Original

Genetic diversity of Mycobacterium tuberculosis in Ecuador
assessed by MIRU-VNTR analysis of sputum smear samples from
primary health care centres

Patricia Jiménez-Arias’-23, Stalin Bedén?#, Bryan Cevallos-Rocha’, Alexis Naula-Guambo', Héctor Javier Sanchez-Pérez35,

Natalia Romero-Sandoval?3

'Departamento de Ciencias de la Vida y de la Agricultura. Universidad de las Fuerzas Armadas — ESPE. Sangolqui. Pichincha. Ecuador. *School of Medicine.
Universidad Internacional del Ecuador. Quito. Ecuador. *GRAAL. Grups de Recerca dAmerica i Africa Llatines. Barcelona. Espana. “Ministry of Public Health of
Ecuador. Quito. Ecuador.’El Colegio de la Frontera Sur (ECOSUR). El Colegio de la Frontera Sur Health Department. San Cristébal de Las Casas. Chiapas. México.

Key words:

Mycobacterium tuberculosis.
Genotyping. Sputum smear.
Primary care. Ecuador.

Palabras clave:

Mycobacterium tuberculosis.
Genotipificacion. Frotis de esputo.
Atencion primaria. Ecuador.

Summary

Background: Tuberculosis is caused by Mycobacterium tuberculosis (MTB), with 10.8 million cases and 1.25
million deaths in 2023. Understanding molecular epidemiology and improving diagnosis requires MIRU-VNTR
genotyping. This study aimed to determine the genetic diversity of MTB in Quito, Ecuador, using DNA extracted
from Ziehl-Neelsen-stained smear slides (ZN-s) collected between 2019 and 2021 in primary care centres.
Material and methods: A cross-sectional-experimental design was performed with 11962 ZN-s, of which
5852 met the inclusion criteria. All smear-positives (n = 37) and a random sputum of smear-negatives (n = 203)
were analysed. The variables examined were gender, age and blinded rechecking of ZN-s. Genetic diversity was
explored by 12-MIRU-VNTR.

Results: Of 5852 ZN-s, 0.6% were positive. Read and re-read concordance was high (Kappa = 0.99). Young
men were more likely to have tuberculosis (p <0.05). MIRU-types were obtained from 9/37 positive ZN-s: 66.7%
sublineage EAI-lineage 1, 22.2% sublineage S-lineage 4, and 11.1% unidentified.

Conclusions: This first Ecuadorian study using 12 MIRU-VNTR on stored sputum smears suggests Indo-Oceanic
lineage 1 is the most frequent followed by Euro-American Lineage 4. A larger sample is needed to confirm
lineage prevalence and fully assess the genotyping approach directly from stored positive ZN-stained smears.

Diversidad genética de Mycobacterium tuberculosis en Ecuador evaluada
mediante anadlisis MIRU-VNTR de muestras de esputo obtenidas en
atencion primaria

Resumen

Fundamentos: En 2023, Mycobacterium tuberculosis (MTB) provocé 10.8 millones de enfermosy 1.25 millones de
muertes. La genotipificacion MIRU-VNTR es necesaria para mejorar el diagndsticoy comprender la epidemiologia
molecular. Determinamos la diversidad genética de MTB utilizando ADN extraido de muestras de frotis tefiidas
con Ziehl-Neelsen (ZN-s) recolectadas en centros de atencién primaria (CAP) en Quito, Ecuador entre 2019y 2021.
Material y métodos: Se incluyeron 5852/11962 ZN-s en un estudio transversal y experimental. Se analizaron
todos los frotis positivos (n = 37) y una muestra aleatoria de esputos negativos (n = 203). Se analizd sexo, edad y
relectura de ZN-s, a doble ciego. Se explord la diversidad genética mediante 12 loci MIRU-VNTR.

Resultados: 0,6% ZN-s resultaron positivas. La concordancia entre lectura-relectura fue alta (Kappa = 0,99). Los
hombres jévenes presentaron mayor probabilidad de tener tuberculosis (p <0,05). Se obtuvieron MIRU-tipos
en 9/37 ZN-s: 66,7% del sublinaje EAl-linaje 1; 22,2% del sublinaje S-linaje 4;y, 11,1% no fueron identificados.
Conclusiones: Este primer estudio ecuatoriano que utiliza 12 MIRU-VNTR en frotis de esputo almacenados su-
giere que el linaje indo-ocednico 1 es el mas frecuente seguido por el euro-americano linaje 4. Se necesita una
muestra mas amplia para confirmar la prevalencia del linaje y evaluar completamente el enfoque de genotipado
directamente a partir de frotis positivos tefiidos con ZN almacenados.
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Introduction

Mycobacterium tuberculosis (MTB) is a facultative intrace-
llular microorganism with unique phenotypic attributes that
give it resistance to several antibiotics, along with the ability
to survive in harsh environments. This bacterium is responsible
for tuberculosis (TB), an infectious disease that primarily affects
the lungs and is transmitted when a sick person coughs, speaks
or sputters, is treatable and the means exist to prevent deaths
from this cause.In 2022, 10.6 million people contracted TB and
about 1.30 million died from it globally’. In that year, the Ecua-
dorian National Tuberculosis Prevention and Control Strategy
(ENPCTB) of the Ministry of Public Health (MoPH) reported
6 872 TB cases, a cumulative incidence rate of 38 cases per
100 000 population?.

In Ecuador, diagnosis is generally based on sputum smear,
which is performed in some Primary Health Care Centres (PHCC)
that have the necessary laboratory facilities. In at risk groups,
culture and nucleic acid amplification tests are also used to
detect both MTB complex bacteria and rifampicin resistance’.

Molecular epidemiology of TB, on the other hand, allows
characterisation of active transmission, distinguishing between
recentinfection and reactivation, determining whether all strains
have similar epidemiological characteristics in populations, un-
derstanding transmission dynamics at the population or cluster
level, and identifying outbreak?.

MIRU-VNTR genotyping is a method based on Polymerase
Chain Reaction (PCR) amplification of 12, 15 or 24 loci that cal-
culates their size and the number of repetitive units*s. Amplifi-
cation of 12 MIRU-VNTR loci has moderate discriminatory ability
to determine lineages and sub lineages of MTB isolates from
mycobacterial cultures’. The identification of loci with higher
discriminatory power allows the selection of specific loci that
can save time and costs and ensure reliable genotyping results®.
This scheme was selected as it offers a balance between discri-
minatory power and operational feasibility in resource-limited
settings, in situations where culture samples are unavailable or
difficult to obtain, or when rapid typing is required, such as for
outbreak control®’. In this context, this study aimed to determine
the genetic diversity of MTB using the MIRU-VNTR technique with
DNA recovered from sputum smear collected from three PHCC
unitsin Quito, Ecuador, 2019-2021, and as secondaries objectives,
it sought to analyse the association between the results of the
sputum smears analysed with age and sex, and to conduct an
analysis of the concordance between the initial reading and the
rereading of the sputum smears. Despite being recognised for its
effective implementation of the ENPCTB, Ecuador’s capital (Quito)

has not been the focus of epidemiological studies evaluating
novel molecular techniques, such as the use of DNA recovered
from sputum smears for strain typing, drug resistance profiling,
and transmission tracking. This gap is particularly notable given
the city's role as a national reference for TB control efforts.

Materials and methods

The present study had two components: the first, a cross-sec-
tional design, and the second, an experimental study. The STROBE
guidelines for observational studies were used to structure this
report®. The sputum smear analysed in this study correspond to
the period 2019-2021 and come from the TB laboratory smear co-
llection of all (three) PHCC of MoPH, located in the south-eastern
area of Quito, Ecuador, which kept Ziehl-Neelsen stained (ZN-s),
coded smears and an electronic data-base standardised by the
ENPCTB. These three PHCC provide the TB laboratory diagnostic
test for TB in the aforementioned area, which has an estimated
population of approximately 90,000 inhabitants, of which around
70% are covered by MoPH'. Both positive and negative smears
were considered, one per person with respiratory symptoms
(PRS) over 18 years of age who had not received TB treatment and
who had the required demographic information. Sputum smears
that were outside the study period, in poor staining condition,
broken or with illegible codes were excluded, as well as those
corresponding to treatment controls, to persons under 18 years
of age and who did not have complete information required in
the database.

Demographic variables analysed were gender and age. The
accuracy and reproducibility of smear microscopy readings were
assessed by comparing results from the health unit laboratory
with re-readings in the research laboratory, categorizing results
by AFB count and as positive/negative. The variables DNA purity
A260/A280, A260/A230 and DNA concentration were handled
as continuous variables.

A new code was assigned to all sputum smears considered
in the study to mitigate possible selection and reading biases.
The only source of information used to obtain the PRS data was
the standardised electronic database of the ENPCTB of the PHCC
studied. The smears were placed in an airtight container made of
resistant plastic to protect them from shocks and vibrations during
transport. Bubble wrap was used for packaging to avoid gaps
between the smears. The containers were identified with nume-
rical codes. The sputum smears were kept at room temperature.
The transport service between the health units and the research
laboratory ensured a quick and direct arrival to avoid delays that
could affect the samples, accompanied by the shipping form.
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Figure 1. Sample flowchart summarizing sample inclusion.
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To minimise confounding, all variables available in the elec-
tronic database were considered, and both positive and negative
smears for re-reading followed by DNA identification. Figure 1
illustrates the sample flowchart summarizing sample inclusion.

Extraction of DNA from smear microscopy
slides after storage

The sputum smears were pre-treated with Neo-Clean (Sigma-
Aldrich™) and Net-10 buffer (Laboratory-prepared samples) for
five minutes and washed with autoclaved distilled H,O. The
sputum smear was collected in a 1.5 mL microtube with 200 uL
of TE buffer (Tris - EDTA). The Minikit QlAamp DNA™ protocol for
isolation of genomic DNA from Gram-positive bacteria was used
according to the manufacturer's instructions. Finally, the extrac-
ted DNA was quantified by spectrophotometry (Multiskan Sky
Microplate Spectrophotometer™), determining the concentration
(ng/ul) of DNA and the A260/230 and A260/280 ratios'".

Genotyping (MIRU-VNTR)

Amplification of 12 molecular markers (MIRU 02, 04, 40, 10,
16, 20, 20, 23, 24, 26, 27, 31 and 39) was performed as descri-
bed in Supply, et al, 2006°. DNA at 5 ng/ul of H37Rv grown in
Lowenstein-Jensen (LJ) medium was used as a positive control
and ultrapure H,O as a negative control. For PCR amplification,
the enzyme Platinum™Tag DNA Polymerase from Thermo Scien-
tific™ was used in a final volume of 10 ul with 3 ulL of total DNA
extracted from the samples. To visualise the amplification of the
PCR products, horizontal gel electrophoresis was performed in
1.8% agarose. Thermo Scientific™ 100 bp GeneRuler DNA was
used as molecular weight marker and the electrophoretic run
was performed at 100V, 300 mA for 100 minutes.

MIRU genotyping

To obtain the molecular weight and the number of repeats
of each molecular marker, Image Lab software version 6.1 was
used, the mirutype was analysed on the free access platform
www.miru-vntrplus.org to determine the lineage and sublineage
belonging to each sample accompanied by its corresponding
dendrogram.

Data analysis

Data were entered into Excel and exported to SPSS v29 for
further analysis. The variables are described in terms of relative
and absolute frequencies. Associations between smear result and
factors under study were assessed using binary logistic regres-
sion.The results are expressed in terms of crude and adjusted OR
and their 95% Cl. Cohen's Kappa coefficient was used to assess
concordance between smear reading and re-reading results to
verify that routine health unit readings matched the research
team’s re-reading, ensuring correct classification of samples for
DNA extraction. Kruskal-Wallis Test was applied to compare me-
dians between three or more independent groups. A p-value for
a two-tailed test of <0.05 was considered statistically significant.

Ethical considerations

This study was approved by the Human Research Ethics
Committee of San Francisco General Hospital (CEISH-HGSF), code
CEISH-HGSF-2022-30.

Results

The database contained 12 092 registers corresponding to
PRS, both diagnostic and control, from which 11 962 smears
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were obtained. Among the 5 852 (48.9%) sputum smears that
met the inclusion criteria, all positive smears (37/5852; 0.6%)
were analysed. Of those negative (5815/5852), 203 (3.5%) were
selected at simple random (size chosen for convenience due
to time, logistical and budgetary constraints), so that the total
sample analysed were 240 sputum smears.

Table 1 shows demographic characteristics of Ziehl-Neelsen-
stained smear slides from PRS. Of the 37 positive smears, a positivi-
ty rate according to sex was 0.9% and 0.4%, for men and women,
respectively (Chi-square = 5.1, p <0.01, prevalence ratio = 2.1;
95% Cl 1.1 -4.0). In multivariate analysis, sputum smear positivity
against sex and age was correctly classified in 99.4% of cases.
There was enough evidence to suggest association between
males (adjusted OR 2.15; 95% Cl 1.11 - 4.15) and the probability
of having a positive smear test at younger age (adjusted OR 0.98;
95% C1 0.96 - 0.99).

Table 1. Demographic characteristics of Ziehl-Neelsen-stai-
ned smear slides from persons with respiratory symptoms
from three primary care centres, Quito, Ecuador, 2019-2021.

Cases Non cases Prevalence
(smear+) (smear-) (Cl95%)
All 37 5815 0.63% (0.48-0.83)
Sex-females 15 3426 0.44% (0.64-1.29)
Sex-males 22 2389 0.91% (0.29-0.66)
Age-years, mean 392 452
(C195%) (33.6-449)  (44.7-45.7)

Analysis of concordance between diagnostic
reading and re-reading of sputum smears

Of the 240 smears analysed, 99.5% of the negatives in the
re-reading corresponded to negatives in the initial reading, while
100% of the positives corresponded to positives (Cohen's Kappa
coefficient = 0.98; 95% Cl 0.97-1.00; p <0.01).

DNA extraction from smear microscopy slides
after storage

DNA extraction analysis was performed on the 37 positive
smears: 6 with less than 10 AFB per field, 18 with one cross (+),
5 with two (++) and 8 with three (+++). A mean genomic DNA
concentration was obtained by Minikit QlAamp™ of 21.7 ng/ul,
(SD 37.1), median = 8.1 ng/ul, Q1 =4.7 ng/uL and Q3 =27.7 ng/
ulL. For the absorbance ratio A260/280 a mean of 1.57 (SD 1.18),
median =138, Q1 = 1.15 and Q3 =1.70 was obtained. For the
absorbance ratio A260/230, the following values were obtained:
mean =0.98 (SD 0.91), median=0.67,Q1=0.27and Q3 =1.39.In
terms of 260/280 purity, 27/37 (72.9%) had presence of aromatics,
proteins or phenols and 10/37 (27.1%) showed optimal conditions
(Table 2).Table 3 shows the values obtained and the comparison
between groups.When comparing the medians of genomic DNA
concentration and absorbance ratio according to the smear test
categories, no significant differences were observed between
groups (p = 0.45).

Table 2. Summary of data obtained from Ziehl-Neelsen-stained smear slides (ZN-s), DNA extraction and genotyping by

MIRU-VNTR.

No. DNA A260/280 A260/230 ZN-s ZN-s

MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU

concen- reading re-rea- 2 40 10 16 20 23 24 26 27 31 39

tration ding

(ng/ul)
1 9.59 1.21 0.16 4" "+ - - - = - - - - - 3 _
2 5.20 1.65 022 R R 2 - - - - = 2 - - - _
3 1.23 1.12 0.92 i "5 AFB" = = 0 - - - - = = 0 -
4 84.29 1.63 1.70 e R = - - - 5 - - - - 0 -
5 32.65 1.30 1.79 " e - = = - - - - - . 0 :
6 551 142 051 M R = 4 = - - - - - = 3 .
7 32.65 1.89 1.29 ! ! 3 3 4 4 3 5 2 8 5 4 3
8 592 1.38 246 i s 3 1 = = - 5 = = 4 0 =
9 32.24 1.85 1.08 e s = = = = = = - - - 0 -
10 1357 1.99 0.38 " e - - - - - 10 - 5 - - 5
1 8.88 136 0.70 R £ = = 0 = = = - - - 0 0
12 63.88 1.87 237 e e 3 = = = 7 = = = 0 =
13 3.27 133 037 i ! = 4 6 = - - - - 5 4 4

(continue)

158 Enf Emerg 2025;24(3):155-163



Genetic diversity of Mycobacterium tuberculosis in Ecuador assessed by MIRU-VNTR analysis of sputum smear samples from primary health care centres

Table 2. Summary of data obtained from Ziehl-Neelsen-stained smear slides (ZN-s), DNA extraction and genotyping by
MIRU-VNTR (continuation).

No. DNA A260/280 A260/230 ZN-s ZN-s MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU MIRU

concen- reading re-rea- 2 4 40 10 16 20 23 24 26 27 31 39

tration ding

(ng/ulL)
14 347 1.10 0.77 o s 3 2 = = = 0 = = = = = 0
15 2418 1.60 0.59 S e = = = = = = = = = = 7 0
16 15.31 0.97 0.74 S e = = = 0 = = = = = = 0 0
17 8.16 1.25 3.20 e " 3 = 2 = = 2 6 2 = 5 4 0
18 1.22 0.57 0.22 4 o+ = = = 0 = = = = = = 0 0
19 11.22 1.25 1.31 R " 1 3 = = = = = = 8
20 541 1.77 0.22 Y "5 AFB" = = = 6 = 3 6 = 7 = = =
21 50.51 1.24 0.60 Y Y = = = 0 = = = = = = = =
22 4.39 1.08 0.54 e "5 AFB" = = = 7 = = = = 3 = = =
23 6.63 1.86 0.25 ! e 3 3 4 7 6 3 5 2 5 5 4 3
24 12.14 1.57 3.31 +" "1 AFB" = = = = = = = = = = = =
25 5.71 1.87 0.29 S i = = = = = = = = = = = =
26 7.86 091 0.27 e e 1 = = 3 = 2 7 = 6 5 = =
27 11.02 1.54 0.68 e " = = = = = = = = = = = =
28 5.92 29 1.07 e i = = = = = = = = = = 0 =
29 13.16 1.19 3.15 e '8 AFB" = = = = = = = = = = = =
30 0.51 0.00 0.11 o+ o+ = = = = = = = = = = 4 =
31 5.29 1.23 0.41 EEs " = = = = = = = = = = = =
32 0.11 1.04 0.26 e " = = = = = = = = = = = =
33 31.22 1.40 0.68 Y Y = = = = = = = = = = = =
34 205.60 143 1.47 e e 3 = = = = = 7 2 = 4 4 3
35 69.29 1.53 1.92 e "4 AFB" 3 3 3 4 1 2 6 3 7 4 5 3
36 245 8.00 0.00 e e = = = = = = 6 2 = = 0 =
37 3.98 1.03 043 e e 3 2 4 5 = 3 6 2 6 5 4 3

AFB: Acid-Fast Bacilli; Positive (+): 10-99 AFB observed in 100 fields; Positive (++): 1-10 AFB per field in 50 fields; Positive (+++): More than 10 AFB per field in 20 fields®.

Table 3. Determination of DNA concentration and purity in positive Ziehl-Neelsen-stained smear slides analysed from three
primary care units Quito, Ecuador, 2019-2021.

Results Number DNA concentration Purity A260/280 Purity A260/230
of sputum (ng/ml)
smears (%)
Median IQR Median IQR Median IQR
<10 AFB 6 (16.2) 8.77 826 1.36 0423 142 2.208
1(+) 18 (48.7) 7.03 961 1.34 0573 0.50 0.485
2 (++) 5(13.5) 7.85 8.68 1.03 0.630 043 0.320
3 (+++) 8(21.6) 21.73 34.64 1.52 0.340 1.5 0.998
Total 37 (100.0) 8.1 17.80 1.38 0.555 0.67 1.325
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12-MIRU-VNTR genotyping

The 12 MIRU-VNTRs were obtained for 8.1% (3/37) sputum
smears, 11to 5 MIRU-VNTRs for 16.2% (6/37) and less than 5 MIRU-
VNTRs for 75.7% (28/37) smears. Six of the 37 samples showed
optimal purity conditions. For the bioinformatics analysis, only
samples with data from 5 or more MIRU-VNTR loci, representing
24.3% (9/37) were considered. Figure 2 shows the dendrogram
detailing the sublineage of the samples under study, 66.7% (6/9)
belonging to sublineage EAl-lineage 1, 22.2% (2/9) to sublinea-
ge S-lineage 4, and 11.1% (1/9) could not be identified. In this
analysis the positive control H37Rv was included for validation of
the results. The most discriminatory MIRU-VNTR loci were found
to be the 1.644 locus (MIRU 16) with an allelic diversity (AD) of
0.96, followed by the 2,996 locus (MIRU 26) with an AD of 0.91
and the 960 locus (MIRU 10) with an AD of 0.88, while the 154
locus (MIRU 02) was the least dis-criminatory with an AD of 0.43.

Discussion

This study analysed stored ZN-stained slides from three PHCC
of south-eastern area of Quito, the largest cities in Ecuador, to
determine the genetic diversity of MTB. The main challenge was
precisely accessing ZN-s stored (2019-2021) at the PHCC for DNA
extraction, as this would have been different if the slides had
originated from a specialized TB laboratory. To our knowledge,
this is the first study in Ecuador, although this technique has
been known since 2003'?. The use of the 12-loci MIRU-VNTR as a
first-line method for MTB genotyping from sputum smears was
considered, seeing that it is an internationally validated PCR-

based technique, enables cluster screening in most scenarios,
offers excellent portability, and is comparable through databases
such as MIRU-VNTRplus. Given its lower cost and faster turna-
round time, it is ideal for laboratories with limited resources or
for continuous population-based surveillance. Nevertheless, the
12-loci set has lower discriminatory power than 15/24-loci panels,
particularly for lineages such as Beijing; therefore, 15/24-loci or
WGS panels will be considered for future studies if necessary.
This strategy aligns guidelines and reference practices, balancing
epidemiological validity, cost, turnaround time, and international
comparability'e,

To provide clear context on the origin of the stored sputum
samples, an initial epidemiological analysis was conducted. Men
showed higher smear-positive PTB, consistent with community
studies (Malaysia 2015-2019)"". The overall mean age of the PRS
was 45.2 years. This pattern aligns with a 2001 study in Andean
Ecuador, which reported the highest smear-positive PTB among
men aged 35-44'8 |tisimportant to consider given the economic
and occupational impact on this productive age, supporting with
other studies'®. The slides analysed were from PRS who sought
consultation at health services in the studied area and do not
represent the overall TB situation there; therefore, this fact needs
to be considered when assessing the results.

In relation to the smear microscopy result, a low rate of TB
positivity (0.6%) in PRS suspected of having TB was noted. Other
study found rates of 1.7%. To date, no studies from Ecuador have
specifically examined this issue and this work represents an initial
analysis of documented and stored ZN-s slides at the primary care
level. The low sensitivity of Ziehl-Neelsen microscopy -below 10*

Figure 2. UPGMA dendrogram based on 12-MIRU-VNTR from positive Ziehl-Neelsen-stained smear slides analysed from three

primary care centres from Quito, Ecuador, 2019-2021.

Tree ID Species Lineage (8 |32 (2|2 (g0 XIS IRI=lQ
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23 M. tuberculosis® S 3134 315|12[5|5([4]3

34 M. tuberculosis® EAI® 3 -1 - 21-1414]3

_|: 17 M. tuberculosis® EAI® 31-12 2 514|0

37 M. tuberculosis® EAIY 3124 51413

, 13 |4 ] [s]4]4
I 26 M. tuberculosis® EAIY T-]- . 5| -1 -
_| 8 M. tuberculosis® S 3] -1 . 410 -
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bacilli/mL for diagnosing TB is well recognized?'; however, in this
study other reasons could explain the low positivity rate observed,
such as the impact of the COVID-19 pandemic?, early-stage or
paucibacillary PTB, or limited laboratory experience?. The con-
cordance analysis between reading and re-reading in our study
was 99%, a result consistent with other studies on the subject
(95% - 100% concordance between laboratory technicians)®.
This ensured correct sample classification for DNA extraction.
The second step involved the experimental design, which
showed that DNA extraction from stored sputum smears was
consistent with the findings of Ruiz-Fuentes, et al, 2015, who
compared M. leprae DNA extraction methods and found that the
Minikit QlAamp presented significantly different concentrations
and the highest purity (1.65 +0.17 ng/uL, 1.44 + 70.09 of 260/280)
in smears with the highest number of AFB'". This result was also
consistent with those of Van Der Zanden, et al.,, 2003; Carcelén, et
al,2017;Tarhan, et al, 2009 who evaluated molecular techniques
for detecting MTB and identifying its lineages, finding that the
QlAamp Minikit consistently provided superior DNA yield and
purity compared to other extraction methods. In experiments
aimed at enhancing lineage assignment and detecting rifampin
resistance directly from Ziehl-Neelsen-stained slides or sputum
specimens, QlAamp produced much higher DNA quantities and
optimal 260/280 purity ratios, particularly in samples with a high
bacilli count'##>#, This method has demonstrated efficiency in
obtaining high quality DNA, even in degraded samples?,
Genotyping by amplification of 12 loci has been used to study
MTB strains in Brazil’, with results comparable to RFLP-IS6110,
demonstrating similar discriminatory power and concordance.
DNA concentrations were highly heterogeneous, whereas spec-
trophotometric measures of purity were generally stable, though
A260/230 revealed occasional deviations (Table 3). Research con-
ducted in China by Qiu, etal,, 2021 showed that 12 MIRU-VNTR, in
addition to representing a low workload, has good discriminatory
power for this population?. Other studies conducted in Iran and
India such as Chatterjee & Mistry, 2013 and Jafarian, et al,, 2010
demonstrated low discriminatory power for these populations,
recommending that 12 MIRU-VNTR be used in conjunction with
Spoligotyping, or that the use of more polymorphic loci be care-
fully evaluated for certain study populations®?'. Other research
by Rasoahanitralisoa, et al, 2017 and Yin, et al, 2023 suggested
increasing the number of locito 1532,33 and, other authors such
as Oelemann, etal, 2007; Sann, et al., 2020 mention that both 15
and 24 locus MIRU-VNTR typing showed similar discriminatory
power demonstrating the applicability of this technique for
population-based studies of MTB transmission3*°,

Sublineage Indo-Oceanic lineage 1 has not been reported in
Ecuador; however, a study conducted by Balcells, et al, 2015 in
Chile reports its existence®. Another study published by Wood-
man, et al, 2019 reports the existence of this sublineage in Latin
American countries such as Mexico, Brazil, Chile and Venezuela®.
The existence of this sublineage has also been reported in Co-
lombia and Peru, which makes its presence in Ecuador possible
due to the commercial exchange and migration between these
countries.

On the other hand, lineage 4 in studies conducted bet-
ween 2013 and 2016 by Garzon, et al., 2020, show this lineage
as the most prevalent in Ecuador, with 98.4% for a total of 373
study samples®. Within this lineage is the S sublineage, which
in the afore mentioned study reported a prevalence of 13.1%.
Furthermore, in another study conducted by whole genome
sequencing in 2019 in Quito, Ecuador by Zurita, et al, 2019, the
Latin American and Mediterranean (LAM) lineage was reported
to be the most prevalent®. A study investigating the transmis-
sion dynamics of TBin a coastal Ecuadorian province bordering
Colombia analysed 105 strains of the Mycobacterium tuberculosis
complex using 24-loci MIRU-VNTR and spoligotyping, and found
exclusively Lineage 4.

The study results are in concordance with Maghradze, et al.>
who mentioned that MIRU 26, MIRU 10 and MIRU 16 are among
the MIRU with the highest allelic diversity and are more relevant
when discriminating the sublineage or lineage to which a study
sample belongs. The discriminatory value of MIRU-VNTR loci
is based on the established Hunter—Gaston index, as reported
by Maghradze, et al. (2022) and others*. In this study, MIRU 16
showed allelic variation (2,4, and 6 repeats across three samples),
suggesting marker variability, though the limited sample size
prevents firm conclusions.

Although molecular epidemiology has not been widely used
in Ecuador for TB control, this study highlights its potential by em-
ploying strain typing and lineage and sublineage determination
using 12 MIRU-VNTR loci using genetic material extracted from
sputum smears. This approach may improve understanding of
how delays in TB diagnosis and treatment affect outcomes in
Latin America, a problem documented in multiple South Ame-
rican countries'#42,

Limitations. The analysed slides corresponded to individuals
could differ from the broader population in the studied area.
The 12-loci set has reduced resolution compared to 15/24-lodi,
which could limit the differentiation of closely related strains and
overestimate clustering. Limited DNA yield, possible degradation,
and PCR inhibitors may have reduced MIRU-VNTR efficiency and
hindered lineage determination.
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Conclusions

Genotyping by 12-MIRU-VNTR from positive ZN-s allows
the identification of Indo-Oceanic Lineage 1, followed by Euro-
American Lineage 4 from primary care settings. A larger sample is
needed to confirmlineage prevalence and fully assess genotyping
directly from stored positive ZN-s to improve tuberculosis control.

Author contributions

The following authors Stalin Bedon, Bryan Cevallos, Alexis
Naula, Héctor Javier Sdnchez-Pérez, Natalia Romero-Sandoval, Pa-
tricia Jiménez-Arias participated in conceptualisation, methodo-
logy, software, validation, formal analysis, research, resources, data
curation, writing-preparing the original draft, writing-revising and
editing, visualisation, supervision, project management, acqui-
ring funding. All authors have read and approved the published
version of the manuscript.

Funding

This research received funding from the Universidad Inter-
nacional del Ecuador (DGF- 07022021) and the Universidad de
las Fuerzas Armadas ESPE, 2022.

Acknowledgments

The authors would like to thank the Ministry of Public Health
of Ecuador, Zona de Salud 9, for their participation in this research.

Bibliography

1. World Health Organization. Global Tuberculosis Report.; 2024. https://
www.who.int/teams/global-programme-on-tuberculosis-and-
lung-health/tb-reports

2. Ministerio de Salud Publica. Tratamiento de la infeccion por
tuberculosis, tuberculosis sensible y resistente, Gufa de Practica
Clinica. Published online 2024. chrome-extension://efaidnbmnn-
nibpcajpcglclefindmkaj/https://www.salud.gob.ec/wp-content/
uploads/2024/06/GPC-Tratamiento-de-la-infeccion-por-tubercu-
losis-tuberculosis-sensible-y-resistente-2024.pdf

3. Ministerio de Salud Publica. Prevencion, diagndstico, tratamiento y
control de la tuberculosis. Gufa de Practica Clinica. Segunda edicién.
Published online 2018. https://www.salud.gob.ec/wp-content/
uploads/2018/03/GP_Tuberculosis-1.pdf

4. Kone B, Somboro AM, Holl JL, et al. Exploring the usefulness of mo-
lecular epidemiology of tuberculosis in Africa: a systematic review.
Int J Mol Epidemiol Genet. 2020;11(1):1-15.

5. Maghradze N, Jugheli L, Borrell S, et al. Developing customized
stepwise MIRU-VNTR typing for tuberculosis surveillance in Georgia.
PLoS One. 2022;17(3):e0264472. doi:10.1371/journal.pone.0264472

Supply P, Allix C, Lesjean S, et al. Proposal for standardization of opti-
mized mycobacterial interspersed repetitive unit-variable-number
tandem repeat typing of Mycobacterium tuberculosis. J Clin Microbiol.
2006;44(12):4498-4510. doi:10.1128/JCM.01392-06

Conceicédo EC, Salvato RS, Gomes KM, et al. Molecular epidemiology
of Mycobacterium tuberculosis in Brazil before the whole geno-
me sequencing era: a literature review. Mem Inst Oswaldo Cruz.
2021;116:€200517. doi:10.1590/0074-02760200517

Ghavidel M, Tadayon K, Mosavari N, et al. Introducing the Best Six
Lociin Mycobacterial Interspersed Repetitive Unit-Variable-Number
Tandem Repeat (MIRU-VNTR) Typing for Mycobacterium Tuberculosis
Genotyping. Rep Biochem Mol Biol. 2019;8(3):335-346.

Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE): ex-
planation and elaboration. PLoS Med. 2007;4(10):e297.doi:10.1371/
journal.pmed.0040297

LucioR, Villacrés N, Henriquez R. Sistema de salud de Ecuador. Salud
Publica de México. 2011,53:5177-5187.

. Ruiz-Fuentes JL, Diaz A, Entenza AE, et al. Comparison of four DNA

extraction methods for the detection of Mycobacterium leprae
from Ziehl-Neelsen-stained microscopic slides. Int J Mycobacteriol.
2015;4(4):284-9. doi:10.1016/}ijmyc0.2015.06.005

Van Der Zanden AGM, Te Koppele-Vije EM, Vijaya Bhanu N, Van
Soolingen D, Schouls LM. Use of DNA extracts from Ziehl-Neelsen-
stained slides for molecular detection of rifampin resistance and
spoligotyping of Mycobacterium tuberculosis. J Clin Microbiol.
2003;41(3):1101-8. doi:10.1128/JCM.41.3.1101-1108.2003

. Cowan LS, Mosher L, Diem L, Massey JP, Crawford JT. Variable-

number tandem repeat typing of Mycobacterium tuberculosis
isolates with low copy numbers of IS6110 by using mycobacterial
interspersed repetitive units. J Clin Microbiol. 2002;40(5):1592-602.
doi:10.1128/JCM.40.5.1592-1602.2002

Weniger T, Krawczyk J, Supply P, Niemann S, Harmsen D. MIRU-
VNTRplus: a web tool for polyphasic genotyping of Mycobacterium
tuberculosis complex bacteria. Nucleic Acids Res. 2010;38(Web Server
issue):W326-331. doi:10.1093/nar/gkg351

. Castillos de Ibrahim das Neves Y, Reis AJ, Xavier Maio N, et al. Geno-

typing methods and their contributions to the study of tuberculosis
dynamic in Latin America. J Infect Dev Ctries. 2023;17(10):1373-86.
doi:10.3855/jidc.17840

Couvin D, Allaguy AS, Ez-Zari A, Jagielski T, Rastogi N. Molecular
typing of Mycobacterium tuberculosis: a review of current methods,
databases, softwares, and analytical tools. FEMS Microbiol Rev.
2025;49:fuaf017. doi:10.1093/femsre/fuaf017

Ahmad N, Baharom M, Aizuddin AN, Ramli R. Sex-related differen-
ces in smear-positive pulmonary tuberculosis patients in Kuala
Lumpur, Malaysia: Prevalence and associated factors. PLoS One.
2021;16(1):e0245304. doi:10.1371/journal.pone.0245304

Romero-Sandoval NC, Flores-Carrera OF, Sdnchez-Pérez HJ, Sdnchez-
Pérez I, Mateo MM. Pulmonary tuberculosis in an indigenous
community in the mountains of Ecuador. The International Journal
of Tuberculosis and Lung Disease. 2007;11(5):550-5.

Hermosilla S, You P, Aifah A, et al. Identifying risk factors associated
with smear positivity of pulmonary tuberculosis in Kazakhstan. PLoS
One.2017;12(3):e0172942. doi:10.1371/journal.pone.0172942

162 Enf Emerg 2025;24(3):155-163


https://www.who.int/teams/global-programme-on-tuberculosis-and-lung-health/tb-reports
https://www.who.int/teams/global-programme-on-tuberculosis-and-lung-health/tb-reports
https://www.who.int/teams/global-programme-on-tuberculosis-and-lung-health/tb-reports
https://www.salud.gob.ec/wp-content/uploads/2024/06/GPC-Tratamiento-de-la-infeccion-por-tuberculosis-tuberculosis-sensible-y-resistente-2024.pdf
https://www.salud.gob.ec/wp-content/uploads/2024/06/GPC-Tratamiento-de-la-infeccion-por-tuberculosis-tuberculosis-sensible-y-resistente-2024.pdf
https://www.salud.gob.ec/wp-content/uploads/2024/06/GPC-Tratamiento-de-la-infeccion-por-tuberculosis-tuberculosis-sensible-y-resistente-2024.pdf
https://www.salud.gob.ec/wp-content/uploads/2018/03/GP_Tuberculosis-1.pdf
https://www.salud.gob.ec/wp-content/uploads/2018/03/GP_Tuberculosis-1.pdf

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Genetic diversity of Mycobacterium tuberculosis in Ecuador assessed by MIRU-VNTR analysis of sputum smear samples from primary health care centres

Dhakal A, Nepal S, Atreya A, Rijal B. Baseline Study of Sputum Mi-
croscopy for Diagnosis of Tuberculosis in Western Region of Nepal.
Medical Journal of Shree Birendra Hospital. 2018;17(2):19-24.

Bartolomeu-Gongalves G, Souza JM de, Fernandes BT, et al. Tubercu-
losis Diagnosis: Current, Ongoing, and Future Approaches. Diseases.
2024;12(9):202. doi:10.3390/diseases 12090202

McQuaid CF, Vassall A, Cohen T, Fiekert K, White RG. The impact
of COVID-19 on TB: a review of the data. Int J Tuberc Lung Dis.
2021,25(6):436-446. doi:10.5588/ijtld.21.0148

Schumacher SG, Wells WA, Nicol MP, et al. Guidance for Studies
Evaluating the Accuracy of Sputum-Based Tests to Diagnose Tu-
berculosis. JInfect Dis. 2019;220(220 Suppl 3):599-5107. doi:10.1093/
infdis/jiz258

Asrat H, Kebede A, Abebe A, et al. Performance evaluation of tuber-
culosis smear microscopists working at rechecking laboratories in
Ethiopia. Afr JLab Med. 2017,6(1):590. doi:10.4102/ajlm.v6i1.590

Carcelén M, Abascal E, Herranz M, et al. Optimizing and accelerating
the assignation of lineages in Mycobacterium tuberculosis using no-
vel alternative single-tube assays. PLoS One. 2017;12(11):e0186956.
doi:10.1371/journal.pone.0186956

Tarhan G, Ceyhan |, Simsek H, Tuncer S. Evaluation of the Efficacy of
Five DNA Extraction Methods for the Detection of Mycobacterium
tuberculosis DNA in Direct and Processed Sputum by an In-House
PCR Method. Turkish Journal of Medical Sciences. 2009;39(2):253-257.
doi:10.3906/5ag-0712-23

Okwumabua O, Shull E, O'Connor M, Moua TV, Danz T, Strelow K.
Comparison of three methods for extraction of Mycobacterium
avium subspecies paratuberculosis DNA for polymerase chain
reaction from broth-based culture systems. J Vet Diagn Invest.
2010;22(1):67-69. doi:10.1177/104063871002200111

Phillips K, McCallum N, Welch L. A comparison of methods for foren-
sic DNA extraction: Chelex-100° and the QIAGEN DNA Investigator
Kit (manual and automated). Forensic Science International: Genetics.
2012,6(2):282-285.

Qiu B, Tao B, Liu Q, et al. A Prospective Cohort Study on the
Prevalent and Recurrent Tuberculosis Isolates Using the MIRU-
VNTR Typing. front Med (Lausanne). 2021;8:685368. doi:10.3389/
fmed.2021.685368

Jafarian M, Aghali-Merza M, Farnia P, Ahmadi M, Masjedi MR, Velayati
AA. Synchronous Comparison of Mycobacterium tuberculosis Epide-
miology Strains by “MIRU-VNTR"and "MIRU-VNTR and Spoligotyping”
Technique. Avicenna J Med Biotechnol. 2010;2(3):145-152.

Chatterjee A, Mistry N. MIRU-VNTR profiles of three major Mycobac-
terium tuberculosis spoligotypes found in western India. Tuberculosis
(Edinb). 2013;93(2):250-256. doi:10.1016/j.tube.2012.10.004

Yin C, Mijiti X, Liu H, et al. Molecular Epidemiology of Clinical Myco-
bacterium tuberculosis Isolates from Southern Xinjiang, China Using

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Spoligotyping and 15-Locus MIRU-VNTR Typing. Infect Drug Resist.
2023;16:1313-1326. doi:10.2147/IDR.S393192

Rasoahanitralisoa R, Rakotosamimanana N, Stucki D, Sola C, Gag-
neux S, Rasolofo Razanamparany V. Evaluation of spoligotyping,
SNPs and customised MIRU-VNTR combination for genotyping
Mycobacterium tuberculosis clinical isolates in Madagascar. PLoS
One. 2017;12(10):e0186088. doi:10.1371/journal.pone.0186088

Oelemann MC, Diel R, Vatin V, et al. Assessment of an optimized
mycobacterial interspersed repetitive- unit-variable-number
tandem-repeat typing system combined with spoligotyping for
population-based molecular epidemiology studies of tuberculosis.
J Clin Microbiol. 2007;45(3):691-697. doi:10.1128/JCM.01393-06

Moe Sann WW, Namwat W, Faksri K, et al. Genetic diversity of Myco-
bacterium tuberculosis using 24-locus MIRU-VNTR typing and Spo-
ligotyping in Upper Myanmar. J Infect Dev Ctries. 2020;14(11):1296-
1305. doi:10.3855/jidc.12998

Balcells ME, Garcia P, Meza P, et al. A first insight on the popula-
tion structure of Mycobacterium tuberculosis complex as studied
by spoligotyping and MIRU-VNTRs in Santiago, Chile. PLoS One.
2015;10(2):e0118007. doi:10.1371/journal.pone.0118007

Woodman M, Haeusler IL, Grandjean L. Tuberculosis Genetic Epide-
miology: A Latin American Perspective. Genes (Basel). 2019;10(1):53.
doi:10.3390/genes10010053

Garzon-Chavez D, Garcia-Bereguiain MA, Mora-Pinargote C, et
al. Population structure and genetic diversity of Mycobacterium
tuberculosis in Ecuador. SciRep. 2020;10(1):6237.doi:10.1038/541598-
020-62824-z

Zurita J, Espinel N, Barba P et al. Genetic diversity and drug resistance
of Mycobacterium tuberculosis in Ecuador. Int J Tuberc Lung Dis.
2019;23(2):166-173. doi:10.5588/ijtld.18.0095

Castro-Rodriguez B, Espinoza-Andrade S, Franco-Sotomayor G, et al.
Afirstinsight into tuberculosis transmission at the border of Ecuador
and Colombia: a retrospective study of the population structure
of Mycobacterium tuberculosis in Esmeraldas province. front Public
Health. 2024;12:1343350. doi:10.3389/fpubh.2024.1343350

Latorre K, Horna-Campos O, Villegas R, Cavada G, Flores LAJ, Martin-
Mateo M. Retraso diagnéstico y factores asociados en pacientes con
tuberculosis pulmonar en una zona fronteriza de Chile. Enf Emerg,
21 (3). Published online 2022:168-176.

Cérdoba C, Luna L, Triana DM, Perez F, Lépez L. Factors associated
with delays in pulmonary tuberculosis diagnosis and treatment
initiation in Cali, Colombia. Rev Panam Salud Publica. 2019;43:e14.
doi:10.26633/RPSP2019.14

Bayot ML, Mirza TM, Sharma S. Acid Fast Bacteria. In: StatPearls.
StatPearls Publishing; 2025. Accessed September 30, 2025. http://
www.ncbi.nlm.nih.gov/books/NBK537121/

Enf Emerg 2025;24(3):155-163

163


http://www.ncbi.nlm.nih.gov/books/NBK537121/
http://www.ncbi.nlm.nih.gov/books/NBK537121/

