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Abstract
Background: Urogenital tuberculosis (TB) is rare in children and usually develops due to reactivation of the foci in
the genitourinary tract after the latency period following initial infection. Urogenital TB in children has no
pathognomonic clinical features that can result in overlooking or misdiagnosing this clinical entity. Here, we report
important findings regarding the pathogenesis and transmission of TB by using genotyping and whole-genome
sequencing (WGS) in a study of renal TB case in a child.
Case presentation: A 13-year-old boy was admitted to the hospital because of high fever, severe dry cough, flank
pain and painful urination. Abdominal ultrasonography and CT revealed an 8 mm calculus in the kidney, and clinical
findings were initially interpreted as nephrolithiasis. Nevertheless, due to the atypical clinical presentation of kidney
stone disease, additional investigations for possible TB were performed. The QuantiFERON®-TB Gold Plus test was
positive, and the Mantoux test resulted in 15 mm of induration, confirming infection with Mycobacterium
tuberculosis (Mtb). Chest X-ray was normal. Chest CT revealed calcified intrathoracic lymph nodes. The urine sample
tested positive for acid-fast bacilli, and Mtb cultures were obtained from urine and bronchial aspirate samples,
resulting in a final diagnosis of intrathoracic lymph node and renal TB. Contact investigation revealed that the
child’s father was diagnosed with TB when the child was 1 year old. Genotyping and WGS analysis of Mtb isolates
of the child and his father confirmed the epidemiological link and pointed to the latency of infection in the child.
Conclusions: This case report confirmed the development of active TB from calcified lesions in adolescent after 12
years of exposure, demonstrated the absence of microevolutionary changes in the Mtb genome during the period
of latency, and proved the importance of appropriate evaluation and management to prevent the progression of
TB infection to active TB disease. The use of WGS provided the ultimate resolution for the detection of TB
transmission and reactivation events.
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Background
Childhood tuberculosis (TB) occurs in the same world
regions where adult TB is common. In 2017, the WHO
estimated one million cases of childhood TB globally [1];
however, underdiagnosis, overdiagnosis and underreporting to national TB control programs interfere with
the accurate evaluation of childhood TB epidemiology
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worldwide [2]. Children and adolescents represent clinically important populations with increased susceptibility
to TB, and the risk of infection and disease after exposure to Mycobacterium tuberculosis (Mtb) is dependent
upon host factors such as patient age and immune status
[3]. Very young children have the highest risk of progressing to disease following infection, while children
aged 5–10 years are somewhat protected until risk increases again in adolescence [4, 5].
Due to nonspecific and variable clinical symptoms,
radiographic findings and paucibacillary nature of TB in

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Aleinikova et al. BMC Infectious Diseases

(2020) 20:105

children, physicians face serious challenges in confirming the diagnosis [6]. Some manifestations of extrapulmonary TB, such as TB meningitis and lymphadenitis,
are observed more frequently in children and therefore
are better described and recognized, while correct and
rapid diagnosis of other forms could be more challenging [3].
Genotyping of Mtb is crucial for TB research and is
widely used in studies of the Mtb strain population
structure, exploration of pathogen evolution, its interaction with the human host and public health investigations, including confirmation of epidemiological links
between patients (reviewed in [7]). Whole-genome
sequencing (WGS) offers new opportunities both in
research and public health applications by providing the
ultimate resolution for strain classification to trace infectious sources and transmission networks and the prediction of the antimicrobial susceptibility profile of a given
isolate (reviewed in [8]). The primary applications for
WGS include diagnosis, treatment, surveillance and
source investigation of Mtb infection, particularly species
and subspecies identification, early determination of
drug resistance patterns on the basis of the presence of
specific SNPs and identification of transmission clusters
and outbreaks [9].
Here, we report important findings regarding the
pathogenesis and transmission of TB by using genotyping and WGS of Mtb in a study of intrathoracic lymph
node and renal TB case in adolescent.

Case presentation
A 13-year-old boy was admitted to the hospital because
of complaints of high fever, severe dry cough, flank pain
and painful urination. Fever and cough began 2 weeks
prior to hospitalization, and flank pain and dysuria
began 1 week prior hospitalization. Within 2 weeks of illness, the patient lost 8 kg of body weight; however, he
still had a body mass index of 25 (height 151 cm, weight
58 kg). Prior to hospitalization, the patient had received
amoxicillin and clarithromycin for 6 days; however, the
symptoms did not diminish. In the hospital, treatment
was continued with cefuroxime, and further investigations were conducted.
Blood tests showed elevated C-reactive protein levels
(77.22 mg/L), elevated anti-streptolysin O antibody levels
(1268.7 U/mL), and moderate hypochromic anemia.
Urine analysis was normal prior to antibiotic treatment.
Abdominal ultrasonography and computed tomography
(CT) revealed a calculus 8 mm in size in the upper calyx
of the left kidney and hydronephrotic transformation of
the left kidney (Fig. 1 a). The patient’s blood parathormone level was low (< 0.32 pmol/L), but biochemistry
analysis did not reveal any electrolyte abnormalities.
Clinical findings were interpreted as nephrolithiasis, and

Page 2 of 6

lithotripsy was considered. Nevertheless, due to the atypical clinical presentation of kidney stone disease, additional investigations for possible TB were performed.
BCG (Bacillus Calmette–Guérin) vaccination in the child
was performed after birth with local scar formation of 5
mm in size. The QuantiFERON®-TB Gold Plus test was
positive, and the Mantoux test resulted in 15 mm of induration, confirming infection with Mtb. Chest X-ray
appeared normal (Fig. 1 b). Chest CT revealed calcified
intrathoracic lymph nodes in subcarinal and left bronchopulmonary lymph node groups without lymph node
enlargement in any group (Fig. 1 c, d). Nonsignificant
interlobar pleural thickening in the right hemithorax
and small calcified nodular shadow in the 8th segment
of the left lung were additionally visualized on lung CT.
In total, three urine samples were investigated for Mtb.
Acid-fast bacilli (AFB) were positive on luminescence
microscopy from the first urine sample, the Mtb DNA
test by the GeneXpert® method was positive from the
third consecutive urine sample, and cultures for Mtb
were positive from the second and third urine sample.
Bronchoscopy did not reveal any abnormalities in the
tracheobronchial tree; however, Mtb was cultured on
BACTEC medium from bronchial aspirate samples. In
total, Mtb culture was positive from two urine and one
bronchial aspirate samples. Mtb isolates were sensitive
to isoniazid, rifampicin, ethambutol and levofloxacin.
The final diagnosis was intrathoracic lymph node TB
and renal TB.
At the time of TB diagnosis in the child, no infectious
source case was identified. Family history revealed that
in 2004, when the child was 1 year old (12 years ago), his
father was diagnosed with pulmonary TB and had a
positive sputum culture for Mtb. The child was examined and recognized as latently infected with Mtb; however, prophylactic treatment was not conducted. Father
had received a full TB treatment course and was successfully cured. He passed away 2 years later of a different cause. Nevertheless, the father’s mycobacterial
isolates were available from the mycobacteriology
laboratory’s culture bank and regenerated, and genetic
comparison of Mtb isolates of the child and his father
was conducted.
Mycobacterial DNA was extracted from cultures
grown on Löwenstein-Jensen media using the cetyltrimethyl ammonium bromide (CTAB) method [10]. All
four isolates (one from father and three from the child)
were included in the analysis. Spoligotyping was used to
identify Mtb genotypes and was performed using commercially available kits (Isogen Life Science, Netherlands;
later Ocimum Biosolutions, India) following a previously
described standard protocol [11]. All isolates revealed
the SIT53 spoligotype (Fig. 1 e). To prove the epidemiological link between the two disease cases, IS6110
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Fig. 1 Pathological and genotyping findings. a: Abdominal computed tomography. A calculus in left kidney is shown (arrow). b: Chest X-ray. c, d:
Chest computed tomography. Calcified intrathoracic lymph nodes in subcarinal and left bronchopulmonary lymph node groups (arrow). e:
Spoligotyping analysis of Mtb isolates. Lane 1: urine sample, child (September 5, 2016); Lane 2: urine sample, child (September 6, 2016); Lane 3:
bronchial aspirate sample, child (September 9, 2016); Lane 4: sputum sample, father (February 2, 2004). F: IS 6110 RFLP analysis of Mtb isolates.
Lane 1: urine sample, child (September 5, 2016); Lane 2: urine sample, child (September 6, 2016); Lane 3: bronchial aspirate sample, child
(September 9, 2016); Lane 4: sputum sample, father (February 2, 2004)

restriction fragment length polymorphism (IS6110
RFLP) analysis was used. The IS6110 RFLP pattern was
identical for all four samples and represented with five
bands (Fig. 1 f).
Furthermore, WGS analysis of Mtb DNA samples was
performed. DNA was sheared physically using a Covaris
S220 sonicator. Single-end fragment libraries were prepared using the IonPlus Fragment Library Kit (Thermo
Fisher Scientific, US) according to the manufacturer’s
protocol. Samples were sequenced on an Ion PGM™
system (Thermo Fisher Scientific, US), and reads of a
maximum length of 400 base pairs were produced. Bioinformatic analysis of sequencing data was performed on
the Galaxy web platform using the public server at

https://usegalaxy.org [12]. Briefly, filter by quality (v
1.0.2) was used to keep only those sequences whose
Phred quality score was at least 10 for 95% of nucleotides and at least 20 for 80% of nucleotides. Reads were
trimmed for adapter content and low-quality ends
(Phred quality score < 20) using Trim Galore! (v0.4.3.1),
keeping sequences longer than 30 base pairs. Lowquality reads and reads of inappropriate length (longer
than 400 bp) were then discarded by Filter FASTQ
(v1.1.1), and the final output was mapped to the genome
sequence of Mtb strain H37Rv (GenBank NC000962.3)
using Bowtie2 (v2.3.4.2). Reads laying within highly variable repetitive regions (PE/PPE genes) were excluded by
BAM filter (v 0.5.9), and duplicate reads were removed
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using Picard tools (MarkDuplicates, v2.18.2.1). All genome sites were called using SAMtools mpileup (v2.1.4),
and single nucleotide polymorphisms (SNPs) were detected with VarScan (v2.4.2). Mutations within PE/PPE
genes were removed using Slice VCF (v 0.1), and SNPs
at the sites of unusual depth were ignored. Each identified SNP had to be supported by at least 4 reads representing both forward and reverse strands with base
quality scores greater than 20. Position was considered
homozygotic if more than 75% of reads supported the
variant. All SNP differences between analyzed samples
were checked manually using Integrative Genomics
Viewer (IGV, v2.5.3). For all four sequenced isolates,
more than 98% of the Mtb H37RV genome was covered
with a mean depth of more than 40 reads per base
(Table 1).
The results showed that the genetic distance between
the father’s sputum Mtb isolate and the child’s bronchial
aspirate sample was only 1 SNP. This SNP (G/A, position 2,838,120, coverage depth: 75 reads, mapping quality: 42, mean base quality: 30) was homozygotic and
supported by 100% of covering reads. No differences between father’s sputum Mtb isolate and child’s isolates
obtained from either urine portion were observed. These
findings confirmed the epidemiological link between the
two TB cases and pointed to the latency of infection in
the child.

Discussion and conclusions
The use of molecular epidemiology in our case study revealed several important aspects of childhood renal TB
pathogenesis, prevention, clinical manifestation, and
transmission. During initial pulmonary infection, Mtb
spreads via the lymphohematogenous route and can
reach any organ and system, including the kidneys.
Renal TB usually develops due to reactivation of the TB
foci in the genitourinary tract after the latency period
ranging from 5 to 10 and even 40 years after initial infection [13]. However, renal TB can also be a part of congenital TB in newborns and infants or miliary TB
without age limitation [14]. In our case study, intrathoracic lymph node TB and renal TB were diagnosed in a

13-year-old boy. Infectious source case tracing and results of two genotyping methods, i.e., spoligotyping and
IS6110 RFLP, pointed to the father of the child as a possible source of infection. Further application of Mtb
WGS confirmed that in our patient, TB infection progressed to urogenital and respiratory TB 12 years after
exposure. These findings also highlighted the importance of the maintenance of the culture bank and access
to Mtb TB samples and clinical information from previous TB cases. This appeared to be especially useful in
our case study, allowing confirmation of exposure to TB
sources, which occurred more than a decade before TB
disease developed in our patient.
WGS is commonly used worldwide for Mtb outbreak
investigation and for determination of possible transmission roots between patients. This approach is based on
the detection of strain microevolution during outbreaks
and the assessment of accumulated SNPs in clinical
isolates. The mutation rate of Mtb of approximately
0.3–0.5 SNPs per year have been calculated in several
outbreak studies [15, 16]. However, the mutation rate
during the latent state of infection remains unclear, as
data from studies differ: the results show that during
latency, Mtb mutates either at a similar rate or approximately ten times slower than in the active state [17–20].
In our study, WGS analysis did not reveal any differences between father’s sputum Mtb isolate and child’s
urine isolates, while the genetic distance between father’s
sputum Mtb isolate and child’s bronchial aspirate sample
was only one SNP. These findings provided additional
confirmation of the epidemiological link between those
two TB cases. In addition, the absence of microevolutionary changes in the Mtb genome during the 12-year
period indirectly supports the evidence of latency of TB
infection in the child.
The prechemotherapy literature suggests that without
prophylactic treatment, primary infection in children
younger than 2 years of age frequently (even up to 50%
of cases) progresses to TB disease, including severe
forms such as meningitis and miliary TB [5]. Adolescence represents the second high-age-risk period during
which primary infection progresses to TB disease with a

Table 1 Analysis of Mycobacterium tuberculosis isolates by whole genome sequencing
Mycobacterium tuberculosis isolates
Father

Child

Isolation source

Sputum

Urine

Urine

Bronchial aspirate

Isolation date

February 4, 2004

September 5, 2016

September 6, 2016

September 9, 2016

a

Genome coverage (%)

98.28

99.13

98.22

98.38

Average read length (bp)

213

173

205

188

Mean base quality

31.1

30.7

30.6

30.7

Mean depth

40.4

61.5

40.3

62.8

a

Mycobacterium tuberculosis H37RV genome
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frequency of 10–20% and is associated with the development of adult-type disease [3].
In our patient, the primary TB infection at the time of
exposure at 1 year of age did not progress to clinically severe disease, probably due to the protective effect provided
by BCG vaccination at birth. Primary infection apparently
resulted in calcified lesions within intrathoracic lymph
nodes and left kidney, and TB reactivation occurred during adolescence. Calcified lesions are commonly considered healed TB lesions with minimal risk of disease
progression. On the other hand, bacilli can persist in a latent stage in a small percentage (approximately 1%) of
these evolved lesions and can resuscitate after some type
of local immunosuppression and produce active TB [21].
Our findings demonstrated the risk of reactivation of untreated latent TB infection from calcified lesions. Interestingly, despite calcified (but not enlarged) lymph nodes in
the mediastinum and small calcified nodulus in the lung
parenchyma, the child had a positive culture for Mtb from
a bronchial aspirate sample, indicating the presence of live
Mtb in his respiratory tract.
The importance and necessity of prophylactic treatment and the availability of effective monitoring tools,
including biomarkers of TB progression, should also be
considered. The benefits of prophylactic treatment of TB
infection have been known for more than 60 years, and
the risk reduction for developing active TB was shown
in children aged 15 years and younger [22]. Since 2012,
WHO guidance recommends the use of prophylactic
treatment for children younger than 5 years who are
household contacts of infectious pulmonary TB patients
[23]. In 2018, this guidance was updated to include the
option for preventive therapy for older children with a
positive tuberculin skin test [24]. Additionally, the END
TB strategy calls for appropriate household contact
management and prophylactic treatment of persons at
high risk for TB disease [25]. Unfortunately, our patient
did not receive prophylactic treatment of latent TB infection after exposure, which could have averted the development of TB during adolescence. This case report
highlights the importance of appropriate TB contact
management and strongly supports the guidelines to improve the prophylactic TB treatment rates among the
childhood population.
In conclusion, this unique case report confirmed
the development of active TB from calcified lesions in
adolescent after 12 years of exposure, demonstrated
the absence of microevolutionary changes in the Mtb
genome during the period of latency, and proved the
importance of appropriate evaluation and management after TB exposure to prevent progression to active TB disease. The use of WGS analysis provided
the ultimate resolution for the detection of TB transmission and reactivation events.

Page 5 of 6

Abbreviations
BCG: Bacillus Calmette–Guérin; CT: Computed tomography;
Mtb: Mycobacterium tuberculosis; RFLP: Restriction fragment length
polymorphism; SNP: Single nucleotide polymorphism; TB: Tuberculosis;
WGS: Whole genome sequencing; WHO: World Health Organization
Acknowledgements
We acknowledge all the laboratory staffs of the BMC core facility Genome
centre for their contribution in sequencing.
Authors’ contributions
DA wrote the first draft with contributions from IO and RR. AS, OB, RK and IO
were responsible for the clinical care of the patient. IO analysed and
interpreted the patient’s data. IP and IN contributed to the acquisition of the
Mtb cultures and DNA samples and performed Mtb genotyping. DA and JK
performed WGS analysis and data interpretation. IJ, IO and RR critically
revised the manuscript. All authors read and approved the final manuscript.
Funding
This study was supported by Latvian National Research Programme VPP
“BIOMEDICINE” and Riga Stradiņš University grant Nr. 23030102. The funding
was used to cover WGS analysis.
Availability of data and materials
The datasets generated and analysed during the current study are available
from the corresponding author on request.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Written informed consent was obtained from the legal parent of the patient
for publication of this Case report and any accompanying images. A copy of
the written consent is available for review by the Editor of this journal.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Latvian Biomedical Research and Study Centre, Ratsupites Str 1, k-1, Riga
LV-1067, Latvia. 2Riga East University Hospital, Centre of Tuberculosis and
Lung Diseases, Upeslejas, Stopiņi region LV-2118, Latvia. 3Madona Hospital,
Rupniecibas Street 38, Madona LV-4801, Latvia. 4Riga Stradins University, 16
Dzirciema Street, Riga LV-1007, Latvia.
Received: 27 September 2019 Accepted: 28 January 2020

References
1. World Health Organization (WHO). Global tuberculosis report 2018. Geneva:
World Health Organization; 2018.
2. Thomas TA. Tuberculosis in children. Pediatr Clin N Am. 2017;64(4):893–909.
https://doi.org/10.1016/j.pcl.2017.03.010.
3. Cruz AT, Starke JR. Clinical manifestations of tuberculosis in children.
Paediatr Respir Rev. 2007;8(2):107–17.
4. Basu Roy R, Whittaker E, Seddon JA, Kampmann B. Tuberculosis
susceptibility and protection in children. Lancet Infect Dis. 2019;19(3):e96–
108. https://doi.org/10.1016/S1473-3099(18)30157-9.
5. Marais BJ, Gie RP, Schaaf HS, Hesseling AC, Obihara CC, Starke JJ, et al. The
natural history of childhood intra-thoracic tuberculosis: a critical review of
literature from the pre-chemotherapy era. Int J Tuberc Lung Dis. 2004;8(4):
392–402.
6. Lighter J, Rigaud M. Diagnosing childhood tuberculosis: traditional and
innovative modalities. Curr Probl Pediatr Adolesc Health Care. 2009;39(3):61–
88. https://doi.org/10.1016/j.cppeds.2008.12.003.
7. Merker M, Kohl TA, Niemann S, Supply P. The evolution of strain typing in
the mycobacterium tuberculosis complex. Adv Exp Med Biol. 2017;1019:43–
78. https://doi.org/10.1007/978-3-319-64371-7_3.
8. Nikolayevskyy V, Niemann S, Anthony R, van Soolingen D, Tagliani E,
Ködmön C, et al. Role and value of whole genome sequencing in studying

Aleinikova et al. BMC Infectious Diseases

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

(2020) 20:105

tuberculosis transmission. Clin Microbiol Infect. 2019;25(11):1377–82. https://
doi.org/10.1016/j.cmi.2019.03.022.
Meehan CJ, Goig GA, Kohl TA, Verboven L, Dippenaar A, Ezewudo M, et al.
Whole genome sequencing of mycobacterium tuberculosis: current
standards and open issues. Nat Rev Microbiol. 2019;17(9):533–45. https://doi.
org/10.1038/s41579-019-0214-5.
van Soolingen D, Hermans PW, de Haas PE, Soll DR, van Embden JD.
Occurrence and stability of insertion sequences in mycobacterium
tuberculosis complex strains: evaluation of an insertion sequencedependent DNA polymorphism as a tool in the epidemiology of
tuberculosis. J Clin Microbiol. 1991;29(11):2578–86.
Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van Soolingen D, Kuijper
S, et al. Simultaneous detection and strain differentiation of mycobacterium
tuberculosis for diagnosis and epidemiology. J Clin Microbiol. 1997;35(4):
907–14.
Afgan E, Baker D, Batut B, van den Beek M, Bouvier D, Cech M, et al. The
galaxy platform for accessible, reproducible and collaborative biomedical
analyses: 2018 update. Nucleic Acids Res. 2018;46(W1):W537–44. https://doi.
org/10.1093/nar/gky379.
Nerli RB, Kamat GV, Alur SB, Koura A, Vikram P, Amarkhed SS. Genitourinary
tuberculosis in pediatric urological practice. J Pediatr Urol. 2008;4(4):299–
303. https://doi.org/10.1016/j.jpurol.2007.11.016.
Dhua AK, Borkar N, Ghosh V, Aggarwal SK. Renal tuberculosis in infancy. J
Indian Assoc Pediatr Surg. 2011;16(2):69–71. https://doi.org/10.4103/09719261.78136.
Guerra-Assunção JA, Houben RMGJ, Khan P, Fine PEM, Glynn JR, Crampin
AC, et al. Large-scale whole genome sequencing of M. tuberculosis
provides insights into transmission in a high prevalence area. eLife. 2015:1–
17. https://doi.org/10.7554/eLife.05166.
Walker TM, Ip CL, Harrell RH, Evans JT, Kapatai G, Dedicoat MJ, et al. Wholegenome sequencing to delineate mycobacterium tuberculosis outbreaks: a
retrospective observational study. Lancet Infect Dis. 2013;13(2):137–46.
https://doi.org/10.1016/S1473-3099(12)70277-3.
Ford CB, Lin PL, Chase MR, Shah RR, Iartchouk O, Galagan J, et al. Use of
whole genome sequencing to estimate the mutation rate of
mycobacterium tuberculosis during latent infection. Nat Genet. 2011;43(5):
482–6. https://doi.org/10.1038/ng.811.
Colangeli R, Arcus VL, Cursons RT, Ruthe A, Karalus N, Coley K, et al. Whole
genome sequencing of mycobacterium tuberculosis reveals slow growth
and low mutation rates during latent infections in humans. PLoS One. 2014;
9(3):1–9. https://doi.org/10.1371/journal.pone.0091024.
Lillebaek T, Norman A, Rasmussen EM, Marvig RL, Folkvardsen DB, Andersen
ÅB, et al. Substantial molecular evolution and mutation rates in prolonged
latent mycobacterium tuberculosis infection in humans. Int J Med Microbiol.
2016;306(7):580–5. https://doi.org/10.1016/j.ijmm.2016.05.017.
Herranz M, Pole I, Ozere I, Chiner-Oms Á, Martínez-Lirola M, Pérez-García F,
et al. Mycobacterium tuberculosis acquires limited genetic diversity in
prolonged infections, reactivations and transmissions involving multiple
hosts. Front Microbiol. 2018;8:2661. https://doi.org/10.3389/fmicb.2017.
02661.
Ulrichs T, Kaufmann SHE. New insights into the function of granulomas in
human tuberculosis. J Pathol. 2006;208(2):261–9.
Ayieko J, Abuogi L, Simchowitz B, Bukusi EA, Smith AH, Reingold A. Efficacy
of isoniazid prophylactic therapy in prevention of tuberculosis in children: a
meta–analysis. BMC Infect Dis. 2014;14(1):1–22. https://doi.org/10.1186/14712334-14-91.
World Health Organization (WHO). Recommendations for investigating
contacts of persons with infectious Tuberculosis in low- and middle-income
countries. Geneva: World Health Organization; 2012.
World Health Organization (WHO). Latent tuberculosis infection: updated
and consolidated guidelines for programmatic management. Geneva: World
Health Organization; 2018. Licence: CC BY-NC-SA 3.0 IGO
World Health Organization (WHO). The End TB Strategy. Geneva: World
Health Organization; 2014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

