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PRESENTACIÓN DEL ARTÍCULO 

 

 

 

El presente artículo de investigación, es presentado por los bachilleres Karina Ttito Velasquez y 

Carmen Rosa Revilla Mogrovejo, para optar el título profesional de Biólogo, tiene como título: 

“Identificación del Microbioma Presente en Muestras de Esputo en Pacientes con Cuadros 

Clínicos de Tuberculosis, por NGS (Secuenciamiento de Nueva Generación)”. 

 

El artículo en mención fue financiado por la Universidad Nacional de San Agustín de Arequipa, 

mediante el contrato IBAIB-09-2018, firmado tras haber sido seleccionado en el concurso de 

Proyectos de Investigación Básica o Aplicada en Ingenierías y Ciencias Biomédicas, 2018-I, con 

una duración de 36 meses; siendo publicado el 25 de enero de 2022 en la revista Natural, 

Volatiles and Essential Oils; que se encuentra indexada en base de datos SCOPUS; disponible en 

la siguiente dirección: https://www.nveo.org/index.php/journal/article/view/4206.  
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ABSTRACT 

Tuberculosis is a reemerging disease that continues to be a public health problem 
worldwide with a high morbimortality rate. Infection with M. tuberculosis causes dysbiosis 
of the microbiota, condition that not only influences the latency of M.tuberculosis and the 
manifestation of the disease but also would be determinants of a greater progression of the 
disease and the failure of the recovery process. Another aspect to consider are the 
diagnostic methods which are varied and with limitations, however, thanks to the 
remarkable technological progress such as the New Generation Sequencing (NGS), there 
is currently access to the study of the microbiome that accompanies the human being in 
health conditions and associated with diseases such as tuberculosis. In the present study, 
the identification of the microbiome of samples from patients diagnosed with tuberculosis 
was performed, where 28 sputum samples were collected with clinical diagnosis of 
tuberculosis corresponding to: 20 without treatment, 6 with treatment, 2 Multidrogo - 
Resistant and 8 samples from patients without tuberculosis (control). For the identification 
of M. tuberculosis, TB1, TB2 and TB3 primers were used. The molecular identification of the 
microbiome was carried out by Illumina MiSeq sequencing, using specific primers that 
target the V4 region of the 16S rRNA gene. According to the abundance of each study group, 
the following Phyla were presented: patients without tuberculosis (control) Firmicutes 
,Bacteroidetes, Proteobacterias, Fusobacterias and Actinobacterias; patients with 
diagnosis of tuberculosis without treatment Firmicutes, Proteobacteria, Bacteroidetes, 
and Actinobacteria; patients with diagnosis of tuberculosis who received treatment 
Firmicutes, , Proteobacteria, Bacteroidetes and Actinobacteria; and patients with diagnosis 
of tuberculosis Multidrogo- resistant phyla Proteobacteria, , Bacteroidetes ,Firmicutes and 
Actinobacteria. The study identified the diversity and abundance at phylum and genus 
level by Next Generation Sequencing in individuals diagnosed with tuberculosis in 
untreated, treated and multidrug-resistant patients, finding a marked variation in the 
microbiome present in sputum samples associated with tuberculosis. 

mailto:adelcarpios@unsa.edu.pe
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INTRODUCTION 
 
The term microbiome emerged in the last decade with great relevance in the field of 
medicine, although the concept itself is as old as humanity. The microbiome is understood 
as the diversity and totality of genes belonging to microorganisms that inhabit an individual, 
forming an ecosystem with the host, without which life would not be possible [1]. 

 

In the human intestine, hundreds of bacterial strains and more than 9 million genes have 
been found [2], which communicate closely with the human immune system and exert a 
significant influence on homeostasis, establishing a symbiotic relationship with the host [3– 
5]. Likewise, the lower respiratory tract and the lungs were considered a sterile 
environment, however, it is now known that these organs can also be affected by the 
intestinal microbiome, through the gut-lung axis, which involves a dialogue between the 
gut and the lungs [6–8]. This involves a cross-dialogue through the passage of bacteria, 
bacterial endotoxins, hormones and cytokines into the bloodstream from the gut to the 
lung and back again [3,9]. According to Nancy Gupta et al. (2018), several investigations 
have conclusively demonstrated that a healthy lower respiratory tract has an abundant 
microbiota similar to the predominant phylum detected in the healthy gut, evidencing 
Firmicutes, Bacteroidetes and Proteobacteria [6]. A functional and stable microbiota is also 
described, including up to 314 different species belonging to Bacteroidetes (Prevotella and 
Bacteroides), Firmicutes (Veillonella, Streptococcus and Staphylococcus), and 
Proteobacteria (Pseudomonas, Haemophilus, Moraxella, Neisseria and Acinetobacter) [10]. 

 

Recent research in metagenomics revealed that the gut microbiome is not just a passive 
bystander, but integrates environmental factors with genetic and immune signals that 
actively impact multiple host functions, including circadian rhythmicity, nutritional 
responses, metabolism, and immunity [11,12]. The maintenance of this interaction, 
regulates the immune response by inducing protective responses to pathogens and the 
utilization of regulatory pathways involved in sustained tolerance to innocuous antigens; 
influencing susceptibility to many diseases and immune-mediated disorders [13,14]. Among 
many other factors, the use of antibiotics, anti-ulcer and other drugs is known to alter the 
intestinal flora, greatly affecting the human microbiome [15,16]. Consequently, a dysbiotic 
microbiome cannot perform the functions mentioned above, being associated with a large 
number of health problems of metabolic and immunological etiology, as well as 
susceptibility to the development of infectious diseases [17,18]. 

 

Tuberculosis is a communicable disease caused by the bacillus Mycobacterium 

tuberculosis, it is considered one of the 10 leading causes of death worldwide and the 

leading cause of death from a single infectious agent (above HIV/AIDS). It is a global health 

problem that has a high morbidity and mortality rate [19]. It sickens more than 10 million 

people each year and kills 10-20% of them, about a quarter of the population [20,21]. 

Approximately, one quarter of the world's population is latently infected with M. 

tuberculosis [22,23]. Globally, new TB cases have been reduced by 15%, however, 

multidrug-resistant patients have increased, with Peru being among a list of 30 countries 

with a high burden of multidrug- resistant patients. According to the Peruvian 

Epidemiological Bulletin, it is mentioned that the burden of TB in 2018 was 31,668 cases, 

presenting a total of 27,575 new cases [24]. 
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The presence of M. tuberculosis causes dysbiosis of the airway microbiota in patients 
infected with this bacterium, reporting the presence of opportunistic bacteria in sputum 
samples of patients with tuberculosis prior to treatment; this suggests that the pulmonary 
microbial environment in patients infected with tuberculosis may become more susceptible 
to colonization by foreign and opportunistic microorganisms [25]. This may contribute to 
the pathophysiological processes associated with the disease, i.e., susceptibility, 
progression, resistance to treatment regimens and chronicity of pulmonary disease, as 
suggested by the study conducted by Maede Nakhaee, where the imbalance of the 
pulmonary microbiota and the presence of some bacterial species in TB patients not only 
influence the latency of M. tuberculosis and the manifestation of the disease, but may also 
be determinants of a greater progression of the disease and the failure of the recovery 
process [8]. 

 

Distinct findings have also been reported in characterizing the microbial diversity associated 
with M. tuberculosis in which the microbiome is not as varied [6]. However, a common 
finding in these studies is that, despite little variation, the pulmonary microbiota in TB 
patients differs from that of healthy individuals [26]. It should be noted that few studies 
report results on the microbiome associated with TB infection [6,27]. 

 

With the advent of the new techniques of massive non-culture-dependent gene 
sequencing, developed from the Human Microbiome Project, it has become possible to 
determine the types of microorganisms that are present in the different organs of the 
human body, both diseased and healthy, as well as the role they play in the interaction with 
host [1,8,28]. In addition, they make it possible to read in parallel innumerable DNA 
sequences or fragments (whole metagenomes) [29], techniques that are very useful in the 
clinic, since they allow to massively obtain DNA sequence data in a short time, allowing to 
expand knowledge in order to establish the denomination of normal and healthy 
microbiome, as well as some factors that could disrupt the human microbiome [1]. Such 
analyses have become accessible due to the remarkable progress in next-generation 
sequencing (NGS) in revealing the importance of the microbiome for human health, having 
been used to characterize the microbiome of the intestine, vagina, respiratory tract and oral 
cavity among others [27]. 

 

It becomes necessary, to identify the microbiome present in sputum samples of patients 
with clinical diagnosis of pulmonary tuberculosis by NGS, considering the possibility that 
changes in the pulmonary microbiome may also influence the inflammatory process that 
determines the formation of granulomas in M. tuberculosis infection [9]. The study also 
considers the evolution of the disease, its susceptibility-resistance to treatment and 
prognosis of TB. Thus, highlighting its impact on the health status of patients; 
promotingat this is examined and quantified to improve the diagnosis, prognosis, therapy 
and prevention of infectious diseases including tuberculosis [30,31]. 

 

Based on this background, the research aims to identify the microbiome present in sputum 
samples in patients with clinical pictures of tuberculosis using NEW GENERATION 
SEQUENCING (NGS). 
 

 

https://www.sciencedirect.com/science/article/abs/pii/S0882401017311932#!
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MATERIAL AND METHODS 
 
The study was carried out on sputum samples from patients with clinical diagnosis of 
tuberculosis from the Hospital III Regional Honorio Delgado Espinoza and EsSalud 
Yanahuara Arequipa – Peru. The confirmation of the presence of M. tuberculosis was 
provided by the respective laboratories using conventional methods, staining and culture. 
There was a total of 28 samples (20 untreated, 6 treated and 2 TB - multidrug resistant), 
and 8 control samples. The samples were transferred in cold chain to the Human 
Morphology Research Laboratory of the Faculty of Medicine of the Universidad Nacional de 
San Agustín de Arequipa - Peru. 
 
DNA extraction and identification of M. tuberculosis for testing of each sample 

 
Bacterial DNA extraction was performed using the Silica method with the Macherey - Nagel 
DNA Extraction kit. The DNA was extracted and purified through a silica column according 
to the manufacturer's recommendations. First, the DNA adheres to the silica of the column, 
followed by washes with buffers containing 70% ethanol; finally, the DNA eluted in BE buffer 
was stored at -20 °C for later use. 

 

For bacterial DNA testing, the 16S rRNA gene was amplified by polymerase chain reaction 
(PCR). Then, the identification of M. tuberculosis was carried out using the primers: TB1, 
TB2 and TB3 (Table 2) of the IS6110 region, for which a reaction was prepared with 15 ul of 
Mix TAG Polymerase, 1ul of Forward and 1ul of Reverse, 2 ul of DNA from each sample and 
ultrapure water to a final volume of 30 ul. The amplification conditions for TB1, TB2 and 
TB3 are shown in Table 2. For visualization of extracted DNA and the different amplicons, 
electrophoresis was performed on a 2% agarose gel stained with SyberSafe, using a 100- 
base pair (bp) reference marker (BIOLINE) (Major Science MP-310). 

 
Table 1. Characteristics of the primers and their conditions for PCR. 

Primer Primer Sequence Size Cycles 

 

TB1 
5' CAA GGC TTC AAT TCC TCC GGT GAT GCC 3' 
5'-TGGTCCGGTTTTCATCATACTCGGGCTGG-3' 

 

285 bp 
94°C - 1 min 
70°C - 1 min 35 
72°C - 0.4 min 

 
TB2 

5' TGG TCC GGT TCA TAC TCG GGC TGG 3' 
TCG TCG GGC TGG 3' 
5'-CCTGCGAGCGTAGGCGCGTCGG-3' 

 
123 pb 

94°C - 1 min 
66°C - 1 min 35 
72°C - 0.4 min 

 

TB3 
5'- CTC GTC CAG CGC CGC CGC TTC GG - 3' - 
5'- CTC GTC CAG CGC CGC CGC TTC GG - 3' 
5'-GCGGGGCAAGGTACGTCAGAAC-3' 

 

541 bp 
94°C - 1 min 
65°C - 1 min 35 
72°C - 0.4 min 

 
16SrRN

A 

5'-ACG GTG GGT ACT AGGT TGT GGG TGG 
TTTC-3' 
5'-TCT GCG ATT ACT AGC AGC GAC TCC GAC 

                       TTCA-3'  

 
543 bp 

94°C - 1 min 
60°C - 1 min 35 
72°C - 0.4 min 

 

 

Table 1 describes the primers used for the identification of M. tuberculosis, their sequence, 
size in base pairs (bp) and their respective conditions necessary for PCR amplification. 
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Molecular sequencing of the microbiome 

 
DNA was amplified using specific primers targeting the V4: 515F -806R 
(5'GTGCCAGCMGCCGCGGGGTAA3') (5' GGACTACHVVGGGGGTWTCTAAT 3') region of the 
bacterial 16s rRNA gene. The primers also carried the Illumina MiSeq sequencing adapter 
(16S Amplicon PCR). All PCR reactions were carried out with Phusion® High-Fidelity PCR 
Master Mix (New England Biolabs). For quantification of PCR products, the same volume of 
1X loading buffer (contained SYB Green) was mixed with PCR products and electrophoresis 
was performed on a 2% agarose gel for detection. Samples with a bright main band between 
400 - 450 bp were chosen. And 16S rRNA amplicons were purified with Qiagen Gel 
Extraction Kit (Qiagen, Germany). Library preparation was performed with Ion Xpress TM 
Plus fragment library kit (Thermo Fisher Scientific). 

 
Finally, the library was sequenced on an Illumina MiSeq platform (Illumina MiSeq 
sequencing system, USA) at Novogene Inc. USA. The choice of this method over other next- 
generation sequencing (NGS) systems was chosen because of its ability to generate millions 
of reads at once. 
 
Bioinformatics analysis 
 
The raw data were merged and filtered to obtain clean data for veracity. The effective data 
were used to make OTU (Operational Taxonomic Units) groupings and species annotation 
for the respective sequence of each OTU. The microbial composition and diversity of the 
samples was analyzed using QIIME v1.9.1 (Quantitative Insights into Microbial Ecology). 
Clustering (OTUs) was performed using the UCLUST and USEARCH algorithms. The alpha 
diversity of each of the samples was calculated from their richness (number of OTUs 
observed and estimated using Chao's index1), dominance (Simpson's index) and diversity 
(Shannon's index). Linked pair reads were merged using FLASH (V1.2.7), Quality filtering on 
the raw sequences was performed under specific filtering conditions to obtain the high- 
quality clean sequences, according to Qiime (V1.7.0). The sequences were compared with 
the reference database (Gold database) using the UCHIME algorithm (UCHIME algorithm), 
to detect chimera sequences. 
 

OUT and species annotation 

Sequence analysis was performed using Uparse software, using all effective sequences. For 
each representative sequence, the Mothur software was contrasted with the SSUrRNA 
database and the SILVA database for the identification of species in each taxonomic rank 
(Threshold: 0.8 ~ 1), (kingdom, phylum, class, order, family, genus and species). To obtain 
the phylogenetic relationship of all representative OTU sequences, the MUSCLE program 
(Version 3.8.31) was used. All the data obtained above were used for the subsequent 
analysis of alpha and beta diversity. 

 

Bacterial species diversity analysis. All these indices in the samples were calculated with 
QIIME (Version 1.7.0) and displayed with R software (Version 2.15.3). 
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RESULTS 
 

The sputum samples collected by the respective hospitals showed a positive diagnosis of 
tuberculosis and confirmation of the presence of M. tuberculosis was provided by the 
respective laboratories using conventional methods, staining and culture (Table 2). 
 
Determination of the presence of Mycobacterium tuberculosis by PCR 
 
For the diagnosis of tuberculosis by PCR of sputum samples, three primers coded as TB1, TB2 
and TB3 were used, with amplification bands of 285 bp, 123 bp and 541 bp respectively, the 
presence of these bands corresponds to the repetitive element of the insertion site IS6110 
which will indicate whether the sample is positive or negative for 
M. Tuberculosis. The result of each of the primers with each working group (Group B, C and 
D) is expressed in percentages in Table 3, where it can be seen that all the samples were 
positive for M. Tuberculosis, but among the primers used TB2 with 123pb was the one that 
showed the highest percentage of amplification at the time of identification, since most of 
the samples processed were positive for this primer compared to primers TB1 and TB3, both 
for new patients, with treatment and Multidrogo-Resistant. Taking into account these 
results, a good identifier of M. Tuberculosis could be considered. 

 
 
 

Table 2. Characteristics of the patients, classified into 
groups 

 

 Patients without 
treatment 
"Group B 

n= 20 

Patients with 
"Group C" 
treatment 

n= 6 

Multidrug- 
resistant patients 

"Group D". 
n= 2 

Patients without 
tuberculosis 

"Group A 
n= 8 

Age 45(22-85) 49(23-69) 53 (25-60) 

Male 60% 17% 100% 50% 

Female 40% 83% 0% 50% 

     
 

In this study, the samples of patients diagnosed with tuberculosis ranged in age from 22 to 
85 years. Group B is made up of 60% males and 40% females, with 100% positive cases for 
bacilloscopy and 85% for culture. As for group C, 17% of samples corresponded to males 
and 83% to females, 100% of cases were positive for bacilloscopy and 33% were positive 
for culture. For group D, 100% of cases corresponded to males and 100% of cases were 
positive for smear microscopy and culture. In group A (control), the ages ranged between 
25 - 60 years, where 50% were women and 50% men. 

Positive 
bacilloscopy 
(%) 

100% 100% 100%  

Sputum 
Culture 
Positive (%) 

85% 33% 100%  
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Table 3. Identification of sputum samples of groups B, C and D by PCR using primers TB1, 
TB2 and TB3 

 

Primers Patients without "B" 
treatment 
n=20 

Patients with "C" 
treatment 
n=6 

Multidrug-Resistant 
Patients "D". 
n=2 

TB1 85% 33% 100% 

TB2 90% 83% 100% 

TB3 95% 17% 100% 

 

Using primers TB1, TB2 and TB3, all samples were positive for M. Tuberculosis. In the group 
of untreated patients "B", the primer with the highest identification percentage was TB3 
(95%). In the group of patients with treatment "C", the primer with the highest 
identification percentage was TB2 (83%). 



 
Nat. Volatiles & Essent. Oils, 2021; 8(6): 4198-4217 
 

 
 
 

Figure 1. OTU tree of Group A. 

 

To explore the dominant bacterial species, the results were annotated using the 
GraPhlAn diagram. The reading of the graph in the circle goes from inside to outside, 
where the names of different classification levels are observed, and the abundance of 
the species is proportional to the size of the circle, the different colors represent 
different Phyla. 

 

The OTU tree (Figure 1) expresses the phyla present in sputum samples from patients 
without tuberculosis (control group). The most abundant phyla were Firmicutes and 
Bacteroidetes followed by Proteobacteria, Actinobacteria, Fusobacteria and a very small 
group of unidentified bacteria. 
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Figure 2. Taxonomy tree of sputum samples. 

The taxonomic division of the sputum samples belonging to the groups (A) patients 
without tuberculosis, B) patients without treatment, C) with treatment, and D) 
multidrug-resistant) is observed. 

The taxonomic tree (Figure 2) shows the 10 main genera in high relative abundance, 
with each color representing a study group. The size of the circles represents the relative 
abundance of species. The first number below the taxonomic name represents the 
percentage in the whole taxon, while the second number represents the percentage in 
the selected taxon and its percentage of abundance with respect to the Microbiome. 

The study groups, which are distributed by A, B, C and D, show that the most abundant 

genus is Prevotella with 18.13% and the least abundant is Staphylococcus with 0.58%. In 

group A, the dominant genera were Prevotella and Veillonella; while in groups B and C 

the dominant genera were Prevotella, Veillonella and Streptococcus. And in group D, the 

dominant genera were Neisseria and Alloprevotella (Fig. 2). 
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Figure 3. Differences in relation to the relative abundance of groups A, B, C and D. 

Group A (control) shows the highest relative abundance of bacteria belonging to the 
phylum Firmicutes followed by Bacteroidetes. Groups B (patients without treatment) 
and C (patients with treatment) show the highest relative abundance of bacteria 
belonging to the phylum Firmicutes followed by Bacteroidetes and Proteobacteria, in 
comparison with group D (multidrug-resistant patients), in which the highest relative 
abundance is found in the phylum Proteobacteria, followed by Bacteroidetes and 
Firmicutes. 
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Figure 4. Cluster heat map showing abundance. 

 

 
The similarity and difference of the microbial diversity of the sputum samples, classified 
in 4 groups: A, B, C and D; resulting in 35 genera and 7 predominant phyla. 

In group A, the most abundant phylum is Firmicutes with the genera (Oribacterium, 
Parvimonas, Megasphaera, Lachnoanaerobaculum and unidentified Veionellaceae), also 
found in greater concentration are the phyla Proteobacteria (Acutebacillus 
cActinobacillus) and Fusobacteria (Fusobacterium and Leptotrichia). It is important to 
mention that there is an outstanding abundance of unidentified phyla (including the 
genus Campylobacter and a genus unknown to the database). However, the bacteria 
found in lower abundance belong to the phyla Actinobacteria (Atopobium) and 
Firmicutes (Streptococcus). 
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In group B, the Proteobacteria phyla are found in greater abundance with the genera 

(Pseudomona, Rickettsiales, unidentified), Bacteroidetes (Capnocytophaga), Firmicutes 

(Staphylococcus, Enterococcus) and Actinobacteria (Mycobacterium). On the other 

hand, the genus with the lowest abundance of bacteria is mainly Haemophilus. 

In group C, the highest bacterial abundance was found in the phyla Proteobacteria with 

the genera (Moraxella and Enterobacteriaceae not identified) and Firmicutes 

(Streptococcus, Gemella and Lactobacillus). The Bacteroidetes phyla (Alloprevotella and 

Porphyromonas), Proteobacteria (Neisseria), and a group of unidentified bacteria were 

found in lower abundance. 

In group D, a marked abundance of the phyla Proteobacteria is noted with the genera 

(Aggregatibacter, Eikenella and Neisseria), Bacteroidetes (Alloprevotella and 

Porphyromonas) and Actinobacteria (Scardovia). Within this group, the lowest 

concentration corresponds to the phyla Bacteroidetes (Prevotella and Prevotellaceae 

not identified), Firmicutes (Veillonella) and Actinobacteria (Rothia) (Figure 4). 

 
 

DISCUSSION 
 
The study of microbiome related to infectious diseases such as tuberculosis is just being 
addressed in the environment. The 16S rRNA gene is used for the identification of 
bacterial DNA and presents hypervariable regions V1-V3 and V4-V5, although the V1-V3 
region has a wider taxonomic coverage, it is known that the V4-V5 region provides a better 
identification of bacterial genera as reported by Drengenes et al.(2021) [32]. In the 
resesarch, the V4 region was used to obtain the profile of the microbial community 
present in sputum samples, using high-throughput sequencing (NGS). 

For the identification of the presence of M. tuberculosis, three primers of different 
repetitive elements of the IS6110 insertion site described in Table 2 were used, of which, 
primer TB2 (123bp) amplified for a greater number of samples compared to TB1 and 
TB3, results that agree with what was reported in the study done by Ogusku et al. (2004), 
where it was found that the IS6110 sequences in the genome of all strains isolated from 
tuberculosis patients in the state of Amazonas (Brazil), amplified in the 123 bpb primer 
fragment [33]. The similarity between the two studies would be related to the 
demographic and cultural conditions shared by both countries in terms of population. 

 

Figure 1 (Graphlam diagram) present, in the group of individuals without tuberculosis, 
the phylum level and in order of abundance: Firmicutes, Bacteroidetes, Proteobacteria, 
Actinobacteria and Fusobacteria. This is in agreement with the findings of O'Dwyer et al. 
(2016) and Dickson et al. (2016), and Finlay et al. (2019), where the phyla Bacteroidetes, 
Firmicutes, Proteobacteria and Actinobacteria are reported with greater predominance 
in samples from patients without tuberculosis [34-38]. 



 
 

18  

Likewise, in the findings described by Yu et al. (2016), it is mentioned that the 
Proteobacteria phylum is more abundant in the healthy lung [39]. 

 
Figure 2 reports at the genus level the presence of: Prevotella, Veillonella, Streptococcus, 
Neiseria, Alloprevotella and Gemella, results concordant with that reported by Dickson 
et al. (2017) and Somariva et al. (2020) on sputum samples in healthy patients [40,41]. 
Although there is concordance in diversity at the phylum and genus level between these 
results and those described in other studies, it can be noted that there is a slight 
variation in their abundance, which may be mainly due to the endemic and demographic 
characteristics of the populations studied. 

 

Figure 3 (bar graph) present an increase in the abundance of the phylum Firmicutes and 
decrease of Bacteroidetes in untreated and treated tuberculosis patients, in the latter 
group the variation was more noticeable. The predominance of Firmicutes in both 
groups agrees with that reported by Krishna et al. (2016) on Indian patients with 
untreated tuberculosis 
[27] and by Valdez Palomares et al. (2021) in Mexico City [42] on patients with untreated 
and treated tuberculosis. On the contrary, in this same study, an increase in the 
abundance of Bacteroidetes is also described in the mentioned groups [43]. This 
discrepancy is also present in the report by Hu Y et al. (2020), who mentions a higher 
abundance of Proteobacteria in relation to Firmicutes and Bacteroidetes in patients with 
pulmonary tuberculosis [44]. 

Knowing that members of the phylum Firmicutes produce short-chain fatty acids (SCFA) 
such as butyrate, which exerts effects on immunomodulation and anti-inflammatory 
response [45,46], it could be that during the dysbiosis produced by M. tuberculosis 
infection, there has been an increase in commensal bacteria that would generate the 
ideal environment for the development of Mycobactyerium tuberculosis. 

On the other hand, the discrepancy between the abundance of phyla found in our study 
in patients with treatment and that reported by other authors may be due to the 
antituberculosis treatment schedule which produces a profound alteration of the 
intestinal microbiome and therefore of the pulmonary microbiome according to the 
study conducted by Namasivayam et al. (2020) [47]. 

 

Figure 3 shows the alteration in the abundance of the pulmonary microbiome of 
multidrug- resistant patients, where the increase in the abundance and predominance 
of the Proteobacteria and Bacteroidetes phyla can be noted, as well as the marked 
decrease in Firmicutes phylum compared to the groups of patients without tuberculosis, 
with untreated tuberculosis. These results are consistent with those reported in the 
study by Luo et al. (2017), who reported a significant enrichment of Proteobacteria and 
decrease of Bacteroidetes and Firmicutes in multidrug-resistant patients [48]. Likewise, 
Wang et al. (2020), reported an altered microbiota and a loss of richness during treatment 
of multidrug- resistant patients that persists for 3 to 8 years after recovery and 
discontinuation of treatment [49,50]. 
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The Cluster Heat map (Figure 4) displays the diversity and abundance at the genus level 
in the 4 groups. A greater diversity is observed in the group of patients diagnosed with 
tuberculosis without treatment, represented in order of abundance mainly by 
Streptococcus, Veillonella, Neisseria, Mycobacterium, Gemella, Enterococcus, 
Pseudomonas, Staphylococcus, Alloprevotella. This diversity is maintained in patients 
with a diagnosis of tuberculosis with treatment but with a decrease in the abundance of 
these genera, due to antituberculosis treatment, with the exception of Streptococcus and 
Gemella which increased their abundance slightly [51-54]. On the contrary, in multidrug-
resistant patients, this diversity has been lost, and the abundance of opportunistic 
bacteria such as Alloprevotella, Neisseria, Aggegatibacter, Eikenella, Haemophilus and 
Porphyromonas increased, the latter is found in a very high concentration and according 
to Zhou Y et al. (2015), this genus may be an important cofactor in the formation of lung 
lesions, because its proportion was significantly higher within the lung lesions in their 
group of patients with tuberculosis [55]. However, because the samples from group D 
are very scarce, further studies are suggested. 

 
Finally, it is important to mention that within each group evaluated there were slight 
variations in the abundance of species, taking into consideration that the microbiome of 
each human being differs in terms of the types of microorganisms, the population of 
each species and the relationship between them; and that therefore, human health and 
disease are related not only to the microorganisms present, but also to the expression of 
the genes that they harbor and the host genes. It is believed that these variations in the 
abundance of the pulmonary microbiome of the groups evaluated may be related to 
individual characteristics related to factors such as: (1) type of delivery; (2) age; (3) type 
of breastfeeding, nutrition and/or malnutrition during infancy; (4) eating habits in 
adulthood; 
(5) use of medications such as anti-ulcer antibiotics, corticosteroids; (6) lifestyle and 
work environment, among others [56-60]. 
 
CONCLUSION 
 

The study identified the diversity and abundance at phylum and genus level using Next 
Generation Sequencing in individuals with tuberculosis, with diagnosis of tuberculosis 
without treatment, with treatment and Multidrogo-Resistant patients, finding a marked 
variation in the Microbiome present in sputum samples associated with Tuberculosis. 
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Support Information 

 

SFig 1. OTU tree of Group A. The circle goes from inside to outside representing 

abundance at the Phylum and Order level (SFig.1). 

SFig 2. Taxonomy tree of sputum samples. Represents the taxonomic division at the 
level of Phylum, Order, Family, Genus and Species in the evaluated groups (SFig.2). 
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