
572          Biomed Environ Sci, 2018; 31(8): 572-578 

 
*This study was supported by Chinese Anti-Tuberculosis Association [042016]. 
#Correspondence should be addressed to ZHAO Yan Lin, Tel/Fax: 86-10-58900777, E-mail: zhaoyanlin@chinatb.org; ZHANG 

Jing Bo, E-mail: zjbo@263.net 
Biographical note of the first author: LI Qiang, male, born in 1981, majoring in microbiology. 
 
 

Original Article 

Evaluation of the New Automatic Mycob.T Stainer and 
Scanner for Detecting Acid-fast Bacilli in China* 

LI Qiang1, ZHAO Yan Lin2,#, WANG Qing3, DENG Yun Feng4, BAO Xun Di3, 

YANG Hong Guo5, OU Xi Chao2, ZHAO Bing2, and ZHANG Jing Bo1,# 

1. Beijing Physical Examination Center, Beijing 100077, China; 2. National Center for Tuberculosis Control and 
Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China; 3. Anhui Provincial Chest 
Hospital, Hefei 230022, Anhui, China; 4. Shandong Provincial Chest Hospital, Jinan 250013, Shandong, China; 5. 
Linyi People’s Hospital, Linyi 276003, Shandong, China 

Abstract 

Objective  To validate the performance of Mycob. T Stainer and Scanner (MTSS) for detecting acid-fast 
bacilli (AFB). 

Methods  A total of 3,816 sputum samples from 1,515 tuberculosis (TB) suspects were tested at the 
Anhui Provincial Chest Hospital and the Linyi People’s Hospital from April-August, 2016. Each specimen 
was placed on two smear slides. One slide was stained by the ziehl-neelsen (ZN) method to be read by 
conventional microscopy (CM). The other slide was stained and scanned by MTSS. All specimens were 
decontaminated with 4% NaOH, and then inoculated into solid culture. The performance of MTSS was 
assessed. 

Results  MTSS produced higher average positivity rate (27.96%) as compared with the CM (26.83%). 
The overall sensitivity and specificity of MTSS were 78.9% and 93.9%, respectively. The sensitivity and 
specificity of CM was 77.4% and 95.0%, respectively. 

Conclusion  MTSS exhibited a favorable performance in the detection of AFB. It may be an alternative 
to CM for screening TB. 
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INTRODUCTION 

uberculosis (TB) is an infectious disease 
caused by Mycobacterium tuberculosis 
(Mycob. T). It remains one of the leading 

causes of death in developing countries, and its 
recent resurgence in both developed and developing 
countries warrants global attention. As per the  
WHO report, estimated TB cases increased from 
9-10.4 million worldwide in the recent three years[1].  

Currently, conventional smear microscopy is still 
the globally recommended screening tool for 
diagnosis of pulmonary tuberculosis in clinical 
practice; it is rapid, relatively simple, and 
inexpensive[2]. This method is particularly 
recommended in low- or middle-income regions and 
countries. It is used widely for its simple procedures 
and cheap equipment. However, conventional 
microscopy (CM) screening after ziehl-neelsen (ZN) 
staining of acid-fast bacilli (AFB) is labor intensive[3], 
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and has many shortcomings. For example, assay 
sensitivity varies greatly from laboratory to 
laboratory. A skilled laboratory technician is 
expected to spend at least 5 min to observe 100 
microscopic fields, which limits the number of slides 
that can be screened in a day[4]. It is clearly stated in 
the guidelines that a single technician cannot read 
more than 25 ZN slides per day in order to ensure 
assay quality[5]. In addition, 300 microscope fields 
are required to be read per negative slide and 100 
fields are required to be read per positive slide. This 
places heavy workloads on the laboratory, and can 
lead to headaches and dizziness for the staff,  
which contribute to significant variability in 
results[6,7]. In addition, laboratories often fail to 
detect TB cases due to the lack of trained technicians, 
as turnover rate for many countries, including China, 
is high.  

Automation in staining and microscopy for AFB 
screening aims to speed up the screening process, 
improve its sensitivity, and reduce its reliance on 
technicians. In the past, scientists tried to develop 
automatic staining and scanning systems in order to 
overcome the shortcomings of conventional 
microscopy[8,9]. Unfortunately, these systems failed 
due to bad test performance. An automated sputum 
smear microscopy system was developed for 
tuberculosis diagnosis in 2012. The system showed 
higher sensitivity as compared with that of 
conventional microscopy (75.8% vs. 52.8%); however, 
specificity was markedly low (43.5% vs. 98.6%)[10]. 
The new commercial Mycob. T Stainer and Scanner 
(HOWSOME, China), which is composed of an 
automated staining machine, an automated 
microscope, and a computer system, was designed 
for automatic AFB detection. To validate the 
performance of the Mycob. T Stainer and Scanner 
(MTSS), we conducted this project in two prefectural 
hospitals in China. 

METHODS 

Study Design 

In the beginning of the study, we organized a 
two-day training course on solid culture and the 
MTSS method for the staff members of Anhui 
Provincial Chest Hospital and Linyi People’s Hospital. 
A one-week pilot study was conducted before case 
recruitment. During the study, we also administered 
a user-acceptability questionnaire to establish 
feasibility of the MTSS method. 

Clinical Specimen  

All TB suspects were enrolled at outpatient 
clinics in these two hospitals from April to August 
2016. For laboratory tests, three sputum specimens 
were collected from each subject. Each sputum 
specimen was placed on two slides by the direct 
smear method. The leftover specimens were stored 
at 4 °C.  

Conventional Microscopy 

One slide was stained by the ZN method and 
was manually read by CM under immersion oil field. 
At least 300 microscope fields per negative slide and 
100 fields per positive slide were observed. Grading 
of AFB density on the slide was as follows: negative 
(0 AFB/300 fields), scanty (1-8 AFB/300 fields), 1+ 
(3-9 AFB/100 fields), 2+ (1-9 AFB/10 field), 3+ (1-9 
AFB/ field), 4+ (≥ 10 AFB/ field)[11]. 

Mycob. T Stainer and Scanner Method 

The second slide was automatically stained by 
steamed ZN liquid in the Mycob. T Stainer. The slide 
was the transferred onto the Mycob. T Scanner 
platform for automatic screening (Figure 1). 
Immersion oil was first dropped onto the slide; this 
allowed the scanner to automatically find the field, 
and to look for AFBs based on image comparisons 
with the image data bank. Microscopic field of the 
scanner was moved by a motor that was operated by 
a computer. Three hundred fields were observed in 
each slide. Every field containing bacilli was imaged 
and saved for manual rechecking. The computer 
then produced either a positive or a negative report 
based on image analysis. All the positive pictures 
were saved for rechecking. 

Culture  

Samples (2 mL) from each sputum     
specimen were decontaminated with 4% NaOH   
for 15 min. Specimens (0.1 mL) were inoculated  
into Lowenstein-Jensen (L-J) tubes, which were  
then incubated for eight weeks in a 37 °C 
incubator[12]. 

Quality Control 

For quality assurance, provincial TB reference 
laboratory conducted external quality assessment on 
solid culture and smear microscopy every two 
months. In addition, all staff attended a laboratory 
training course in the beginning of the project.  



574 Biomed Environ Sci, 2018; 31(8): 572-578 

Reproducibility Test 

At the end of the evaluation stage, 50 smear 
positive and 50 smear negative slides in each 
hospital were randomly selected to be scanned again 
for reproducibility tests. 

Statistical Analysis  

All data were entered into an Excel database, 
and statistical analysis was performed using the SPSS 
22.0 software. A Chi-square test was used to 
compare detection rates of different methods. P < 
0.05 was considered significant. 

Ethics Review 

All the specimens we used were useless samples 
obtained from clinic laboratory after routine 
examination. The study was approved by the Ethical 
Committees of the Chinese Anti-TB Association.  

RESULTS 

Study Sample Size 

A total of 1,515 TB suspects were enrolled in this 

study; 52% of the suspects (n = 788) provided three 
sputum specimens; 47.9% (n = 725) provided two 
sputum specimens; 0.1% (n = 2) provided only one 
sputum specimen. As a result, 3,816 sputum 
specimens were collected.  

Comparison of AFB Detection by MTSS and CM 

ATB detection analysis was carried out via MTSS 
and CM in the 3,816 specimens. The overall positive 
rate of MTSS was 27.96%, which was higher as 
compared with that of CM, which yielded an average 
positive rate of 26.83%. However, these differences 
were insignificant in both hospitals (P = 0.228 and P 
= 0.611) (Table 1). 

Analysis of Microscopy Result between MTSS and 
CM 

The overall concordance rate between MTSS 
and CM was 95.9% (3,661/3,816). MTSS detected 
more scanty slides and 2+ slides while CM reported 
more 1+ and 3+ slides. A total of 155 specimens had 
discrepant results between MTSS and CM. Among 
them, 99 slides were MTSS positive but CM negative, 
while 56 slides that were MTSS negative were 
reported as positive by CM (Table 2). Approximately 

 

 

Figure 1. Work flow of Mycob.T stainer and scanner. 

Table 1. Comparison of AFB Detection Rate by MTSS and CM 

Hospital MTSS (%) CM (%) χ2 P-Value 

Anhui Provincial Chest Hospital 20.95 (328/1,566) 19.22 (301/1,566) 1.45 0.228 

Linyi People’s Hospital 32.84 (739/2,250) 32.13 (723/2,250) 0.26 0.611 

Total 27.96 (1,067/3,816) 26.83 (1,024/3,816) 1.218 0.27 
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92% (23/25) of the MTSS negative, but CM positive 
specimens, in Linyi Hospital were found to be culture 
positive, and 45% (14/31) of MTSS negative, but CM 
positive specimens, in Anhui Hospital were culture 
positive (Table 3). 

The Performance of MTSS for Diagnosis of TB  

Fifteen specimens were excluded from analysis 
due to culture contamination. In total, data from 3,801 

specimens were used for performance  analysis. 
Compared to culture, the general  sensitivity and 
specificity of MTSS was 78.9% and 93.9%, 
respectively. CM showed lower sensitivity (77.4%) 
but higher specificity (95.0%) as compared with 
those of MTSS. Although CM demonstrated   
higher positive predictive value of 86.9%, MTSS 
showed a better negative predictive value of 91.2% 
(Table 4). 

Table 2. Comparison of Microscopy Results between MTSS and CM 

Hospital MTSS Scanty 
CM 

1+ 2+ 3+ 4+ Negative Subtotal 

Anhui Provincial 
Chest Hospital 

Scanty 17 30 8 7 1 33 96 

1+ 6 21 13 3 5 11 59 

2+ 3 44 29 11 15 12 121 

3+ 5 10 8 3 6 1 34 

4+ 3 1 2 1 6 1 18 

Negative 16 12 1 1 1 1,207 1,238 

Subtotal 35 118 61 26 34 1,265 1,566 

Linyi People’s 
Hospital 

Scanty 12 48 12 4 0 26 102 

1+ 8 66 39 16 9 7 145 

2+ 2 77 83 94 38 8 302 

3+ 0 7 26 47 18 0 98 

4+ 0 3 12 31 46 0 92 

Negative 8 15 1 1 0 1,486 1,511 

Subtotal 30 216 173 193 111 1,527 2,250 

Total 

Scanty 29 78 20 11 1 59 198 

1+ 14 87 52 19 14 18 204 

2+ 5 121 112 105 53 20 423 

3+ 5 17 34 50 24 1 132 

4+ 3 4 14 32 52 1 110 

Negative 24 27 2 2 1 2,693 2,749 

Total 65 334 234 219 145 2,792 3,816 

Table 3. Analysis of Discrepant Results between MTSS and CM 

Hospital  
Solid Culture 

Positive Negative Subtotal 

Anhui Provincial Chest Hospital 

MTSS positive, CM negative 25 33 58 

MTSS negative, CM positive 14 17 31 

Subtotal 39 50 89 

Linyi People’s Hospital 

MTSS positive, CM negative 29 12 41 

MTSS negative, CM positive 23 2 25 

Subtotal 52 14 66 

Total 

MTSS positive, CM negative 54 45 99 

MTSS negative, CM positive 37 19 56 

Total 91 64 155 

  



576 Biomed Environ Sci, 2018; 31(8): 572-578 

Reproducibility of MTSS  

From a total of 200 slides, 195 received same 
results as the original diagnosis, resulting in an 
accordance rate of 97.5%. All of five discrepant slides 
were minor grade differences. No false positive or 
false negative result was observed. 

Analysis of Acceptability of the MTSS among 
Laboratory Technicians 

Six laboratory staffs completed questionnaires 
on the acceptability of the MTSS method. According 
to the survey, all staffs believed that the MTSS 
procedure was easier to perform, five (83%) 
individuals noted that the price of the MTSS test was 
expensive, and six (100%) individuals expressed that 
they would like to use MTSS instead of CM. 

DISCUSSION 

Our study showed that MTSS has better 
performance for TB screening as compared with that 
of conventional microscopy. It is the very first 

automatic staining and scanning system that has 
been evaluated on a large scale in China.  

Recently, many novel molecular assays have 
been developed for diagnosis of tuberculosis; a 
number of these methods showed good 
performance in clinical validation for TB 
diagnosis[13,14]. Some tests are very popular due to 
simple operation and high sensitivity[15,16]. However, 
effective changes to conventional microscopy are 
still limited[17].  

MTSS is the first local automatic product that 
may replace conventional microscopy. Our results 
indicated that the detection rate of MTSS is higher as 
compared with that of conventional microscopy. 
While differences in detection rate between the two 
methods are insignificant, MTSS functions 
automatically; this lessens the workload on staffs in 
sputum smear microscopy. At the same time, it takes 
only two minutes for each slide to be scanned by 
MTSS. In addition, the automatic staining and 
scanning process leads to low bias by omitting 
human error. Lastly, MTSS also improved test 
quality.  

Table 4. Diagnostic Performance of MTSS and CM for Detection of TB Compared to Culture Methods 
 Sites Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

 Anhui Provincial Chest Hospital     

 Correct No./Total No. (%) 222/349 (63.6) 1,105/1,211 (91.2) 222/328 (67.7) 1,105/1,232 (89.7) 

 95% CI 58.6-68.7 89.7-92.8 62.6-72.7 88.0-91.4 

 Linyi People’s Hospital     

MTSS Correct No./Total No. (%) 681/795 (85.7) 1,391/1,446 (96.2) 681/736 (92.5) 1,391/1,505 (92.4) 

 95% CI 83.2-88.1 95.2-97.2 90.6-94.4 91.1-93.8 

 Total      

 Correct No./Total No. (%) 903/1,144 (78.9) 2,496/2,657 (93.9) 903/1,064 (84.9) 2,496/2,737 (91.2) 

 95% CI 76.6-81.3 93.0-94.8 82.7-87.0 90.1-92.3 

 Anhui Provincial Chest Hospital     

 Correct No./Total No. (%) 211/349 (60.5) 1,121/1,211 (92.6) 211/301 (70.1) 1,121/1,259 (89.0) 

 95% CI 55.3-65.6 91.1-94.0 64.9-75.3 87.3-90.8 

 Linyi People’s Hospital     

CM Correct No./Total No. (%) 675/795 (84.9) 1,401/1,446 (96.9) 675/720 (93.8) 1,401/1,521 (92.1) 

 95% CI 82.4-87.4 96.0-97.8 92.0-95.5 90.8-93.5 

 Total     

 Correct No./Total No. (%) 886/1,144 (77.4) 2,523/2,657 (95.0) 886/1,020 (86.9) 2,523/2,781 (90.7) 

 95% CI 75.0-79.9 94.1-95.8 84.8-88.9 89.6-91.8 

Note. PPV, positive predictive value; NPV, negative predictive value. 
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MTSS offers many advantages in screening 
smear slides. Our data indicated that MTSS can 
detect more low-signal positive slides as compared 
with conventional microscopy. Among the 198 
specimens reported as scanty positive by MTSS, 
conventional microscopy missed 59 specimens. 
Another 40 high-positive MTSS specimens were also 
missed by conventional microscopy. Results 
indicated that 54 specimens were culture positive. 
These results also showed that conventional 
microscopy may miss some positive TB cases. 

While MTSS demonstrated higher sensitivity 
than conventional microscopy, it showed lower 
positive predictive value as compared with CM. The 
specificity of conventional microscopy was 95.0%, 
which was a little higher than MTSS. However, the 
negative predictive value of CM was lower as 
compared with that of MTSS. The major challenge in 
a screening test is missing cases; once the doctor 
excludes the suspect, they usually will not conduct 
further accuracy diagnosis. In this study, although 
MTSS showed higher NPV, nearly 66% (37/56) of 
MTSS negative but CM positive specimens were 
culture positive. These results indicated that a few 
culture positive specimens were still missed by MTSS 
tests. Further improvements on MTSS can be carried 
out. 

It was reported that sensitivity of conventional 
microscopy varied greatly between 20% to > 
80%[18-20]. In the current study, although the 
sensitivity of conventional microscopy in both 
hospitals was relatively higher, there was big 
difference in TB detection rate. This may be because 
the patients at the outpatient clinics were different; 
patients at the Anhui Provincial Chest Hospital were 
from the entire province, while patients at Linyi 
People’s hospital were only from the local city. 

The reproducibility of MTSS was excellent, with 
a concordance rate of 97.5%. All five discrepant 
results belonged to the grades scanty positive and 1+ 
positive. The result indicated that the MTSS method 
produces well-stained slides with high homogeneity, 
and scanning is conduced automatically without bias. 
All key operational steps were conducted 
automatically, which avoided human-induced 
variations. Further studies are currently conducted 
to explore the clinical value of MTSS. 

CONCLUSION 

MTSS demonstrated high positive rate, good 
performance, and simple operation with low 

variability among different laboratories. It can play 
an important role in improving TB screening in 
peripheral laboratories. However, MTSS still needs 
to be validated in more laboratories and under field 
conditions. 
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