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電子鼻於呼吸道疾病的運用
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摘要：
    電子鼻為一奈米科技的新產物，只要由多個模擬人體嗅覺的晶片構成，並經由類神經網路的分析建構出的儀器。早期運用於食品工業中的發酵和工業污染氣體安全的監測，近年來也大量運用在人體呼吸道的疾病。荷蘭阿姆斯特丹大學附設學術醫學中心（Academic medical center, University of Amsterdam)的 P.J Sterk 教授長期致力於電子鼻於呼吸道疾病的研究，為該領域的權威。經由此次的進修，Sterk教授費心安排了一臨床試驗，主旨為孟加拉結核病患的吐氣電子鼻分析，並共同完成了「結核病患的吐氣分析研究」的文獻回顧。
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目的：
    Tuberculosis is still one of the leading cause of death in the world affecting about 1.7 million per year and 9.7 million of new case per year, among 1.1 million patients with HIV.  Due to HIV infection and drug resistance emergence, the condition got worse. The  majority of TB deaths are in the developing countries mostly in Africa and Asia. The death was almost  youth during their productive age. Biomarkers can provide much information for the individual patient or the whole cohorts in the study. They can thus indicate normal or pathogenic processes in the diagnostic tests and the  response by the intervention or drugs in the clinical trials. The biomarkers for tuberculosis diagnosis is very crucial and should point out the activity of mycobacterium in the human body (latent vs active). Currently, TB is almost diagnosed by chest X-ray, direct staining of sputum smear or culture from sputum  and more advanced polymerase chain reaction  techniques. However, all these methods suffer from their own limitations. Chest X-ray is not specific enough, a lesion in the  chest X-ray can be caused by pneumonia, abscess, cancer  and previous scar of TB. Although direct staining of sputum smear had discovered more than one century, it’s still the mainstay diagnostic test in the developing countries, but sensitivity is very low and highly dependent of technician experience.   Mycobacterium culture was the gold standard for tuberculosis in most developed countries but it spent at least 2-6 weeks to get the result. DNA assay or PCR was fast but much expensive and not accessible in the developing countries. An ideal diagnostic test should be sensitive and specific for active pulmonary TB, as well as rapid, cost-effective, non-invasive, and easy for use in developing countries. Human Mycobacterium tuberculosis infection is almost always acquired by inhalation of infected aerosol droplets, which are generated by cough of patients with active pulmonary disease. In other words, respiratory system is the only way to spread out tuberculosis and exhaled breath may be a clue for diagnosis. Due to the current technology, we know much better in the components of the exhaled breath. Here we try to review several methods currently used in the diagnosis of tuberculosis.  
過程：
    Isotope C in exhaled breath 

If we inhalation of noxious isotopically-labedled substrates into the body, the bacteria will easily be detected by breath test if there is a specific metabolic pathway. Detection of 13CO2 in exhaled breath is particularly attractive because the ratio of 13CO2 to 12CO2 may be readily measured using either mass spectrometry, or by portable infrared spectrometers. This approach had been widely employed to diagnose Helicobacter pylori infection. By drinking urea fluid with 13C, we can easily detect H. pylori by monitoring exhaled 13CO2.  M. tuberculosis also posses  an active urease , not only alkalization the micro- environment to keep survival but also for microbiologist to identification. Urease breath test had taken in the intubated rabbit which infected with tuberculosis, the result showed a rapid increase in the rate of 13CO2 formation both early in disease and prior to treatment with isoniazid
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. Following isoniazid treatment, all evaluable rabbits showed a decrease in the rate of 13CO2 formation. But it is still in the animal study and how to prevent noise signal from the urease-positive gastrointestinal tract is still considered.[image: image2.jpg]


 
Fractional exhaled NO 
Nitric oxide (NO) is an important mediator in the immune system, both in bacteriocidal and bacteriostatic process. It is  generated by the inducible form of NO synthetase (iNOS) dominant in macrophages and converted to RNI (NO2-, NO3-). NO has anti-mycobacterial effects in mice . Endogenous NO can be measured in exhaled air as fractional exhaled NO by using a chemiluminescence NO analyzer. Asthma  and viral respiratory tract infection  had showed  association with high FeNO . It’s widely applied in the monitor of the severity of asthma now. Wang et al had found the level of NO in exhaled air was higher in patients with active TB compared to control subjects2. There is no significant difference between where the exhaled air from. It’s also highly correlated with . Exhaled NO decreased with anti-TB treatment. But further studies  found no significant differences in exhaled NO in newly diagnosed tuberculosis patients compared with normal subjects, using carefully controlled sampling methods3. Idh et al  showed decreased FeNO in the TB patients instead of their HIV status, compared to the healthy control 
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.  And in HIV – TB patients, there is no correlation between the level of FeNO and sputum smear scores, Chest X-ray grade and BMI values. So further elucidation of the role in the NO for TB infection is needed. 
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Exhaled breath condensate 

When Mycobacterium was engulfed by the alveolar macrophage, it released lots of reactive oxygen species (ROS) and nitrogen intermediates (RNI), both of which can’t be decompensated in a short time. Large amouts of  hydrogen

peroxide (H2O2), which is generated by alveolar macrophages as well as type II pneumocytes in the lower respiratory tract, can evaporate from the alveolar lining fluid and can be  measured by exhaled breath condensate (EBC). Kwiatkowska et al found the level of H2O2 in EBC was significantly higher in patients with TB as compared to cigarette are healthy nonsmoker subjects 5.  But the elevation of H2O2 was also noted in the inflammation of bacteria , allergy  and autoimmune disease. It is not specific for TB. Presence of the DNA of mycobacterium in  the exhaled breath condensate may be a way to diagnosis.   It can be performed repeatedly in the same individual without discomfort or adverse events. But Jian found that the IS 6110 repetitive DNA element of M. tuberculosis is not detected in exhaled breath condensate collected from 10 patients with newly diagnosed active pulmonary tuberculosis, even all with positive Ziehl-Neelson-stained sputum smears6
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Cough-related Aerosol  
Tuberculosis was mainly transmitted from person to person  by the infected droplets or areosols which created by the patients with respiratory symptoms, such as cough. To check the Mycobacteria spices within  the aerosol seemed a good way to evaluate infectious ability.  In 2004, Fennely et al demonstrated a chamber to collect the aerosol by cough from multiple drug- resistant TB patients
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.All of  the smear and culture of sputum were positive in these 16 patients. There were only  4 (25%) of 16  getting positive Mycobacterium culture  from the aerosol.  The size distribution of infectious aerosol from these 4 patients was variable, but  90% of particle size were from 0.65 to 3.3 μm,  within the respirable ranges.  The result showed cough-related aerosol not so infectous  but also being a diagnostic tool . In normal breath of active pulmonary TB patient, Kawada et al showed there is no infectious particle in the aerosol after centrifugation or in the exhaled breath condensate8.   In 2010 , McNerney et al developed a novel device named “ Breathlyzer” which utilized immunosensor and bio-optical technology. The tube was coated with the analogus of specific  antigen (Ag85B) from  M. tuberculosis inside the inner surface 
 ADDIN REFMGR.CITE 

9
.  When infected aerosol with native tuberculosis, they will displace the analogus  causing a change in the fluorescent signal. Totally 60 patients of clinical suspicion were tested in  the  country with high TB prevalence. Among  the 31 TB positive patients  (20 smear positive and 11 smear negative ), breathlyzer test showed 23(14 in smear positive and 9 in smear negative) patients positve.  Only 6 patients out of 31 Non-TB patients got positive result. Sensivity and specificity were  48% and 80 % respectively , compared the sputum smear  as the standard test. Its low sensitiviey may from the limit of at least 50-75 colony forming unit to be detected.  The Breathalyzer test shows considerable promise as a tool to investigate shedding of M. tuberculosis in cough. The  sensitivity and specificity of the test is still need to be elucidated and  still can’t replace sputum microscopy in the lower-developed country now  although it is not invasive, cheap  and easy to use.  It is also a choice for patient’s inability of expectoration or severe  immunocompromised. 
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心得
GC/MS for  volatile compounds in Tuberculosis.

GC/MS was the abbreviation of Gas Chromography and Mass Spectrometry. It was the gold standard to detect the volatile compounds in the exhaled breath.  From 1979, distinct volatile organic compounds including C14–C26 fatty acids and their methylated and hydroxylated derivatives were found in the Mycobacteria spices by gas chromography. Oxidative stress by Mycobacterium infection would also release lots of specific volatile organic compounds (VOCs) and change the VOCs pattern in the  breath and oxidative stress serum marker were also found. In 2005 Phillips first introduced 3 steps studies in the exhaled breath of TB patients
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10
. In step 1 they analyzed the headspace air of the cultured mycobacterium media and identified 130 different kinds of VOCs from the blank cultured media.  Most of all were predominantly derivatives of benzene, naphthalene, and alkanes. In step 2, they compared the VOCs pattern in the exhaled breath from 42 suspected tuberculosis patients in the hospital  and from the 59 healthy control without any history of tuberculosis or chronic disease by GC/MS. Under multivariate analysis (Fuzzy Logic analysis), these VOCs pattern breath test can show the sensitivity 100% and specificity 100%. Finally, under the standard test of Mycobacterium culture, 23 patients were positive and 19 patients were negative.  The fuzzy logic analysis of breath showed the sensitivity   95.7%  and specificity 78.9%. They also applied further test in 226 symptomatic high-risk patients in USA, Philippines, and UK11. The VOCs pattern in these patients was similar but not totally the same as previous study.  The breath biomarkers identified active pulmonary tuberculosis with AUC (Area under control) was  0.85 (i.e. 85% overall accuracy, sensitivity = 84.0%, specificity = 64.7%) when sputum culture, microscopy, and chest radiography were either all positive or all negative. If we employed single test for reference standard test, the AUC would be 0.76 (smear microscopy), 0.68 (sputum culture), 0.66 (chest radiography) and 0.65 (clinical suspected TB).  Syhres also detected 4 specific compounds from headspace of cultured Mycobacterium species  by GC/MS in different culture medium and extraction methods12. The solid-phase micro extraction (SPME) method was used specific SPME fibers with preconcentration for 20 hours before GC/MS analysis. Methyl p-anisate and methyl nicotinate were identified  unique to M. tuberculosis and M. bovis. Both were consistently detected from all three media of Lowenstein–Jensen/Glycerol, sheep blood agar and the liquid medium). Methyl phenylacetate was detected for M. tuberculosis and M. bovis, but was also a volatile by-product of the M. avium complex. O-phenylanisole was only detected on sheep blood agar for all Mycobacteria species. They also performed the semi-quantification method to detect the concentration of each components. The lower limits of dectection after pre-concentration by selective SPME fibers for 20 hours fibers was 500 ppq(fmol).  The quantity of methyl p-anisate and methyl nicotinate was consistently in the range of 30–300 and 300–3000 ppt (pmol), when the colonies detected by the instrument. respectively. Nicotinic Acid (Niacin) plays an important role in the oxidation-reduction reactions that occur during Mycobacterial metabolism and Salicylic Acid (a possible precursor for anisate) has been shown to be essential for the iron acquisition of Mycobacteria. In further field tests in Papua New Guinea,  Syhres chose nicotinic acid as a biomarker for exhaled breath in TB patients13. Because the nicotinic acid was a polar and not a volatile compound, it can’t be detected in vivo during the early study. They hypothesized it may due to enzymatic reaction when TB grown in the culture system, different from the human tissue.  So they  derivatized the breath sample with trimethyl sulfonium hydroxide (TMSH) assuming that nicotinic acid would be converted into its methyl ester hence increase the volatility of the biomarker and subsequent absorption onto the SPME fibers. In this pilot study, 10 smear positive non-smoker patients was recruited to exhaled breath into the glass bulb and send to analyzed by GC/MS in 10 mins. In comparison with ten healthy controls (matched with age and sex), the result showed statistically significant differences between two groups. But GC/MS cost  lots of money and  couldn’t provide immediate result  for TB patients to be screened in clinics or in low-developing countries. 
建議事項
Electronic nose 

Electronic nose was an instrument made of array of chemical sensors which mimic mammalian olfactory function. With sampling of exhaled breath and its VOC-pattern , on-board analysis and discrimination of breathprints by composite nono-sensor arrays (“ breatheomics”) . This is based on pattern recognition without analyzing the individual molecular component. Electronic-nose technology provides several advantages, such as a low detection limit (5 to 0.1 ppm) , cost- and time effectiveness, easy-to-use and operator independence, in contrast to molecular or immunologically based assays and can be applied to point of care service due to portable. It had been applied in many fields, especially the disease of respiratory system. It had showed diagnostic ability in the Asthma, COPD and lung cancer. Electronic nose also had successfully identified several bacterial isolates in vitro.  The pilot study of using electronic nose to detect Mycobacterium was since 200414. Under 14 polymer sensors array and neural network system, electronic nose was successfully to discriminate M. tuberculosis, M. avium, M. scrofulaceum and Pseudomonas aeruginosa from  the headspace of  the cultured medium. The same electronic nose based on 14 polymer sensors were also used to detect  the headspace of liquid medium15.  The frozen sputum sample was partially from the patients in Zambia and partial from the WHO spiceman bank. After training of the neural network with 196 sputum samples, 134 samples were used to validate the model. The specificity and sensitivity of the described method were 91% and 89%, respectively, compared to the Mycobacterium culture as the gold standard. And it showed the lower limits of detection was 1x104 /ml.  Further field test was taken place in the Tanzania with different electronic noses to investigate the headspace of the patient’s sputum and Mycobacterium culture medium. The patient was all clinical suspected TB. Golden standard test for diagnosis was both positive or both negative in the sputum smear and Mycobacterium culture. The best result was obtained when using advanced data extraction and linear discrimination analysis. The result in both electronic noses was all about 70% in specificity, sensitivity and accuracy
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. The result was less accurately as before may due to fluctuations in humidity, the different sample headspace generations, and alternative interpretations of the statistical analysis. ENs merit further research to improve the sampling and to essentially remove the extraneous background, and develop more specific sensors and recognition system.
    From the current evidence, there is still no good exhaled breath test to replace the gold standard test in the diagnosis TB. The best result was all around 70%-80% compared to smear stain and Mycobacterium culture. Further identification of specific volatile organic compounds or breathprint in the tuberculosis patient need to be elucidated.
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