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The problems of tuberculosis and its drug resistance are very severe. Therefore, rapid and accurate drug susceptibility 
assay is required. Recently, there has been an increased understanding of the genetic mechanism of Mycobacterium 

tuberculosis (MTB) drug resistance as well as advancement of molecular technologies. While many gene mutations 
correlate well with drug resistance, many genes do not show a strong correlation with drug resistance. For this reason, 
the current study assessed the utility of rpoB mRNA as a target to detect live mycobacteria. In this study, RT-PCR 
targeting of rpoB mRNA in BCG treated with rifampin was performed. Conventional RT-PCR and real-time PCR 
targeting rpoB mRNA as well as 85B mRNA was performed to determine whether these two methods could distinguish 
between viable and non-viable MTB. The levels of rpoB and 85B mRNA detected by RT- PCR were compared in parallel 

with colony forming unit counts of BCG that were treated with rifampin for different periods of time. The data suggests 
that that even though both mRNA levels of rpoB and 85B decreased gradually when rifampin-treatment increased, the 
rpoB mRNA seemed to represent live bacteria better than 85B mRNA. This study clearly indicates that RT-PCR is a 
good method to monitor viable cell counts in the liquid culture treated with the anti-tuberculosis drug. 
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INTRODUCTION 

 

Tuberculosis (TB) continues to be the leading cause of 

morbidity and mortality by an infectious disease worldwide 

(Martin et al., 2000; Raviglione, 2003; Russell, 2001; Jung 

et al., 2016). In recent estimates, approximately 10.4 million 

people have been known to develop TB and 1.8 million 

people have been reported to die of complications associated 

with the disease (WHO, 2016). In total, 3,000 deaths occur 

in Korea every year (Dye, 1999; Kim et al., 2014). It is also 

estimated that 30% to 60% of adults in developing countries 

are infected, with TB being the first cause of death among 

people over 5 years of age (Cho et al., 2014). Moreover, the 

emergence of drug resistance in recent years had had a great 

effect on the control strategy for the treatment of TB patients 

(Dorman et al., 2007; Mitnick et al., 2008). The rapid spread 

of drug resistance, especially multidrug-resistant (MDR) TB, 

defined as resistance to at least rifampin and isoniazid, is of 

great concern. In total, 450,000 new MDR-TB cases are 

estimated to occur every year. Recently, reports of strains 

with extensively drug-resistant (XDR) TB were defined as 
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MDR-TB in addition to strains resistant to any fluoro- 

quinolone, and to at least one of three injectable second-line 

drugs (amikacin, capreomycin, or kanamycin) (CDC, 2007; 

WHO, 2006). XDR-TB emerged as a global health priority 

in 2006 and has so far been confirmed in more than 45 

countries (WHO, 2008). 

The most commonly used TB regimen is painful and takes 

a long time; it consists of isoniazid, rifampin, ethambutol 

and pyrazinamide administered chemotherapy daily for 8 

weeks, followed by isoniazid and rifampin given daily, twice 

a week, or three times a week for 16 weeks (Combs et al., 

1990). Therefore, it is important to test whether the chemo- 

therapy would be effective for patients before treatment 

(Desjardin et al., 1998, 1999; Hellyer et al., 1999). However, 

in clinical settings, it is often difficult to obtain the results 

from a drug susceptibility test (DST) before chemotherapy 

because of the slow growth rate of Mycobacterium tuber- 

culosis in culture (Palomino et al., 2006; Ruiz et al., 2004). 

In addition, the conventional cultural DST is labor intensive 

and require highly trained expertise that only reference 

laboratories can perform the test, and this certainly requires 

even more time. 

In this study, as an attempt to shorten the turnaround time 

of DST using culture, the utility of rpoB mRNA targeting 

by RT-PCR as a marker for counting viable M. tuberculosis 

in the drug-treated culture was evaluated. The rationale was 

that if bacteria survive in the drug treated culture, it indi- 

cates the bacteria are resistant to that drug, and the viability 

of the bacteria can be quantified using RT-PCR. This study 

hypothesized that RT-PCR targeting mRNA can be a useful 

method to monitor cell viability, as unlike bacterial DNA or 

rRNA, mRNA is typically short -lived, with a half-life of 

only a few minutes (Hellyer et al., 1996, 1999). In addition, 

the data showed rpoB, which encodes the β-subunit of the 

RNA polymerase, can be a sensitive marker, as it is one of 

the essential house-keeping genes of M. tuberculosis where, 

it is expressed if there is any viable cells remain, which can 

be important as a surrogate marker for cells viability. 

 

MATERIALS AND METHODS 

 

M. bovis BCG was cultured in 7H9 broth for 7 to 14 days 

before treatment of rifampin. Subsequently, the culture was 

treated with 2 μg/ml of rifampin and the culture was taken 

at different periods of times for subsequent tests. First, to 

measure the viable cell numbers after rifampin treatment, 

colony forming unit (CFU) counts were carried out for eight 

dilutions in duplicate. The CFU test was done 3 times in- 

dependently. The method was performed a mycobacterio- 

phage assay using the same BCG culture previously used 

for CFU counts and RT-PCR. Mycobacteriophage assay was 

performed as previously described by Banaiee et al. In brief, 

MBA was performed as follows. First, 200 μl of cultured 

BCG was added to each 1.5 ml conical tube, and the tube 

was infected with 50 μl of phage phAE40, and the tube was 

returned to the incubator. At 2 hr post-phage infection, 100 

μl aliquots of each tube were transferred to 96 well plates 

for quantitative luciferase assay in the luminometer. Phage 

phAE40 DNA contains FFlux on a cosmid inserted into a 

nonessential region of the parent phage TM4 (gift from 

William. R. Jacobs (Howard Hughes Medical Institute, Albert 

Einstein College of Medicine, Bronx, New York, USA). 

 

RESULTS AND DISCUSSION 

 

Even after treatment of rifampin at a 2 μg/ml concen- 

tration, not all bacteria died. Instead, the number of bacteria 

rather slowly decreased (Fig. 1). It took more than two 

days for the number to reach half of the initial cell number 

and took five days to kill all remaining bacteria present in 

the liquid culture. The level of rpoB mRNA decreased grad- 

ually and was undetectable by RT-PCR after four days of 

rifampin treatment. On the other hand, the level of 85B (alpha 

antigen) mRNA decreased dramatically and was undetectable 

after one day of rifampin treatment, indicating different 

target genes for RT-PCR could deliver different information 

on the level of bacterial viability. In this case, it appeared 

that the level of rpoB mRNA, which is one of the house-

keeping genes of the bacteria, persisted if viable bacteria 

remained in the culture, as shown by the result of the CFU 

test. On the other hand, the level of 85B mRNA which may 

not be essential for the viability of the bacteria, decreased as 

cell viability decreased (Fig. 2). The results from this experi- 

ment seem to suggest that RT-PCR targeting rpoB mRNA 
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can be useful to monitor the viability of the bacteria. 

In brief, the signals from the mycobacteriophage assay 

rapidly dropped after one day of rifampin treatment. The 

overall profile of the data from the mycobacteriophage 

assay was more similar to the RT-PCR result using 85B 

mRNA, which showed a rapid level decrease after one day 

of rifampin treatment than the CFU counts or RT-PCR 

results using rpoB mRNA (Fig. 3). It may be because the 

mycobacteriophage, which infects metabolically active cells, 

generates more signals than stressed bacteria by the drug; 

thus, the signals from the phage may be generated when 

there are more metabolically active cells are present in one 

day of rifampin treatment. Therefore, it seems clear from 

this experiment that the level of 85B mRNA represents the 

metabolically active cells in the culture, while the level of 

rpoB mRNA represents any viable bacteria in the culture. 

In summary, this data seem to indicate that RT-PCR 

targeting rpoB mRNA can be a useful method to monitor 

viable cell counts in the liquid culture treated with the anti-

TB drug. The combined use of liquid culture with the known 

inoculum size of the bacteria and the subsequent use of 

RT-PCR targeting rpoB mRNA would certainly reduce the 

length of the culture period needed for conventional DST 

and reduce the chance of misdiagnosing susceptible isolates 

to be resistant, which happen to be grown in the culture 

treated for an extensively long period that sometimes results 

Figure 1. Mean bacterial counts of M. bovis BCG obtained by 
the colony forming unit (CUF) test. The results represent a slow 
drop in the number of viable M. bovis BCG after treatment with 2 
μg of rifampin per ml of culture. 

Figure 2. RT-PCR results targeting rpoB mRNA and 85B mRNA. (A) M. bovis BCG not treated with rifampin. Both rpoB and 85B 
mRNA appear regular. (B) M. bovis BCG treated with 2 μg of rifampin per ml for a period of days. The rpoB mRNA disappears on day 4, 
but the 85B mRNA vanishes on day 1. Lane PC, positive control (amplification product of PCR performed with DNA extracted from M. 
tuberculosis H37Rv), NC, negative control. 

Figure 3. Luciferase activity of BCG infected with phAE40.
M. bovis BCG was either not treated or treated with 2 μg of rifampin
per ml culture. The results are expressed as the mean of duplicate 
experiments ± standard deviations. RLU, relative light units. 
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in the decreased activity of the drug. In addition, the com- 

bined use of liquid culture and RT-PCR can be used for 

testing the DST of any anti-TB drugs and is not limited to 

liquid-based DSTs, which are available currently. 

However, contrary to expectations, even though this study 

used BCG, which is susceptible to rifampin, not all cells in 

the culture died right after rifampin treatment, and it took 

more than five days for all the cells to die. In this regard, it 

seems necessary to perform RT-PCT targeting rpoB RNA 

to monitor cell viability in the liquid culture for up to five 

days of rifampin treatment to verify whether there are any 

viable bacteria remain. Regardless, this method showed the 

possibility of the DST employing RT-PCR targeting rpoB 

mRNA; it also seems clear that the same types of experi- 

ments must be conducted with other anti-TB drugs to deter- 

mine when RT-PCR must be carried out, as well as the 

clinical specimens that may contain various proportions of 

resistant strains mixed with susceptible strain in the clinical 

specimens. 
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