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        Abstract



        
          Background:


          Exposure to toxic materials predisposes the lungs to infectious agents and inflammatory responses. The present study was performed on patients with anthracosis caused by exposure to fossil fuels in previous years, and histopathological features of airways’ normal-appearing tissue were compared with histopathological features of anthracotic plaques in these patients.

        


        
          Methods:


          Bronchoscopic evaluations were performed on bakery workers who were directly in contact with fossil fuels. Samples were taken from anthracotic plaques (Group A) or seemingly intact tissues at their periphery (Group B). Pathological evaluations were done after hematoxylin and eosin staining. Then, microbiological cultures were performed for the diagnosis of Mycobacterium tuberculosis. Data obtained from bronchoscopy, pathology, and cultures were compared between anthracotic and normal-appearing peripheral tissues using chi-square and analysis of variances (ANOVA) at a 95% confidence level.

        


        
          Results:


          Sixty-eight patients were diagnosed with anthracotic plaques. The mean ± SD of the patients’ age was 72.12 ± 13.74 years. Females comprised 58.8% of the sample, and 85.3% of the patients were Iranian. The frequency rates of disseminated plaques and obstructive types were 86.8% and 48.5%, respectively. Ten patients (14.70%) were diagnosed with tuberculosis, and 4.41% (3 of 68) had granuloma, which was detectable only in samples gathered from Group A. Fibrosis was more common in Group A (10.3%, p = 0.03), and most of the evaluated samples in both groups exhibited inflammatory features.

        


        
          Conclusion:


          Inflammatory changes and tissue damage can be seen in anthracotic plaques and the surrounding normal-appearing tissue, even after removing the triggering factors. So, it is suggested to take a biopsy from seemingly intact tissue at the periphery of the anthracotic plaque when a biopsy is needed in a patient with anthracosis to reduce the risk of bleeding. Besides, medical treatment should be done to control inflammation.
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      1. INTRODUCTION


      The term ‘anthracosis’ was coined in 1813 by Pearson to refer to a condition characterized by the pigmentation of the lung tissue. It is considered an occupational disease mostly observed in coal miners [1]. While disease signs are primarily present in lung tissue, it also affects other organs such as the esophagus, liver, and spleen [2-4]. The prevalence of anthracosis is roughly estimated to be between 3.4% and 21%, based on data available on patients who had to undergo bronchoscopy for other causes of pulmonary diseases [2, 5]. Exposure to dust particles from different sources, including coal, tile, mica, silica, aluminum, and silicon, and biomass smoke, has been proposed to be involved in the etiology of anthracosis. Quartz and iron deposits are the most etiological plaques found in the bronchial lumen of patients suffering from anthracosis [6-8]. Studies have shown that tuberculosis (TB) is significantly more frequent in patients with anthracosis [8-14]. Anthracosis’s histopathologic features include anthracotic nodules with black pigmentation (carbon-like particles) in macrophage cytoplasm, reactive hyperplasia, and submucosal fibrosis. In TB-associated anthracosis, granulomas may also be seen [2, 15].


      The main clinical manifestations of anthracosis include cough and dyspnea. During the physical examination of the lungs, patients will usually show wheezing, rales, or decreased breathing sounds on auscultation, even though some patients may have a normal physical examination. Furthermore, spirometry is unreliable in diagnosing the condition as it bears no association with the severity of clinical findings [8, 16-19]. Radiological assessment, especially a computerized tomography (CT) scan, is more accurate than other techniques for differential diagnosis of anthracosis, and it is so helpful to detect mediastinal or hilar lymphadenopathy with/without lymph node calcification, bronchial stenosis (unilateral or bilateral), atelectasis, and mass lesions [20-22]. However, the standard gold method for diagnosing anthracosis is bronchoscopy, which can clarify the presence of black discoloration in bronchi mucosa.


      Biopsy sampling from the plaque mucosa is complex and commonly accompanied by bleeding [16, 23, 24]. Moreover, phenomena, such as bronchial narrowing, swelling with infiltration, or obstruction can be identified during bronchoscopy. Treatment of anthracosis includes conservative and anti-inflammatory medications. However, in the case of TB-associated anthracosis, anti-TB drugs are also prescribed. For cases of severe obstruction, bronchial stents may be used [2, 22, 23, 25].


      In the bronchoscopic examination of anthracotic patients, normal-appearing tissues are usually not appropriately examined. Accordingly, biopsies from anthracotic plaques can be replaced by biopsies from normal-appearing tissues, thus reducing the risk of bleeding during bronchoscopy. In the current study, the histopathological features of biopsy samples taken from bronchial anthracotic plaques were compared with histopathological features of peripheral normal-appearing tissue. We hypothesized that there is no significant difference between biopsies taken from these two locations.

    


    
      

      2. METHODS


      
        

        2.1. Study Design and Participants


        This cross-sectional study included the patients referred to Yazd Shahid Sadoughi Hospital from 2013 to 2016. Inclusion criteria included the retired bakery workers and the patients who contacted fossil fuels, but they have not contacted them for five years. To ensure that contact with fossil fuels is stopped, patients’ working and living conditions, especially heating devices, were questioned, and a 5-year period away from exposure was considered one of the inclusion criteria. Moreover, the bronchoscopy indications in these patients were respiratory problems such as chronic cough, dyspnea, and others, with a negative result of sputum smear and culture for TB and a negative CT scan for malignancy. Also, patients were excluded with active inflammatory, infectious disease, known tuberculosis, smoking history, or employment history in particular occupations such as digging wells and mining. The study protocol was approved by the ethics committee of the Shahid Sadoughi University of Medical Science, and written informed consent was obtained from all participants for using their physical examination, medical history, and hospital records in this study.

      


      
        

        2.2. Bronchoscopy and Biopsy Sampling


        We performed bronchoscopy (OLYMPUS, CV-260SL) for each patient, and six tissue biopsies were taken from two separate locations: 3 from anthracotic plaques (Group A) and three from seemingly intact tissues at the periphery of the lesions (Group B). They were put into two separate solutions containing formalin denomination and randomly labeled samples as groups 1 and 2. The samples underwent fixation, embedding, sectioning, and staining with hematoxylin and eosin. Then, they were given to an independent pathologist for evaluation who was not aware of randomization. Samples were also sent to the clinical laboratory to test tuberculosis according to the standard operating procedures for Mycobacterium tuberculosis (M. tb) detection. Furthermore, bronchoalveolar lavage (BAL) fluid from involved bronchi was collected for cytology study and M. tb smear and culture.

      


      
        

        2.3. Study Variables


        The study variables included patients demographics (age, gender, and nationality), bronchoscopic findings (bronchial obstruction and plaque spreading [localized or disseminated unilaterally/bilaterally]), histopathological features (presence of acute or chronic inflammation, fibrosis, granulomatosis, metaplasia, dysplasia, neoplastic cells), and the results of smear and culture tests on BAL fluid and bronchial tissues. Inflammation was categorized as mild (10-20 cells/hpf), moderate (20-50 cells/hpf) and severe (more than 50 inflammatory cells/hpf).

      


      
        

        2.4. Data Analysis


        The data were analyzed using SPSS statistical software (version 20, Chicago, IL, USA). We used descriptive statistics to assess the frequency of variables, the chi-squared test, the Fisher’s exact test, or ANOVA for comparing groups. P-values less than 0.05 were considered statistically significant. The patients who had active bleeding or provided inadequate specimens were excluded from the study.

      

    


    
      

      3. RESULTS


      Sixty-eight patients with anthracotic plaques were included in the study. The patients’ demographic data are presented in Table 1. The mean ± SD age of the subjects was 72.12 ± 13.74 years. The majority of patients were female (58.8%) and Iranian (85.3%). Most patients had disseminated plaques (86.8%), and obstructive plaques were evident in 48.5% of cases. The numbers of tuberculosis cases diagnosed using various tests are provided in Table 2. In total, ten patients (14.70%) were reported with positive tuberculosis on BAL smear, BAL culture, tissue biopsy smear, tissue biopsy culture, or by the presence of granuloma in pathologic evaluations. Granuloma lesions were present in 4.41% (3 of 68) and were only seen in Group A samples. In one case of granuloma lesion, microbiological tests of lavage and biopsy samples were negative.


      
        Table 1 Characteristics of patients with anthracosis (n = 68).


        
          
            
              	Age, Mean ± SD (Range), y

              	

              	72.12 ± 13.74 (23-91)
            


            
              	Sex frequency (%)

              	Female

              	40 (58.8%)
            


            
              	Male

              	28 (41.2%)
            


            
              	Nationality frequency (%)

              	Iranian

              	58 (85.3%)
            


            
              	Non-Iranian

              	10 (14.7%)
            


            
              	Plaque frequency (%)

              	Localized

              	9 (13.2%)
            


            
              	Disseminated

              	59 (86.8%)
            


            
              	Obstruction frequency (%)

              	Yes

              	33 (48.5%)
            


            
              	No

              	35 (51.5%)
            

          
        


      



      
        Table 2 Tuberculosis status in patients with anthracotic plaque (n = 68).


        
          
            
              	Diagnostic Tools

              	n (%)
            

          

          
            
              	BAL Smear

              	5 (7.35%)
            


            
              	BAL culture

              	7 (10.3%)
            


            
              	Bx smear

              	5 (7.35%)
            


            
              	Bx culture

              	8 (11.76%)
            


            
              	Total

              	10 (14.70%)
            

          
        


        
          BAL: Bronchoalveolar lavage
        


      


      The microbiological test results of biopsy samples for Mycobacterium tuberculosis were almost similar comparing Group A and Group B. In all cases, cultures showed a greater diagnostic value compared to smears, and tissue samples (smear or culture), which proved to have a greater diagnostic value compared to BAL fluid (smear or culture).


      When biopsy samples from different locations were assessed, fibrosis was more common in Group A than Group B (10.3% vs. 1.5%, p = 0.03). Acute inflammation was observed in 97.1% of the samples from Group A and 95.6% of Group B. More than 90% of samples from either group indicated mild acute inflammation, with no significant difference in their frequencies. Metaplasia was observed in both groups of samples (14.7% in Group A vs. 11.8% in Group B, p = 0.68). Dysplasia was not observed in any samples, and malignancy was observed in only one sample of Group A (Table 3). After adjusting for the presence of obstruction and status of plaques (localized or disseminated), more severe cases of inflammation were seen in patients with bronchial obstruction and disseminated anthracosis. However, there were no significant differences between the two sample groups regarding the markers of the inflammation severity (Tables S1 and S2).

    


    
      

      4. DISCUSSION


      This study aimed to compare the histopathological features of anthracotic plaques with normal-appearing tissue in patients with anthracosis. We observed that the infiltration of inflammatory cells was similar in anthracotic plaques and normal-appearing tissue (Fig. 1A, B and C). Anthracosis widely involves the lungs and progresses over time. Sandoval et al. evaluated 30 patients with pulmonary arterial hypertension and cor-pulmonale who had a long history of exposure to domestic wood smoke. Of them, 22 consented to undergo bronchoscopy, which revealed dark areas in their airways, fibrosis, and acute and chronic inflammation at the basal membrane and submucosa manifesting plasma cell and lymphocyte infiltration [26]. These findings confirm the presence of active inflammatory responses, which were evident in our work in both groups of tissue samples.


      [image: ]
Fig. (1)

      Histologic view of anthracosis-involved tissues (A: ×100 and B: ×400) compared with a normal periphery (C: ×400). Staining method was H&E; Infiltration of inflammatory cells (blue colored cells) is evident for both anthracotic plaques and normal tissue. Black pigmentation is representative for anthracosis.

      
        Table 3 Histopathological comparison of biopsies taken from anthracotic plaques (Group A) and normal-appearing tissue (Group B).


        
          
            
              	Pathological Finding

              	Group A (n = 68)

              	Group B (n = 68)

              	P Value
            

          

          
            
              	Fibrosis

              	7 (10.3%)

              	1 (1.5%)

              	0.03
            


            
              	Granuloma

              	3 (4.4%)

              	0 (0.0%)

              	NA
            


            
              	Acute inflammation

              Mild

              Moderate

              Severe

              	66 (97.1%)

              	65 (95.6%)

              	0.368
            


            
              	63 (92.6%)

              	62 (91.2%)
            


            
              	1 (1.5%)

              	2 (2.9%)
            


            
              	2 (2.9%)

              	1 (1.5%)
            


            
              	Chronic inflammation

              Mild

              Moderate

              Severe

              	68 (100%)

              	65 (96.6%)

              	NA
            


            
              	64 (94.1%)

              	61 (89.7%)
            


            
              	2 (2.9%)

              	3 (4.4%)
            


            
              	2 (2.9%)

              	1 (1.5%)
            


            
              	Metaplasia

              	10 (14.7%)

              	8 (11.8%)

              	0.687
            


            
              	Dysplasia

              	0 (0.0%)

              	0 (0.0%)

              	NA
            


            
              	Malignancy

              	1 (1.5%)

              	0 (0.0%)

              	NA
            

          
        


      


      Amoli reported ten patients with respiratory symptoms and abnormal respiratory tests with a history of working in a bakery. The patients underwent bronchoscopy and black areas as anthracotic plaques revealed histopathological changes. Infiltration of inflammatory cells such as lymphocytes, plasma cells, and neutrophils was evident in pathologic assessments [27]. Berkheiser examined 1758 autopsies, diagnosed lung anthracosis in 47 patients, and reported that 18 patients with different atypia had metaplasia. The lesions included benign adenomatous proliferation, benign squamous and focal basal cell metaplasia, atypical squamous and focal basal cell metaplasia, and atypical adenomatosis [28]. In the current investigation, metaplasia was observed on both anthracotic and normal-appearing samples in a few cases.


      In some studies, researchers suggest a significant association between pulmonary adenocarcinoma and the severity of anthracosis. Patients with anthracotic plaques tend to be in contact with chemicals such as polycyclic aromatic hydrocarbons. It is believed that patients with adenocarcinoma who also have severe anthracosis may have a poor prognosis [29-31]. Amoli studied a group of Iranian patients with pulmonary lesions and found two neoplastic patients who also had anthracosis [15]. Kim et al. reported 15 patients (4.9%) with lung cancer and 5 with adenocarcinoma [32]. In our study, only one patient was diagnosed with adenocarcinoma in the anthracotic area, and there is no relationship between malignancy and anthracosis.


      Some studies emphasize the increased risk of tuberculosis in patients with bronchial anthracotic plaques [8-11, 13, 14]. We found a 14.7% frequency rate for tuberculosis in the current study. Fekri et al. showed a 2.6-fold increased chance of tuberculosis in patients with anthracosis [10]. Pazoki et al. found 42 out of 152 (27.6%) bronchial anthracosis patients with pulmonary tuberculosis in their study [13]. Another study reported that 57.8% of anthracotic patients had pulmonary tuberculosis, while only 10.7% of non-anthracotic patients had tuberculosis [11]. In our previous work, 16.4% of patients with anthracosis were also diagnosed with tuberculosis, significantly higher than the control group [14]. Kim et al. evaluated 333 patients with bronchial anthracosis plaques and discovered that 113 of them also had active tuberculosis [32]. The rate of tuberculosis is highly different among reports obtained from different cities in Iran and other parts of the world. It is mainly due to the variability in the type of material patients had been exposed to and the degree of exposure to such materials. Furthermore, predisposing risk factors may differ from one part to another part of the country.


      Some studies have suggested that aging and inhaling toxic wood smoke are associated with immune system suppression [32, 33]. Mirsadraei et al. reported that the prevalence rates of TB in patients with bronchial anthracofibrosis and anthracosis were 22.5% and 32.5%, respectively [12]. We found 14.70% of the anthracotic patients to have TB in the present study, which is similar to our previous study [14]. Chung and colleagues evaluated 28 patients undergoing bronchoscopy and found that 22 of them had obstruction or stenosis, and 17 (60%) had active tuberculosis. Thus, they considered TB infection a contributing factor to fibrosis resulting in stenosis [23]. Our study confirmed this claim by finding a significant association between a positive smear of BAL fluid and obstruction. Kim et al. noticed stenosis as one of the most frequent bronchoscopic findings in anthracotic patients: 308 patients (92.5%) had stenosis at least in one part of the bronchial tree, and 232 patients (69.1%) had narrowing at more than one part [32].


      Since anthracosis is not a very common condition, much of the literature on this condition is in the form of case reports. In a case report done by Aujayeb et al., anthracofibrosis was diagnosed in an 82-year-old woman who had no history of exposure to predisposing factors such as smoking, except for previous involvement with purulent bronchitis and hemoptysis. They reported that TB culture and acid-fast bacilli staining were negative for this patient. Although antituberculosis chemotherapy was started for this patient, paraclinical findings did not confirm TB. However, the patient was well on the follow-up, and no change was observed in paraclinical findings, including the radiological appearance, in addition to clinical status [34]. Similar negative results for TB smear and culture were observed in our study. The negative results from both studies and other reports by other investigators indicate that the main cause of anthracosis may not be an infection. Immunological responses to inflammation due to the deposition of foreign bodies in the respiratory system could be the leading cause of radiologic and histologic findings for anthracosis.


      In the current study, in addition to the presence of anthracosis and its extent in the airways, we evaluated the presence and type of inflammatory cells in the bronchial epithelium and histological evidence of malignant cells and Mycobacterium tuberculosis. Interpretation of the results indicates that despite the cessation of contact with fossil fuels, the process of inflammation in the bronchi continues. This process is seen at the site of anthracosis plaques and in adjacent areas, perhaps leading to deformities in bronchi and increased risk of infection with Mycobacterium tuberculosis. It can also cause metaplasia changes in epithelial cells due to the continuation of this inflammatory process. Therefore, it seems that anti-inflammatory drugs should be considered for these patients before causing irreversible complications such as deformity and obstruction of airways. In addition, periodic clinical visits should be performed, as in any chronic lung disease, and if malignancy or chronic infections such as tuberculosis are suspected, bronchoscopy should be performed.

    


    
      

      CONCLUSION


      In conclusion, anthracosis disease seems to cause an inflammatory reaction around the anthracotic plaque and throughout the airways due to the inhalation of dust particles, and this process continues even after exposure cessation. So, Firstly, it is suggested to take a biopsy from seemingly intact tissue near the anthracotic plaque when a biopsy is needed in a patient with anthracosis to reduce the risk of bleeding. Secondly, it seems that anti-inflammatory drugs should be prescribed for these patients before they lead to irreversible complications such as deformity and obstruction of airways.

    

  


  
    
      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      The study protocol was approved by the ethics committee of the Shahid Sadoughi University of Medical Science, Iran.

    


    
      HUMAN AND ANIMAL RIGHTS


      No animals were used in this research. All human research procedures were followed in accordance with the ethical standards of the committee responsible for human experimentation (institutional and national), and with the Helsinki Declaration of 1975, as revised in 2013.

    


    
      CONSENT FOR PUBLICATION


      Written informed consent was obtained from all participants.

    


    
      STANDARDS OF REPORTING


      STROBE guidelines and methodologies were followed in this study.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      All of the data in excel is available for sharing. Also, the bronchoscopic report and pathologic report is available in Shahid Sadoughi Hospital, Yazd, Iran.

    


    
      FUNDING


      None.

    


    
      CONFLICT OF INTEREST


      Mohammad Samet, Fariba Binesh, Sanaz Zand, Mohammad Rezaei Sadrabadi, and Ryan Nazemian declare that they have nothing to disclose.

    


    ACKNOWLEDGEMENTS


    The authors want to thank the staff of the Pulmonary and Pathology Department of Shahid Sadoughi Hospital for their assistance in conducting this study.


    
      SUPPLEMENTARY MATERIALS


      Supplementary material is available on the publisher’s website.


      

      

    


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Klotz O.. Pulmonary anthracosis -a community disease., Am. J. Public Health (N. Y.). 1914; 4(10): 887-916.

        [CrossRef] [PubMed]
      


      
        	[2]

        	Mirsadraee M.. Anthracosis of the lungs: etiology, clinical manifestations and diagnosis: a review., Tanaffos. 2014; 13(4): 1-13.

        [PubMed]
      


      
        	[3]

        	Vanhoenacker F.M., Van den Brande P., De Schepper A.M.. Hepatosplenic antracosilicosis: a rare cause of splenic calcifications., Eur. Radiol.. 2001; 11(7): 1184-1186.

        [CrossRef] [PubMed]
      


      
        	[4]

        	Vakharia B.M., Pietruk T., Calzada R.. Anthracosis of the esophagus., Gastrointest. Endosc.. 1990; 36(6): 615-617.

        [CrossRef] [PubMed]
      


      
        	[5]

        	Mirsadraee M., Saeedi P.. Anthracosis of lung: evaluation of potential underlying causes., J. Bronchology Interv. Pulmonol.. 2005; 12(2): 84-87.

      


      
        	[6]

        	Ohshima S.. Studies on pulmonary anthracosis. With special reference to the mineral constitution of intrapulmonary particulate pollutants in the human lung., Acta Pathol. Jpn.. 1990; 40(1): 41-49.

        [CrossRef] [PubMed]
      


      
        	[7]

        	Walker R., Parsche F., Bierbrier M., McKerrow J.H.. Tissue identification and histologic study of six lung specimens from Egyptian mummies., Am. J. Phys. Anthropol.. 1987; 72(1): 43-48.

        [CrossRef] [PubMed]
      


      
        	[8]

        	Mishra V.K., Retherford R.D., Smith K.R.. Biomass cooking fuels and prevalence of tuberculosis in India., Int. J. Infect. Dis.. 1999; 3(3): 119-129.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Baris E., Ezzati M.. Should interventions to reduce respirable pollutants be linked to tuberculosis control programmes?, BMJ. 2004; 329(7474): 1090-1093.

        [CrossRef] [PubMed]
      


      
        	[10]

        	Fekri M.S., Lashkarizadeh M.R., Kardoost A.H., et al. Bronchial anthracosis and pulmonary tuberculosis., Tanaffos. 2010; 9(2): 21-25.

      


      
        	[11]

        	Ghanei M., Aslani J., Peyman M., Asl M.A., Pirnazar O.. Bronchial anthracosis: a potent clue for diagnosis of pulmonary tuberculosis., Oman Med. J.. 2011; 26(1): 19-22.

        [CrossRef] [PubMed]
      


      
        	[12]

        	Mirsadraee M., Saffari A., Sarafraz Yazdi M., Meshkat M.. Frequency of tuberculosis in anthracosis of the lung: a systematic review., Arch. Iran Med.. 2013; 16(11): 661-664.

        [PubMed]
      


      
        	[13]

        	Pazoki M., Moazami Goodarzi H., Hashemi Taheri A., et al. Prevalence of tuberculosis in patients with anthracosis: study on 150 subjects., Arch. Iran Med.. 2012; 15(3): 128-130.

        [PubMed]
      


      
        	[14]

        	Samet M., Ayatollahi J., Aboutorabi A., Rahimian M., Shahcheraghi S.H., Mirjalili S.A.. Comparison of samples obtained from bronchoscopy of patients with and without bronchial anthracosis for investigating the prevalence of Mycobacterium tuberculosis., Germs. 2015; 5(3): 78-82.

        [CrossRef] [PubMed]
      


      
        	[15]

        	Amoli K.. Anthracotic airways disease: Report of 102 cases., Tanaffos. 2009; 8(1): 14-22.

      


      
        	[16]

        	Park I-W., Yoo C-G., Kwon O., Kim Y.W., Han S.K., Shim Y.S., Kim K.Y., Han Y.C.. Clinical study of dark-blue pigmentation in the bronchial mucosa., Tuberc. Respir. Dis. (Seoul). 1991; 38(3): 280-286.

        [CrossRef]
      


      
        	[17]

        	Kim JY, Park JS, Kang MJ, et al. Endobronchial anthracofibrosis is causally associated with toberculosis., Korean J Intern Med. 1996; 51: 351-357.

      


      
        	[18]

        	Lee H.S., Maeng J.H., Park P.G., Jang J.G., Park W., Ryu D.S., Kang G.H., Jung B.H.. Clinical features of simple bronchial anthracofibrosis which is not associated with tuberculosis., Tuberc. Respir. Dis. (Seoul). 2002; 53(5): 510-518.

        [CrossRef]
      


      
        	[19]

        	Mirsadraee M., Asnaashari A., Attaran D.. Pattern of pulmonary function test abnormalities in anthracofibrosis of the lungs., Tanaffos. 2012; 11(2): 34-37.

        [PubMed]
      


      
        	[20]

        	Kim H.Y., Im J.G., Goo J.M., Kim J.Y., Han S.K., Lee J.K., Song J.W.. Bronchial anthracofibrosis (inflammatory bronchial stenosis with anthracotic pigmentation): CT findings., Am. J. Roentgenol.. 2000; 174(2): 523-527.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Törün T, Güngör G, Özmen I, et al. Bronchial anthracostenosis in patients exposed to biomass smoke., Turkish Resp J. 2007; 8(2): 048-51.

      


      
        	[22]

        	Long R., Wong E., Barrie J.. Bronchial anthracofibrosis and tuberculosis: CT features before and after treatment., Am. J. Roentgenol.. 2005; 184(3) Suppl.: S33-S36.

        [CrossRef] [PubMed]
      


      
        	[23]

        	Chung M.P., Lee K.S., Han J., Kim H., Rhee C.H., Han Y.C., Kwon O.J.. Bronchial stenosis due to anthracofibrosis., Chest. 1998; 113(2): 344-350.

        [CrossRef] [PubMed]
      


      
        	[24]

        	Na J-O., Lim C-M., Lee S-D., Koh Y.S., Kim W.S., Kim D.S., Kim W.D., Shim T.S.. Detection of Mycobacterium tuberculosis in bronchial specimens using a polymerase chain reaction in patients with bronchial anthracofibrosis., Tuberc. Respir. Dis. (Seoul). 2002; 53(2): 161-172.

        [CrossRef]
      


      
        	[25]

        	Samet M., Rahimian M., Meshkat S., Zand S.. Evaluation of the agreement between the tissue sample and bronchoalveolar lavage (BAL) fluid in the diagnosis of tuberculosis in patients with anthracosis., Curr. Respir. Med. Rev.. 2019; 15(4): 266-271.

        [CrossRef]
      


      
        	[26]

        	Sandoval J., Salas J., Martinez-Guerra M.L., Gómez A., Martinez C., Portales A., Palomar A., Villegas M., Barrios R.. Pulmonary arterial hypertension and cor pulmonale associated with chronic domestic woodsmoke inhalation., Chest. 1993; 103(1): 12-20.

        [CrossRef] [PubMed]
      


      
        	[27]

        	Amoli K.. Bronchopulmonary complications of indoor pollution in Iranian rustic population., Acta Med. Iran.. 1994; 32(1-2): 35-41.

      


      
        	[28]

        	Berkheiser S.W.. Bronchiolar proliferation and metaplasia associated with bronchiectasis, pulmonary infarcts, and anthracosis., Cancer. 1959; 12(3): 499-508.

        [CrossRef] [PubMed]
      


      
        	[29]

        	Wang D., Minami Y., Shu Y., Konno S., Iijima T., Morishita Y., Noguchi M.. The implication of background anthracosis in the development and progression of pulmonary adenocarcinoma., Cancer Sci.. 2003; 94(8): 707-711.

        [CrossRef] [PubMed]
      


      
        	[30]

        	Hou M., Morishita Y., Iijima T., Mase K., Dai Y., Sekine S., Noguchi M.. The implication of anthracosis in the development of pulmonary adenocarcinoma., Jpn. J. Cancer Res.. 1998; 89(12): 1251-1256.

        [CrossRef] [PubMed]
      


      
        	[31]

        	Hou M., Morishita Y., Iljima T., Inadome Y., Mase K., Dai Y., Noguchi M.. DNA methylation and expression of p16(INK4A) gene in pulmonary adenocarcinoma and anthracosis in background lung., Int. J. Cancer. 1999; 84(6): 609-613.

        [CrossRef] [PubMed]
      


      
        	[32]

        	Kim Y.J., Jung C.Y., Shin H.W., Lee B.K.. Biomass smoke induced bronchial anthracofibrosis: presenting features and clinical course., Respir. Med.. 2009; 103(5): 757-765.

        [CrossRef] [PubMed]
      


      
        	[33]

        	Zelikoff J.T., Chen L.C., Cohen M.D., Schlesinger R.B.. The toxicology of inhaled woodsmoke., J. Toxicol. Environ. Health B Crit. Rev.. 2002; 5(3): 269-282.

        [CrossRef] [PubMed]
      


      
        	[34]

        	Aujayeb A., Worthy S., Stenton C.J.B.. Black lungs and tuberculosis., Breathe (Sheff.). 2012; 8(3): 247-251.

        [CrossRef]
      

    

  


  

OEBPS/Images/tormj.jpg
Inflammation Progresses to Normal Tissue in
Patients with Anthracosis after Discontinuation
of Exposure to Fossil Fuel






OEBPS/Images/e187430642203310_F1.jpg





