

79 elderly population with underlying lung disease. 2-5 Diagnosis of NTM-PD is complex, while treatment 

80 requires long-term administration of species-specific multidrug regimens. 

81 In 2020, new international guidelines for the management of NTM-PD were published.2 They offer 

82 recommendations on management of NTM-PD caused by the most common NTM species. A recent 

83 document added recommendations for 7 rarer NTM species.6 Additionally, outcome definitions have 

84 now been proposed for NTM-PD.7 However, despite these new clear recommendations on the 

85 treatment and outcomes of NTM-PD, real world data from two recent retrospective studies showed 

86 heterogeneous practice in NTM-PD management, relatively low cure rates and high rates of 

87 unsuccessful outcomes.8,9

88 Our previous studies showed increasing prevalence of NTM isolation and NTM-PD in Croatia (with 

89 significant geographical differences within the country), established M. xenopi and MAC as the most 

90 frequent causative agents of NTM-PD, and explored the characteristics and possible risk factors for 

91 NTM-PD in our setting.10-13 In this retrospective cohort study, we aimed to evaluate the treatment 

92 outcomes and long-term survival after therapy completion in a real-life setting using nationwide data 

93 from the Croatian national registry of patients with NTM isolates. 
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94 METHODS

95 We conducted a retrospective cohort study on all Croatian residents with NTM isolated from 

96 respiratory samples in the period from January 1st 2006 to December 31st 2015 with follow-up up to 

97 December 31st 2020. The study was approved by the Ethics Committee of the Croatian Institute of 

98 Public Health (CIPH; file number 001-487/1-10 and 381-15-21-2). All NTM isolates were identified at 

99 the National Reference Mycobacteria Laboratory (NRML) at CIPH as previously described. 10,11

100 Clinical, radiological, treatment and outcome data were extracted from the national NTM registry 

101 which includes all Croatian residents with NTM isolates from 2005 onwards.

102 An NTM isolation episode was defined as one or more NTM isolates from a single person. In cases of 

103 multiple species found within the same episode, the species considered to be underlying the disease 

104 was the one with more isolates and/or associated with more clinical importance in our setting.11 In 

105 case of a similar number of different NTM species isolates and/or species of equal importance, the 

106 episode was classified as co-infection. 

107 Definite NTM-PD and “no disease” were defined according to the ATS/IDSA guidelines.14 “Probable 

108 disease” was used if the likelihood of NTM-PD was high, but one part of the criteria was not met. 

109 Adequate NTM treatment was defined as guideline-based treatment (GBT) for at least 12 months after 

110 culture conversion; shorter duration adequate treatment as a regimen based on the guidelines but for 

111 a total duration of <12 months; TB protocol as a standard first-line regimen usually given for 

112 tuberculosis, while inadequate NTM protocol included patients given single drug regimens or unusual 

113 drug combinations. 

114 Treatment outcomes, recurrence, and reinfection were defined according to the NTM-NET consensus 

115 statement.7 Microbiological cure was assessed at the end of the adequate NTM treatment or at 12 

116 months after NTM identification in case of shorter regimens or in untreated patients. Death as an 

117 outcome was defined as death due to any reason within 12 months from NTM identification point. 

118 Deaths occurring outside this period were assessed in long-term survival calculations. Given the 

119 possibility that some untreated patients died prior to establishing NTM-PD diagnosis, curve analysis 

120 was also done after exclusion of all patients dying within 4 months of NTM isolation. Microsoft Excel 

121 (Microsoft, Redmond, WA, USA) was used to tabulate data, calculate frequencies, percentages, and 

122 median ages. The χ2, Odds ratio and Kaplan-Meier survival analysis were performed using MedCalc (v 

123 20.111, MedCalc Software, Ostend, Belgium). P values less than 0.05 were considered significant. 

Page 5 of 18



For Review Only

6

124 RESULTS

125 The NRML identified 2221 pulmonary NTM episodes. After excluding concomitant active tuberculosis, 

126 1928 episodes remained. Isolation frequency, clinical relevance of different NTM species and 

127 stratification of NTM-PD cases is shown in Table 1. 

128 Complete medical records were available for 29.1% of all NTM isolation episodes, but the percentage 

129 of evaluated records reached >55% in the case of MAC, M. xenopi, and M. kansasii, the NTM species 

130 known to be of higher clinical interest in our setting.10,11

131 Criteria for definite, probable, and no disease were met by 137 (29.1%), 31 (6.6%) and 303 (64.3%) of 

132 the 471 episodes with full medical information, respectively. The mean age of NTM-PD patients was 

133 64.1 years, 47.4% were female and COPD was the most common comorbidity (45.9%). The detailed 

134 characteristics of our cohort have been previously published (13). Out of 98 (71.5%) patients that 

135 started therapy, GBT was given in 50 (50/98=51.0%), but the recommended treatment duration was 

136 followed in only 28 (28.6%) patients. 

137 Unsuccessful treatment outcomes were recorded in 39/98 (39.8%) patients (14/98 (14.3%) deaths and 

138 25/98 (25.5%) treatment failures). Cure was achieved in 55/98 (56.1%), while four patients were lost 

139 to follow-up. In 80 patients with available follow-up data, microbiological cure was achieved in 82.8% 

140 (24/29), 64.7% (22/34), and 69.2% (9/13) finishing adequate NTM treatment, TB treatment, or short 

141 NTM treatment, respectively (Table 2). Spontaneous culture conversion occurred (SCC) in 41.2% (7/17) 

142 untreated patients. 

143 Patients with definite NTM-PD treated according to the guidelines had a higher chance of being cured 

144 (OR 3.79, 95% CI 1.29 to 11.1, z statistics =2.427, p=0.0152) compared to inadequately 

145 treated/untreated patients, regardless of radiological NTM-PD form. 

146 None of the 62 patients achieving cure on treatment or SCC experienced a recurrence within the first 

147 12 months of follow-up, but 8/62 died due to causes other than NTM-PD within the next 12 months. 

148 Nine of the 54 long-term surviving patients (16.7%) experienced a recurrence of NTM-PD within the 

149 study period, but several years (mean 32.2 months) after initial treatment completion. Four had a 

150 recurrence with the same NTM species while five had a reinfection with different NTM.  

151 Median follow up was 69.9 months (range 0.1-181.6). One-year and 5-year all-cause mortality 

152 amounted to 18.2% and 37.6%. We noticed a trend towards a higher 5-year all-cause mortality in 

153 inadequately treated (37.1%) or untreated (46.2%) patients compared to adequately treated (27.8%) 

154 patients (log-rank test p= 0.29) (Figure 1A). Median survival was 142.4 (95%CI 60.7-142.4), 94.4 (57.8-

155 120) and 67 (16.1.-101.4) months for adequately, inadequately, and untreated patients, respectively. 

156 The differences in survival were less pronounced when patients dying within 4 months of NTM isolation 

157 were excluded (log-rank test p=0.63, Figure 1B). 
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158

159 In fifteen patients receiving “short NTM treatment”, treatment was mostly intentionally ceased after 

160 reaching initial culture conversion, while two patients stopped early due to side effects. One patient 

161 soon died of another cause, one was lost to follow-up, while three experienced fast recurrence. 

162 Death occurred in 28.2% (11/39) of untreated patients. Seven died before establishing NTM-PD, one 

163 refused treatment, and in three cases NTM was dismissed as the cause of clinical worsening. Of the 

164 remaining 28 patients, four refused offered therapy, while in 18 cases physicians opted for watchful 

165 waiting. For the remaining 6 patients (2 MAC, 4 M. xenopi), the reasons remain unknown. 

166 Cure results stratified according to the species and treatment protocol are shown in Table 2. In contrast 

167 to MAC-PD, for M. xenopi PD (MX-PD) high cure rates (>80%) were achieved both with adequate NTM 

168 treatment and TB treatment (chi square p=0.579), and irrespective of radiological manifestation (Table 

169 2). Treatment was started in 35/39 (89.7%) of patients with FC radiological manifestation. Six patients 

170 (15.8%) died, while microbiological cure was achieved in 63.6% (7/11) and 83.3% (10/12) completing 

171 TB and adequate NTM treatment, respectively. Four patients not receiving therapy were all alive at 12 

172 months follow-up, but microbiological data (remained culture positive) was available in one case. 

173 Compared to FC, treatment was started in 57/85 (67%) of NB NTM-PD cases (chi square p=0.009). 

174 While six (10.5%) died, adequate NTM treatment, short NTM treatment, and TB treatment achieved 

175 microbiological cure in 82.4% (14/17), 63.6 (7/11) and 63.2% (12/19) cases, respectively. Out of 114 

176 NTM-PD with available microscopy finding, 47 (41.2%) were acid-fast bacilli (AFB) smear positive. Both 

177 FC and NB manifestations were equally represented within this subgroup. Treatment was administered 

178 in 91.5% (n=43) of AFB+ and 61.2% (n=41) of AFB- cases (chi-square p=0.0003). In adequately treated 

179 patients, cure was achieved more often in AFB- than AFB+ patients (78.6% vs. 60%, chi square p=0.28), 

180 and the same signal was observed for both MAC-PD and MX-PD (Table 3). In MX-PD treated with TB 

181 protocol, the cure rate was doubled (8/9 vs. 4/9) in smear negative patients (Table 3).

182

183 DISCUSSION

184 Our population-based study provides a “real-world” assessment of NTM-PD management with a long-

185 term follow-up. Most (77.85%) of NTM-PD patients in our cohort received antibiotic treatment, and 

186 smear positivity and FC disease likely influenced treatment initiation decision. GBT was administered 

187 in one third of the treated cases and resulted in a four-time higher chance of being cured. Interestingly, 

188 while GBT was important for the outcomes of patients with MAC-PD, FC and AFB+, we observed no 

189 clear impact of treatment regimens on cure rates of MX-PD patients and in AFB- patients. NTM-PD was 

190 mostly caused by M. xenopi and MAC, and the overall 5-year mortality amounted to 37.6%. 
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191 NTM-PD does not necessarily require treatment and understanding the nature of the disease is 

192 important for patient management.2,15 It has been shown for MAC-PD that 40-60% of patients 

193 (especially with NB manifestation) remain stable for several years after diagnosis even without 

194 treatment.16-19 In our cohort, SCC amounted to 41% but this may be influenced by the diversity of 

195 causative NTM species and the loss to follow up rate in untreated patients. In line with some other 

196 studied cohorts, SSC was 30% in the MAC-PD subgroup.19,20 Important prognostic factors related to 

197 MAC-PD progression were low BMI,16,19, 21-23 FC disease,16-19,23 extensive disease19,22 and AFB positive 

198 smears.18, 21 A study from England identified FC disease manifestation and systemic symptoms as 

199 factors associated with treatment initiation.24

200 Poor guidelines adherence (less than a third of treated patients received GBT) is concordant with the 

201 results from the literature.25-27 This non-adherence is undesirable as patients on GBT had almost a 4 

202 times higher chance of being cured compared to patients receiving any other form of therapy or no 

203 therapy, which was also shown by Abate et al.8 No difference was observed between the cure rates of 

204 FC and NB disease, which contrasts with previous observations of lower microbiological cure rates in 

205 MAC PD patients with FC disease,28, 29 but our cohort included different NTM species and not just MAC. 

206 Although not significant, cure rates were higher in adequately treated smear negative patients, and 

207 this was observed for both MAC and MX-PD. Even MX-PD patients treated with a TB protocol achieved 

208 high cure rates if smear negative (88.9 vs 44.5%, Table 4). This may be explained by differences in the 

209 bacterial load as it has been previously shown that MAC-PD patients with longer liquid culture time-

210 to-positivity (TTP; likely due to lower bacterial load) have higher chance of culture conversion.30,31 

211 Unsuccessful outcome was observed in 39.8% of treated patients. Overall, this is in concordance with 

212 the recently published study from Italy,9 but there were more deaths and treatment failures in our 

213 cohort. This is probably attributable to a greater variety in disease management (patients managed in 

214 different centers across the whole country), as compared to a cohort treated in a single, regional 

215 reference center.9 Reoccurrence rate of 16.7% is like the study from Italy9 but in contrast to a high rate 

216 (48%) of microbiological recurrence shown by Wallace et al.32 However, their cohort encompassed only 

217 NB MAC disease in a predominantly female population managed in a large single center.  

218 All these findings reveal the complexity of NTM-PD management. It is not surprising that the more 

219 severe the disease (i.e. smear positive, FC disease), the more important it is to administer adequate 

220 treatment. On the other hand, it is rather unexpected that TB treatment achieved high cure rates in 

221 MX-PD, or that different treatment protocols achieve equal cure rates in smear negative patients 

222 regardless of radiological manifestation. Based on these observations, one could argue that a portion 

223 of patients was likely over treated and would not progress or achieve culture conversion if left 

224 untreated. Still, the cure rates in all the treated subgroups were doubled in comparison to the cure 
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225 rates observed in untreated patients. Thus, one might also advocate starting with treatment earlier, 

226 when bacterial loads are still low as manifested in smear negativity, as it appears to be beneficial in 

227 terms of short-term outcomes. The lack of difference between therapy regimens’ success in the 

228 treatment of “lighter” forms of NTM-PD is hard to elucidate. It could partly be explained by the 

229 heterogeneity of our cohort and differences in NTM species’ pathogenicity, while the used guidelines 

230 mostly relied on the data derived from the studies done in MAC-PD. 

231 Also, it is surprising that M. xenopi, the second most frequently NTM species and the most common 

232 cause of NTM-PD in Croatia, seemingly has a lover clinical significance and pathogenicity in comparison 

233 to data from other countries.33,34 Only about a third of all evaluated M. xenopi isolates truly 

234 represented disease. Furthermore, compared to MAC-PD, microbiological cure seemed to be easier to 

235 achieve in MX-PD, regardless of the treatment protocol. This observation warrants further 

236 investigations, both into bacterial virulence factors as well as into bacterial factors underlying the 

237 different response to treatment. 

238 NTM-PD is associated with high morbidity and mortality.35-38 Although we didn’t find a significant 

239 difference between treated and untreated patients, similarly to the study by Abate et al,8 we observed 

240 a trend towards higher mortality in untreated/inadequately treated patients. 

241 The major strengths of our study include its real-life approach, nationwide cohort of different NTM-PD 

242 patients and 5-year follow up. It gives insight into the treatment outcomes of patients managed 

243 according to the guidelines but also those receiving inadequate treatment or no treatment. The major 

244 limitations of our study are its retrospective design, small number of patients in each subgroup, and 

245 the lack of antimicrobial susceptibility testing (since it is not performed routinely in Croatia). 

246

247 CONCLUSION

248 This nationwide retrospective cohort study confirms the heterogeneity and complexity of NTM-PD 

249 management in a real-world setting. GBT was administered in only one third of the treated cases but 

250 resulted in a four-time higher chance of being cured, mostly being driven by improved cure rates in 

251 MAC-PD, AFB+ patients and patients with FC disease. We observed no clear impact of GBT on cure 

252 rates of patients with MX-PD or in AFB- patients. Continuation of our registry, increasing the number 

253 of patients included and prolongation of follow-up could potentially shed some light at the observed 

254 differences regarding the impact of NTM species, disease severity and GBT on the outcomes and long-

255 term survival of NTM-PD patients in Croatia. 

256

Page 9 of 18



For Review Only

10

257 REFERENCES

258 1. Falkinham JO 3rd. Ecology of nontuberculous mycobacteria – where do human infections come 
259 from? Semin Respir Crit Care Med 2013; 34(1):95-102.

260 2. Daley CL, Iaccarino JM, Lange C, et al. Treatment of Nontuberculous Mycobacterial Pulmonary 
261 Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline. Clin Infect Dis. 
262 2020;71(4):e1-e36. doi: 10.1093/cid/ciaa241.

263 3. van Ingen J, Hoefsloot W, Dekhuijzen P N R, Boeree M J, van Soolingen D. The changing pattern 
264 of clinical Mycobacterium avium isolation in the Netherlands. Int J Tuberc Lung Dis 2010; 14: 
265 1176–1180. 

266 4. Andréjak C, Thomsen V Ř, Johansen I S, et al. Nontuberculous pulmonary mycobacteriosis in 
267 Denmark: incidence and prognostic factors. Am J Respir Crit Care Med 2010; 181: 514–521.

268 5. Prevots DR, Marras TK. Epidemiology of Human Pulmonary Infection with Non-tuberculous 
269 Mycobacteria: a review. Clin Chest med 2015; 36(1):13-34. 

270 6. Lange C, Böttger EC, Cambau E, et al. Consensus management recommendations for less 
271 common non-tuberculous mycobacterial pulmonary diseases [published correction appears in 
272 Lancet Infect Dis. 2022 Mar;22(3):e73]. Lancet Infect Dis. 2022;22(7):e178-e190. 
273 doi:10.1016/S1473-3099(21)00586-7

274 7. Van Ingen J, Aksamit T, Andrejak C, et al. Treatment outcome definitions in nontuberculous 
275 mycobacterial pulmonary disease: an NTM-NET consensus statement. Eur Respir J 2018;51(3). 
276 pii: 1800170. doi: 10.1183/13993003.00170-2018.

277 8. Abate G, Stapleton JT, Rouphael N, et al. Variability in the management of Adults With 
278 Pulmonary Nontuberculous Mycobacterial Disease. Clin Infect Dis. 2021;72(7):1127-1137. doi: 
279 10.1093/cid/ciaa252.

280 9. Aliberti S, Sotgiu G, Castellotti P, et al. Real-life evaluation of clinical outcomes in patients 
281 undergoing treatment for non-tuberculous mycobacterial lung disease: A ten-year cohort 
282 study. Respir Med 2020 Apr;164:105899. doi: 10.1016/j.rmed.2020.105899.

283 10. Jankovic M, Samarzija M, Sabol I, et al. Geographical distribution and clinical relevance of non-
284 tuberculous mycobacteria in Croatia. Int J Tuberc Lung Dis 2013; 17:836-41.

285 11. Jankovic M, Sabol I, Zmak L, et al. Microbiological criteria in non-tuberculous mycobacteria 
286 pulmonary disease: a tool for diagnosis and epidemiology. Int J Tuberc Lung Dis 2016;20:934-
287 40. 

288 12. Varda-Brkić D, Makek MJ, Kuliš T, Mareković I. Increasing trend of non-tuberculous 
289 mycobacteria in a Croatian hospital, 2012-2019. Int J Tuberc Lung Dis. 2023; 27(2):166-
290 168.  doi: 10.5588/ijtld.22.0504.

291 13. Glodic G, Samarzija M, Sabol I, et al. Risk factors for nontuberculous mycobacterial pulmonary 
292 disease (NTM-PD) in Croatia. Wien Klin Wochenschr. 2021 Nov;133(21-22):1195-1200. doi: 
293 10.1007/s00508-021-01923-x.

294 14. Griffith D E, Aksamit T, Brown-Elliott B A, et al. ATS Mycobacterial Disease Subcommittee; 
295 American Thoracic Society; Infectious Diseases Society of America. An official ATS/IDSA 
296 statement: diagnosis, treatment, and prevention of nontuberculous mycobacterial diseases. 
297 Am J Respir Crit Care Med 2007; 175: 367–416.
298 15. Haworth CS, Banks J, Capstick T, et al. British Thoracic Society guidelines for the management 
299 of non-tuberculous mycobacterial pulmonary disease (NTM-PD). Thorax 2017; 72:iii1–ii64. 
300 doi:10.1136/thoraxjnl-2017-210927

Page 10 of 18



For Review Only

11

301 16. Kitada S, Uenami T, Yoshimura K, Tateishi Y, Miki K, Miki M, et al. Long-term radiographic 
302 outcome of nodular bronchiectatic Mycobacterium avium complex pulmonary disease. Int J 
303 Tuberc Lung Dis 2012; 16:660–664. 

304 17. Lee G, Lee KS, Moon JW, Koh WJ, Jeong BH, Jeong YJ, et al. Nodular bronchiectatic 
305 Mycobacterium avium complex pulmonary disease: natural course on serial computed 
306 tomographic scans. Ann Am Thorac Soc 2013; 10:299–306.

307 18. Koh WJ, Jeong BH, Jeon K, Lee NY, Lee KS, Woo SY, et al. Clinical significance of the 
308 differentiation between Mycobacterium avium and Mycobacterium intracellulare in M avium 
309 complex lung disease. Chest 2012; 142:1482–1488.

310 19. Hwang JA, Kim S, Jo KW, Shim TS. Natural history of Mycobacterium avium complex lung 
311 disease in untreated patients with stable course. Eur Respir J 2017; 49:1600537.

312 20. Henkle E, Novosad SA, Shafer S, Hedberg K, Siegel SAR, Ku J, et al. Long-term outcomes in a 
313 population-based cohort with respiratory nontuberculous mycobacteria isolation. Ann Am 
314 Thorac Soc 2017; 14:1120–1128.

315 21. Pan SW, Shu CC, Feng JY, Wang JY, Chan YJ, Yu CJ, et al. Microbiological persistence in patients 
316 with Mycobacterium avium complex lung disease: the predictors and the Impact on 
317 radiographic progression.Clin Infect Dis 2017;65:927–934.

318 22. Kim SJ, Park J, Lee H, Lee YJ, Park JS, Cho YJ, et al. Risk factors for deterioration of nodular 
319 bronchiectatic Mycobacterium avium complex lung disease. Int J Tuberc Lung Dis 2014; 
320 18:730–736.

321 23. Kim SJ, Yoon SH, Choi SM, Lee J, Lee CH, Han SK, et al. Characteristics associated with 
322 progression in patients with of nontuberculous mycobacterial lung disease: a prospective 
323 cohort study. BMC Pulm Med 2017; 17:5.

324 24. Rawson TM, Abbara A, Kranzer K, et al. Factors which influence treatment initiation for 
325 pulmonary non-tuberculous mycobacterium infection in HIV negative patients; a multicenter 
326 observational study. Respir Med 2016 Nov; 120:101-108. doi: 10.1016/j.rmed.2016.10.001

327 25. Adjemian J, Prevots DR, Gallagher J, Heap K, Gupta R, Griffith D. Lack of adherence to evidence-
328 based treatment guidelines for nontuberculous mycobacterial lung disease. Ann Am Thorac 
329 Soc 2014; 11:9–16.

330 26. van Ingen J, Wagner D, Gallagher J, Morimoto K, Lange C, Haworth CS, et al. Poor adherence 
331 to management guidelines in nontuberculous mycobacterial pulmonary diseases. Eur Respir J 
332 2017; 49:1601855.

333 27. Ricotta EE, Olivier KN, Lai YL, Prevots DR, Adjemian J. Hospital-based antibiotic use in patients 
334 with Mycobacterium avium complex. ERJ Open Res. 2018 Nov 2;4(4). pii: 00109-2018. doi: 
335 10.1183/23120541.00109-2018

336 28. Zweijpfenning S, Kops S, Magis-Escurra C, Boeree MJ, van Ingen J, Hoefsloot W. Treatment 
337 outcome of non-tuberculous mycobacterial pulmonary disease in a predominantly fibro-
338 cavitary disease cohort. Respir Med 2017;131:220-224. doi: 10.1016/j.rmed.2017.08.031. 

339 29. Koh WJ, Moon SM, Kim SY, et al. Outcomes of Mycobacterium avium complex lung disease 
340 based on clinical phenotype. Eur Respir J 2017; 0:1602503; DOI: 10.1183/13993003.02503-
341 2016.

342 30. Mingora CM, Garcia BA, Mange KC, et al. Time-to-positivity of Mycobacterium avium complex 
343 in broth culture associates with culture conversion. BMC Infect Dis 22, 246 (2022). 
344 https://doi.org/10.1186/s12879-022-07250-4

Page 11 of 18



For Review Only

12

345 31. Danho R, Schildkraut JA, Zweijpfenning SMH, et al. Mycobacterium Growth Indicator Tube 
346 Time-To-Positivity Can Serve As an Early Biomarker of treatment response in mycobacterium 
347 avium Complex Pulmonary Disease. Chest 2022; 370-2. 

348 32. Wallace RJ Jr, Brown-Elliot BA, McNulty S, et al. Macrolide/Azalide Therapy for 
349 Nodular/Bronchiectatic  Mycobacterium avium Complex Lung Disease. Chest 2014; 146(2): 
350 276-282.

351 33. van Ingen J, Bendien SA, de Lange WC, et al. Clinical relevance of non-tuberculous 
352 mycobacteria isolated in the Nijmegen-Arnhem region, The Netherlands. Thorax. 
353 2009;64(6):502-6. doi: 10.1136/thx.2008.110957.

354 34. Andrejak C, Lescure FX, Pukenyte E et al. Mycobacterium xenopi pulmonary infections: a 
355 multicentric retrospective study of 136 cases in North-East France. Thorax 2009; 64: 291–6.

356 35. Morimoto K, Iwai K, Uchimura K, et al. A steady increase in nontuberculous mycobacteriosis 
357 mortality and estimated prevalence in Japan. Ann Am Thorac Soc 2014; 11:1-8. 

358 36. Marras TK, Campitelli MA, Hannan Chung HL, et al. Pulmonary Nontuberculous Mycobacteria-
359 Associated Deaths, Ontario, Canada, 2001-2013. Emerg Infect Dis 2017;23(3):468-476. doi: 
360 10.3201/eid2303.161927 

361 37. Marras TK, Vinnard C, Zhang Q, et al. Relative risk of all-cause mortality in patients with 
362 nontuberculous mycobacterial lung disease in a US managed care population. Respir Med. 
363 2018; 145:80-88. doi: 10.1016/j.rmed.2018.10.022. 

364 38. Diel R, Lipman M, Hoefsloot W. High mortality in patients with Mycobacterium avium complex 
365 lung disease: a systematic review. BMC Infect Dis 2018; 18(1):206. doi: 10.1186/s12879-018-
366 3113-x.

367
368

369

370

Page 12 of 18

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bendien%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=19213773
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Lange%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=19213773


For Review Only

13

Table 1. Nontuberculous mycobacteria isolation frequency, clinical relevance (according to the percentage of isolates meeting the diagnostic criteria for 
NTM pulmonary disease) in Croatia, and stratification of NTM pulmonary disease cases according to gender and radiological manifestation 

Definite NTM-PD cases
Gender Radiological manifestationNTM

Medical records 
evaluated / total 

isolation episodes (%) 

Definite NTM-PD 
(according to the 
ATS/IDSA criteria); n (%) M (%) F (%) FC (%) NB (%) Other (%)

M. gordonae 91/822 (11.1) 2 (2.2) 1 (50) 1 (50) 1 (49) 1 (51) 0 (0)
M. xenopi 166/296 (56.1) 55 (33.1) 33 (60) 22 (40) 17 (30.3) 35 (66) 3 (3.7)
M. fortuitum 57/220 (25.9) 2 (3.5) 2 (100) 0 (0) 0 (0) 2 (100) 0 (0)
M. terrae 7/128 (5.5) 0 (0) - - - - -
MAC 81/127 (63.8) 54 (66.7) 24 (44.4) 30 (55.6) 13 (23.4) 37 (66.7) 4 (9.9)

M. avium 45/70 (64.3) 32 (71.1) 14 (43.8) 18 (56.3) 6 (17.9) 24 (76.1) 2 (6)
M. intracellulare 30/47 (63.8) 20 (66.7) 8 (40) 12 (60) 7 (37.2) 11 (44.5) 2 (18.3)
M. chimaera** 6/7 (85.7) 2 (33.3) 2 (100) 0 (0) 0 (0) 2 (100) 0 (0)
MAC-undetermined 0/3 (0) 0 (0) - - - - -

M. chelonae 15/95 (15.8) 0 (0) - - - - -
M. abscessus 14/43 (32.6) 6 (42.9) 1 (16.7) 5 (83.3) 1 (9.2) 4 (87.5) 1 (3.3)
M. kansasii 14/24 (58.3) 8 (57.1) 6 (75) 2 (25) 2 (20.7) 5 (64) 1 (15.3)
Other* 26/173 (15) 10 (38.5) 5 (50) 5 (50) 5 (65.7) 5 (34.3) 0 (0)
Total 471/1928 (24.4) 137 (29.1) 72 (52.6) 65 (47.4) 39 (28.9) 89 (64.8) 9 (6.4)

ATS/IDSA – American Thoracic Society/Infectious Diseases Society of America, MAC – Mycobacterium avium complex; NTM – nontuberculous mycobacteria; NTM-PD - 
nontuberculous mycobacterial pulmonary disease

* Two patients had co-infection with two different NTM species – one with M. avium and M. xenopi and other with M. xenopi + M. kansasii

** Identification of M. chimaera was available only for 23 M. intracellulare isolates from the year 2013 till the end of study period.
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Table 2. Treatment outcomes of nontuberculous mycobacterial pulmonary disease (NTM-PD) cases, stratified according to the causative species and 
administered treatment

NTM species M. xenopi (by radiological 
manifestation)

MAC (by radiological 
manifestation)

Administere
d treatment Outcome

M. 
xenopi 
(n=55) FC 

(n=17)
NB 

(n=35)
Other 
(n=3)

MAC 
(n=54) FC 

(n=13)
NB 

(n=37) Other (n=4)

M. 
kansasii 

(n=8)

Other 
(n=20)

Total 
(n=137)

Treated (n) 20 7 12 1 10 4 5 1 5 8 43
Death <12 months (n) 5 3 2 0 3 2 0 1 0 1 9

Lost to follow-up 0 0 0 0 0 0 0 0 0 0 0
TB 

treatment
Microbiological cure* 12/15 4/4 7/10 1/1 2/7 1/2 1/5 0/0 4/5 4/7 22/34

 

Treated (n) 11 6 5 0 17 6 11 0 1 6 35
Death <12 months (n) 1 1 0 0 2 0 2 0 0 1 4

Lost to follow-up 1 0 1 0 0 0 0 0 0 1 2

Adequate 
NTM 

treatment
Microbiological cure* 8/9 5/5 3/4 0/0 12/15 4/6 8/9 0/0 1/1 3/4 24/29

 

Treated (n) 4 1 3 0 10 2 8 0 0 1 15
Death <12 months (n) 0 0 0 0 1 0 1 0 0 0 1

Lost to follow-up 0 0 0 0 1 0 1 0 0 0 1
Short NTM 
treatment

Microbiological cure* 3/4 1/1 2/3 0/0 6/8 1/2 5/6 0/0 0/0 0/1 9/13
             

Treated (n) 0 0 0 0 2 0 2 0 0 3 5
Death <12 months (n) 0 0 0 0 0 0 0 0 0 0 0

Lost to follow-up 0 0 0 0 1 0 1 0 0 0 1

Inadequate 
NTM 

treatment
Microbiological cure* 0/0 0/0 0/0 0/0 0/1 0/0 0/1 0/0 0/0 0/3 0/4

 

Total (n) 20 3 15 2 15 1 11 3 2 2 39
Death <12 months(n) 8 0 7 1 3 0 1 2 0 0 11

Lost to follow-up 7 3 3 1 2 0 1 1 1 1 11
No 

treatment
Culture conversion** 3/5 0/0 3/5 0/0 3/10 0/1 3/9 0/0 1/1 0/1 7/17

FC – fibro-cavitary; MAC – Mycobacterium avium complex; NB – nodular-bronchiectatic; NTM – nontuberculous mycobacteria; NTM-PD – NTM pulmonary disease; TB 
treatment – regimen usually administered for drug-sensitive tuberculosis; NTM treatment – guidelines based treatment in the duration of > 12 months after culture 
conversion; short NTM treatment - guidelines based treatment in the duration of < 12 months after culture conversion; death – death within the 12 months of NTM 
identification; * - finding multiple consecutive negative cultures from respiratory samples after culture conversion and until the end of treatment; **- multiple negative 
cultures from respiratory samples in untreated patients with available microbiological follow-up at 12 months after initial NTM identification; 
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Table 3 Treatment outcomes according to the causative NTM species, administered treatment, and 
smear result.

Smear status Cure Treatment failure Death

AFB + (15) 9/15 (60%) 3/15 (20%) 3/15 (20%)All adequately treated 

NTM-PD (n=35; 29/35 have 

known smear status) AFB – (n=14) 11/14 (78.6%) 2/14 (14.3%) 1/14 (7.1%)

AFB + (n=7) 4/7 (57.1%) 2/7 (28.6%) 1/7 (14.3%)Adequately treated MAC-

PD (n=17; 16/17 have 

known smear status) AFB - (n=9) 7/9 (77.8%) 1/9 (11.1%) 1/9 (11.1%)

AFB + (n=5) 3/5 (60%) 1/5 (20%) 1/5 (20%)Adequately treated MX-PD 

(n=11; 9/11 have known 

smear status
AFB – (n=4) 4/4 (100%) n.a. n.a.

AFB + (n=9) 4/9 (44.5%) 3/9 (33.3%) 2/9 (22.2%)MX-PD treated with TB 

protocol (n=20, 18/20 have 

known smear status) AFB – (n=9) 8/9 (88.9%) 0 1/9 (11.1%)

AFB – acid fast bacilli; MAC-PD – pulmonary disease caused by Mycobacterium avium complex; MX-PD 
– pulmonary disease caused by Mycobacterium xenopi; NTM – nontuberculous mycobacteria; TB - 
tuberculosis
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FIGURE LEGENDS

Figure 1. All-cause mortality in patients with definite NTM-PD stratified according to the administered 

therapy. 

A) all NTM-PD patients with follow-up information included (n=134); B) patients who died within 4 months of 

NTM identification are excluded from all three groups (included n=118); Adequate arm includes all patients that 

received adequate NTM treatment in duration >12 months after becoming culture negative, as well as those that 

died within the first 12 months of NTM therapy. Inadequate arm consists of patients receiving short adequate 

NTM regimen (<12 months), TB regimen or inadequate NTM regimen (i.e. monotherapy) 
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Figure 1. All-cause mortality in patients with definite NTM-PD stratified according to the administered 

therapy. 

A) all NTM-PD patients with follow-up information included (n=134); B) patients who died within 4 months of 

NTM identification are excluded from all three groups (included n=118); Adequate arm includes all patients that 

received adequate NTM treatment in duration >12 months after becoming culture negative, as well as those 

that died within the first 12 months of NTM therapy. Inadequate arm consists of patients receiving short 

adequate NTM regimen (<12 months), TB regimen or inadequate NTM regimen (i.e. monotherapy) 
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