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Abstract 

Tuberculosis, caused by microorganisms of the so-called Mycobacterium tuberculosis complex (MTBC), 

continues to be a public health problem worldwide, as MTBC diverged into different lineages, gene expression 

of virulence y associated metabolites also did, this provides clear evidence that MTBC lineages likely reflect 

adaptation to different human populations.  

The difficulties to manipulate mycobacteria, their slow growth and pathogenicity have made them a difficult 

model to genetically characterize. However, the development of tools for genetic manipulation has allowed 

advances in research, facilitating the understanding of genome organization, gene expression and phenotypic 

determination, which explain the mechanisms of pathogenicity, latency and drug resistance. 

 This paper reports the differentiation of the CMTB by Polymerase Chain Reaction (PCR) in samples from 

patients with clinical diagnosis of tuberculosis, from different genomic regions of the microorganisms of the 

complex in samples from patients with clinical diagnosis of tuberculosis. For the development of the present 

study, sputum samples were collected from patients with a microbiological diagnosis of tuberculosis, obtained 

from two hospitals in Arequipa.  

The extraction and purification of DNA from clinical samples was carried out and then amplified by PCR. and 

identified PCR, for which a group of different DNA amplifiers were used. Initiators which amplifies the DNAn 

depending on the type of MTBC, allowing the results identified the Mycobacterium tuberculosis strains with 

73%, followed by Mycobacterium of unidentified Mycobacterium with 20% and 2% of Mycobacterium of 

Mycobacterium canetti, strains that circulate in the region.                                                                   

Descriptors: Mycobacterium tuberculosis complex, PCR. 
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Abstract 

La tuberculosis, causada por microorganismos del denominado Complejo Mycobacterium tuberculosis (MTBC), sigue 

siendo un problema en salud pública a nivel mundial, a medida que el MTBC divergió en diferentes linajes, la expresión 

de genes de virulencia y metabolitos asociados también lo hizo, esto proporciona una evidencia clara de que los linajes 

de MTBC probablemente reflejan la adaptación a diferentes poblaciones humanas.  

Las dificultades para manipular las micobacterias, su crecimiento lento y su patogenicidad han hecho de ellas un modelo 

difícil de caracterizar genéticamente, sin embrago el desarrollo de herramientas para la manipulación genética han 

permitido avances en la investigación, facilitando el entendimiento de la organización del genoma, la expresión de sus 

genes y la determinación fenotípica, que explican los mecanismos de patogenicidad, estado de latencia y resistencia a 

fármacos. 

 En este artículo reportamos la diferenciación del CMTB mediante Reacción en Cadena de la Polimerasa (PCR) de 

diferentes regiones genómicas de los microorganismos del complejo, en muestras de pacientes con diagnóstico clínico de 

tuberculosis. Para el desarrollo del presente estudio se recolectaron muestras de esputo de pacientes con diagnóstico 

microbiológico de tuberculosis, obtenidas de dos hospitales de Arequipa.  

Se realizo la extracción y purificación de ADN de las muestras clínicas, para luego ser amplificadas e identificadas por PCR, 

para lo que se utilizaron un grupo de diferentes iniciadores, los que amplifican dependiendo del tipo de MTBC, 

permitiendo identificar las cepas Mycobacterium tuberculosis con un 73%, seguida de Mycobacterium no identificado con 

el 20% y el 2% de Mycobacterium canetti, cepas que circulan en nuestra región.                                                                

Descriptores: Complejo Mycobacterium tuberculosis, PCR. 

1. Introduction 

Tuberculosis (TB) is responsible for more than 1.8 million deaths per year (Ates, L. S. et al 2020), and affects 10.4 million 

new people, making it one of the deadliest infectious diseases in the world (Fonseca et al., 2020), and historically making 

it the largest cause of infectious death, having claimed more deaths than smallpox, malaria, plague, influenza and AIDS 

combined (Gonzalo-Asensio et al., 2018).  Added to these figures is a pool of two billion people with latent infection 

(Gonzalo-Asensio et al., 2020). (Comas & Gagneux, 2009, Fonseca et al., 2020) because, Mycobacterium tuberculosis 

(Mtb), the causative agent of the disease has the ability to survive within macrophages, in a granuloma for weeks, months 

and even decades in an asymptomatic or latent state (Galagan, 2014). 

Peru has 14% of TB cases in the Americas, with metropolitan Lima and Callao being the places with the highest percentage 

of infections, accounting for 64% of cases in the entire country. On the other hand, in the department of Arequipa, in 

2015, 544 new cases of medium-grade TB were registered (PAHO/WHO. 2020). It is currently known that tuberculosis not 

only affects developing countries, but also considerably affects developed countries as is the case of Belgium (Vluggen et 

al., 2017). The high incidence of TB globally makes addressing TB a matter of urgency, as reflected in the current strategy 

put forward by WHO to end TB, aimed at a 90% reduction in TB incidence, reaching to less than 100 cases per million 

people by 2035 (Gröschel et al., 2018).  

It is important to mention that, in Peru, within the few studies that have been carried out in this regard, it is mentioned 

that the lineages circulating in the national territory, mainly in the capital, correspond to Haarlem, T, Beijing, 

Mediterranean-Latin American (LAM), U, X and S; a considerable proportion of orphan lineages (Orphans) has also been 

described. Among the lineages mentioned, the most prevalent were Haarlem and LAM (Barletta et al., 2013; Cáceres et 

al., 2014). 
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In humans, the TB is caused mainly by members of the Mycobacterium tuberculosis complex (MTBC) (Coscolla & Gagneux      

Mycobacterium tuberculosis complex (MTBC) (Coscolla & Gagneux, 2014). Genotypic characterization of MTBC is 

important to better understand endemic and epidemic strains (Sanoussi et al., 2017).  

MTBC comprises eight defined phylogenetic lineages. M. tuberculosis includes L1, L2, L3, L4 and L7 lineages. These human-

adapted lineages are responsible for most of the world's human tuberculosis cases, whereas the M. africanum lineages 

(L5, L6) are restricted mainly to West African humans. The L8 comprises animal-adapted strains (Gonzalo-Asensio et al., 

2018, Sanoussi et al., 2017), M. bovis, M. caprae, M. pinnipedii, M. microti, M. orygis, M. suricattae, M. mungi (Zimpel et 

al., 2017), therefore, these lineages are considered to have a differential impact on pathogenesis, disease outcome and 

vaccine efficacy. 

It is known that modern lineages, which include strains with TbD1 deletion, are evolutionarily younger than strains without 

this deletion without this deletion. Consequently, strains with TbD1 deleted have been termed evolutionary modern, 

while M. africanum (Maf) and several other MTBC lineages were considered ancient. On the other hand, Euro-American 

Beijing and Haarlem strains, present more virulent phenotypes compared to ancient ones, such as East African Indian 

(Phelan, et al., 2016, Faksri et al., 2011). Similarly, other studies reflect the responsiveness of patients to different MTBC 

lineages, influencing the synthesis of cytokines important in post-treatment infection processes, as is the case of patients 

infected with Mtb y Maf in which they showed a more favorable recovery for those infected with Mtb than with Maf after 

antituberculosis treatment (Tientcheu et al., 2016). On the other hand, strains that infect animals have been found to 

cause zoonotic diseases, as is the case of M. bovis (Mbv), which causes TB bovine, a primitive infectious disease, which 

represents the most important zoonotic disease, usually affecting the lungs (pulmonary TB), but can also affect other sites 

(extrapulmonary TB) (Zahran et al., 2014). 

In addition to this, these lineages were found to exhibit phylogeographic structure, meaning that specific lineages are 

associated with particular regions, and infect to a greater extent individuals originating from these regions (Yeboah-Manu, 

D. et al., 2016). Added to this, phylogenetically distinct Mtb lineages differ in their phenotypes and pathogenicity, thus, 

understanding phylogeographic population structures is essential for the design, interpretation and generalization of 

clinical trials (Gehre et al., 2016). 

In general, ancient MTB lineages are less virulent than modern ones, lending some weight to the hypothesis that the 

emergence of newly evolved lineages leads to more virulent disease, a phenomenon termed interrupted coevolution. In 

the case of TB disease, virulence is highly correlated with the presence and severity of active TB symptoms, as they are 

necessary for Mycobacteria to spread (McHenry et al., 2020). All of the above, is reinforced in the context that, failure to 

identify MTBC will lead to delays in initiating appropriate treatment with dire consequences for the patient and their 

communities increasing the continued risk of TB transmission (Ofori-Anyinam et al., 2016). 

Thus, the need for a reliable, early and sensitive diagnosis of MTBC for disease control is increasing, however, the 

sensitivity of sputum microscopy is low, and the culture method used for the diagnosis of tuberculosis, although sensitive, 

becomes slow, even taking several weeks to confirm a diagnosis, due to the slow growth of the microorganism (Hwang et 

al., 2015, Sun et al., 2009). In addition, several commercial serological tests have shown an unreliable diagnosis of TB, 

reporting inconsistent, imprecise and highly variable values of sensitivity and specificity, so, in consideration of this 

situation, the WHO in 2011 issued a policy recommending not to use these tests for the diagnosis of pulmonary and 

extrapulmonary TB (Tucci et al., 2014).  

The modest decrease in the global incidence and mortality of TB in recent years should not go unmentioned, which must 

be accelerated if the objectives of ending TB by 2035 are to be met, and this can only be achieved if the implementation 

of strategies for prevention, detection, diagnosis and treatment are optimized. Currently, in most developing countries, 
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microbiological diagnosis is still based on microscopy, Ziehl Neelsen staining and culture, together with antibiogram to 

determine antibiotic sensitivity. The Polymerase Chain Reaction (PCR), method for DNA amplification is considered a rapid 

and accurate technique for the identification of mycobacterial species, and apparently proves to be more sensitive than 

that obtained by the culture technique (Zahran et al., 2014), playing an important role, both for the diagnosis of 

tuberculosis, and to know and study the lineages present in MTBC, especially in the field of places, where the 

implementation and use of this technique is slow, and the presence of tuberculosis is high. The WHO recommends the 

Xpert MTB/RIF test (Cepheid, Sunnyvale, California, USA) for the initial diagnosis of TB and MDR-TB. This test is performed 

using a closed, fully automated system (which prevents contamination), requires only minimal expertise, can be used in 

peripheral settings, and allows the result to be obtained within hours (WHO, 2015). 

Insertion Sequences (IS ) are useful genetic tools that have been used as taxonomic markers for diagnostic purposes 

(Thierry et al., 1990), of which, different sequences have been evaluated for the study of the M. tuberculosis complex, 

within them is included the IS6110 sequence, which belongs to the IS3 category family and is most frequently used for 

MTB detection because it is highly conserved (Kabir et al., 2018; McEvoy et al., 2007), in addition to occurring in different 

copy numbers and its positions in the genome are highly variable among different isolates (Arora et al., 2020; Turcios et 

al 2009). It is then that the high degree of polymorphism of IS6110, both numerically and positionally among different 

Mtb strains, has made it a useful marker for strain genotyping (McEvoy, C. R. R. E. et al 2007), thanks to these 

characteristics, these sequences have been exploited for molecular epidemiological purposes (Thorne et al., 2011). 

However, some Mtb strains have been reported to lack this element (Farzam et al., 2015). Thus, the use of additional 

markers for complex differentiation helps to better identify MTBC members (Warren et al., 2006). On the other hand, 

new massive sequencing techniques (NGS) allow the establishment of regions that typify them. Based on the above 

considerations, the objective of this study was to differentiate the MTBC members by PCR technique in samples from two 

hospitals in the Arequipa region, with positive diagnosis for tuberculosis (culture or smear microscopy), in order to 

establish the predominant lineages.

Methodology 

2.1. Samples 

Sputum samples were requested from the Regional Honorio Delgado Espinoza Hospital and Hospital III Yanahuara 

ESSALUD. For tuberculosis diagnosis, each hospital used its own standardized methods of routine and confirmation, 

staining and culture. They were transferred in an airtight sealed medium maintaining the cold chain, with codes of the 

hospitals of origin, to the Human Morphology Research Laboratory of the Faculty of Medicine of the National University 

of San Agustin de Arequipa - UNSA. 

The study lasted 24 months, and a total of 30 sputum samples were collected, 18 from the Honorio Delgado Espinosa 

Regional Hospital and 12 from the Yanahuara Hospital.  

2.2. Decontamination and preservation of samples 

All sputum samples were inactivated by the N -acetyl-l -cysteına-sodium hydroxide (NaLC) method, re-suspended 

sediment was used for all molecular assays. 

The samples were stored in airtight containers and the cold chain was maintained until they were processed in the 

laboratory of the Faculty of Medicine of UNSA, maintaining the cold chain of each hospital. processing in the laboratory 

of the Faculty of Medicine of the UNSA, maintaining the cold chain of each of the hospitals. 

2.3. Mycobacterial DNA extraction and purification 
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For the extraction and purification of mycobacterial DNA, inactive sputum samples were used, the DNA of the samples 

was extracted and purified with the clinical sample kit MACHEREY-NAGEL Moura, André et al. (2016) was performed 

according to the manufacturer's instructions. 

For testing the extraction of bacterial DNA from sputum samples, the following is first performed 

an amplification of the 16S ribosomal gene with the MyTaq Mix Bio Line amplification kit (Meridian BIOCIENCE™), 

amplification kit on a BioRad t100 thermal cycler. 

Once DNA extraction by the rRNA16S gene was confirmed, PCR with specific TB2 primers for amplification of the 

mycobacterial genetic element IS6110 was performed to confirm the presence of Mtb. The reaction was carried out in 15 

ul of Mix taq Polymerase, 1ul of Forward and 1ul of Reverse at a final concentration of 1ul of Reverse at a final 

concentration of 1uM each, 20 pMoles of DNA from each sample and ultrapure water to a final volume of 30 ul. TB2 

amplification conditions are given in Table 1 (Ogusku et al., 2004)

Table 1. Primers for the amplification of the mycobacterial genetic element IS6110 and PCR parameters for the 

Identification of Mycobacterium tuberculosis. 

 

 

 

2.4. Identification of Mycobacterium tuberculosis complex (MTBC) by identification of regions of difference. 

For the identification of MTBC, the DNA samples extracted were used, classified by the laboratory and amplified with the 

initiators for the differentiation of the MTBC members with M. tuberculosis, M. africanum, M canétii, M. microti, M. 

pinnipedii, M. caprae, M bovis, M. bovis BCG, (Warren et al., 2006).      

The identification of the different members MTBC was performed by electrophoresis through electrophoresis in 3% 

agarose gels.

Table 2. Primers and sizes of the amplification products of the different members of MTBC 

 

Primer Secuencia del Primer Tamaño Ciclos 

TB2 
5’ TGG TCC GGT TCA TAC TCG GGC 
TGG  3’ 
5´-CCT GCG AGC GTA GGC GTC GG-3´ 

123 pb 
94°C – 1 min 
66°C – 1 min       35 
72°C – 0.4 min 

16SrRNA 

5´-ACG GTG GGT ACT AGG TGT GGG 
TTTC-3´ 
5´-TCT GCG ATT ACT AGC GAC TCC 
GAC TTCA-3´ 

543 pb 
94°C – 1 min 
60°C – 1 min       35 
72°C – 0.4 min 

 

Size Size Cicles 
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3. Results and Discussion of Results 

3.1. Comparison of clinical tuberculosis detection methods and PCR 

For this study, the results of compared the results of tuberculosis molecular markers that amplify different regions of the 

MTBC genome were compared for this study.  

The biological samples obtained were evaluated with three diagnostic techniques (i) smear microscopy with Ziehl-Neelse 

staining; ii) by microbiological culture in Kudohn (ZN); ii) by microbiological culture on Kudoh Ogawa;  iii) by PCR enzymatic 

amplification 

Table 3 Results, according to the hospital of origin, of the smear microscopy, culture and PCR molecular technique 

methods. 
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*M. NI Mycobacterium not identified 

As can be seen from Table 2, three samples were negative with TB2 primers, which amplify a 123 bp fragment of the 

IS6110 insertion sequence. One of the samples (012) was from a patient who had been initiated on treatment. The 

remaining two samples were from patients without treatment initiation (Table 1).  

 

3.2. Determination of Mycobacterium tuberculosis complex. 

It was evaluated with six molecular markers that helped to identify the MTBC, for which Table 1 was used as a reference, 

thus determining the species of the MTBC complex.  

A representative image of the amplification method of the MTBC clinical samples and the assignment of molecular weights 

is presented in Figure 1. As can be seen in Table 2, all processed samples gave positive results with the primers designed 

for the amplifications of difference regions. According to the amplified products, the prevalence of Mycobacterium 

tuberculosis was determined to be 73%, followed by Mycobacterium from unidentified Mycobacterium with 20% and 2% 

of Mycobacterium of Mycobacterium canetti.

CODIGO 
 ASIGNADO 

PROCEDENCIA 
TIPO DE 

MUESTRA 

PACIENTE 
NUEVO 

TRATAMIENTO PRUEBAS PCR ESPECIE 

SI NO SI NO BK CULTIVO TB2 16sRNA P-A P-B P-C P-D P-E P-F  

001 H.General Esputo X   X +++ +++ + + 146 172 235 369 - - M.tuberculosis 

002 H.General Esputo X   X +++ +++ + + 146 172 235 369 - - M.tuberculosis 

003 H.General Esputo X   X ++ +++ + + 146 172 235 369 - - M.tuberculosis 

004 H.General Esputo X   X ++ +++ + + 146 172 235 369 - - M.tuberculosis 

005 H.General Esputo X   X +++ +++ - + 146 172 235 369 - - M.tuberculosis 

016 H.General Esputo X   X + - + + 146 172 235 369 - - M.tuberculosis 

017 H.General Esputo X   X +++ +++ + + 146 172 235 369 - - M.tuberculosis 

020 H. General Esputo X   X + + + + 146 172 235 369 - - M.tuberculosis 

021 H. General Esputo X   X + + + + 146 172 235 369 - - M.tuberculosis 

022 H. General Esputo X   X +++ +++ + + - 172 235 - 195 168 M. NI 

023 H. General Esputo X   X + +++ + + 146 172 235 369 195 293 M. NI 

026 H. General Esputo X   X +++ ++ + + 146 172 235 369 - - M.tuberculosis 

030 H. General Esputo X   X +++ ++ + + 146 172 235 369 - - M.tuberculosis 

027 H. General Esputo X   X ++ +++ + + 146 172 235 369 - - M.tuberculosis 

031 H. General Esputo X   X ++ +++ + + 146 172 235 369 - - M.tuberculosis 

028 H. General Esputo X   X +++ +++ + + 146 172 235 369 - - M.tuberculosis 

029 H. General Esputo X   X +++ +++ + + 146 172 235 369 - - M.tuberculosis 

032 H. General Esputo X   X +++ +++ + + 146 172 235 369 - - M.tuberculosis 

006 Essalud Esputo  X X  + - + + 146 172 235 369 - - M.tuberculosis 

007 Essalud Esputo  X X  ++ - + + 146 172 235 369 - - M.tuberculosis 

008 Essalud Lavado bronquial  X X  + ++ + + 146 172 235 - - - M.canettii 

010 Essalud Esputo  X X  + ++ + + 146 172 235 - - - M.canettii 

009 Essalud Esputo X   X ++ ++ + + 146 172 235 369 - - M.tuberculosis 

011 Essalud Esputo X   X ++ ++ + + - - - - 195 - M.NI 

012 Essalud Esputo  X X  + ++ - + 146 172 235 369 - - M.tuberculosis 

013 Essalud Esputo X   X +++ + + + 146 172 235 369 - - M.tuberculosis 

014 Essalud Esputo X   X + + - + - 172 235 369 195 168/293 M. NI 

015 Essalud 
Biopsia 

epididimo 
X   X + + + + - 172 235 369 195 168/293 M. NI 

018 Essalud Esputo  X X  + - + + - 172 235 369 195 293 M.NI 

019 Essalud Esputo  X X  + - + + 146 172 235 369 - - M.tuberculosis 
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Figure 1. Image of Primer A- RD1 (146bp), Primer B- RD4 (172bp), Primer C- RD9 (235bp), Primer D - RD12 (369bp), Primer 

E- RD1mic (195bp), Primer F - RD2sed (293bp) and their respective 100bp marker. 

 

 

Figure 2. Image of Primer A- RD1 (146bp), Primer B- RD4 (172bp), Primer C- RD9 (235bp), Primer D - RD12 (369bp) Absent 

and their respective 100 bp marker.

4. Conclusions 

The causative agent of TB tuberculosis, Mycobacterium tuberculosisis an obligate pathogen that evolved to persist 

exclusively in human populations. Mtb is a significant determinant of the association between Mtb and humans. On the 

other hand, the evolutionary success and permanence of the pathogenicity of Mtb would be determined by human 

demographic expansions, in addition to human and bacterial genetic polymorphisms. 

Therefore, the differential distribution of MTBC lineages and sublineages could also reflect intrinsic characteristics of the 

strains. For example, some lineages could be considered "generalists", i.e., able to persist in different human populations, 

and others more "specialists", i.e., able to persist only in one or a few particular host populations (Kirzinger MW, 

Stavrinides J.). 

The results show that the analysis with the primer (TB2) for the identification of the IS6110 sequence is very useful for 

the diagnosis of Mtb by PCR methodology in clinical samples. Of the samples analyzed, 80% were detected with the TB2 

primer, these results indicate the importance of performing the diagnosis with more primers of the IS6110 sequence. 

Similar results were obtained in the studies of Ogusku et al., who obtained a positivity greater than 92.1% 

There are reports in the literature of Mtb strains lacking this sequence. In the study, three samples did not amplify with 

the TB2 primer pair, however, these samples did amplify with primers designed to differentiate MTBC members, two of 

them were identified as Mtb while one (014) could not be identified. Based on this result, these Mtb strains circulating in 

Arequipa lack the IS6110 sequence. 

The study reports the identification of the complex MTBC complex using six specific markers that will help in the study of 

the molecular epidemiology of Mycobacterium. It identified Mycobacterium tuberculosis, Mycobacterium tuberculosis, 
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Mycobacterium tuberculosis, Mycobacterium spp.m       tuberculosis, Mycobacterium canetii and MTBC without defining 

their species, the polymorphisms found with different molecular markers show a strong mutual association because the 

M. tuberculosis complex has a strongly clonal structure (Sreevatsan et al., 1997).   

Identification by PCR technique proved to be a robust, convenient and highly discriminatory technique, which is 

reproducible and suitable for typing isolates of the MTBC complex.      PCR based on the differential region method appears 

to be stable enough to allow the design and conduct of meaningful epidemiological studies (Richard C. et al 2003), a 

technique that would be suitable for high-throughput automation using PCR workstations and DNA sequencing platforms 

running allele calling software (Skuce et al., 2002) 

Understanding the molecular basis of pathogen variation is not only important for discriminating and tracking clinically 

relevant strains, but also provides information on pathogenesis, host adaptation and the origin of new pathogenic forms 

(Reid et al., 2001).  

In this study, we have been able to rapidly identify individual strains of MTBC in laboratory. In the processed samples, the 

study reported for M. canetti complex (2%) and M. tuberculosis (73%). This PCR-based approach, which is simple to 

perform, can be incorporated into routine by many clinical mycobacteriology laboratories. While assays such as 

hybridization technique and DNA sequencing may not be within the scope of a clinical diagnostic laboratory, many 

laboratories use amplification procedures. 

Determining the prevalence of individual MTBC members within a population is of paramount importance, as most of 

these isolates are clinically significant and patient management depends on correct and timely identification, suggesting 

that the use of this method is likely to improve primary care and public health services. (Parsons et al., 2002) 
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