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A B S T R A C T   

Background: Analyzing the epidemiology and clinical manifestations of pediatric tuberculosis in endemic regions 
is crucial to meet the goal of ending tuberculosis. The objective was to assess the various clinical scenarios of 
tuberculosis in a large pediatric cohort in Mexico. 
Methods: This retrospective study from a pediatric referral center in Mexico included patients diagnosed with 
tuberculosis from 2012 to 2021. We analyzed clinical data and diagnostic study results, including demographic 
characteristics, underlying medical conditions, BCG vaccination, clinical presentation, imaging findings, 
microbiologic data, treatment, and clinical outcomes. Basic descriptive statistics and Chi-squared analysis were 
performed to summarize the metadata of pediatric patients with different clinical presentations of tuberculosis 
and evaluate their association with mortality, respectively. 
Results: A total of 100 patients were included with a mean age of 7.76 years ± 1.49 years. The most prevalent 
clinical presentation was pulmonary tuberculosis (n = 51). Only 51 patients were immunized with Bacillus 
Calmette–Guérin vaccine. The most commons symptoms were fever, cough and weight loss. Among patients with 
meningeal tuberculosis (n = 14), the most common clinical signs were seizures, fever, and vomiting. Cure was 
achieved in 52 patients, 12 patients died, and 36 continue in treatment. Clinical presentation of tuberculosis (p- 
value = 0.009) and immunodeficiency (p-value = 0.015) were significantly associated with mortality. 
Conclusions: Increasing the visibility of tuberculosis is imperative to end this disease. We report relevant clinical 
data of a large pediatric tuberculosis cohort, stratified by the different forms of disease. A high index of suspicion 
of tuberculosis is required for a timely diagnosis and treatment initiation, particularly among immunocompro-
mised individuals, in whom mortality is higher.   

1. Introduction 

Tuberculosis (TB) is a global health issue that confers high morbidity 
and mortality. This disease is caused by Mycobacterium tuberculosis 
complex, mainly by M. tuberculosis; however, other clinically relevant 
mycobacteria cause atypical and extrapulmonary types of TB [1]. From 
a clinical and epidemiological perspective, TB can be classified as latent 
and active [2]. Latent TB infection (LTBI) refers to a non-contagious 
asymptomatic form of TB, while active TB infection is the contagious 
and symptomatic disease, which can be further divided into pulmonary 

and extrapulmonary disease [3,4]. 
The World Health Organization (WHO) estimates that annually, 1 

million children develop TB, with around 210,000 child deaths [5,6]. 
Assessing the global burden in pediatrics is challenging due to diagnosis 
difficulties, frequent extrapulmonary manifestations, and low public 
health priority for pediatric TB [7]. Pediatric TB mirrors that of adults, 
with a heavy burden of disease in sub-Saharan Africa and Asia [6]. 
Despite the United States being a low-incidence country with less than 4 
cases per 100,000 population, its southern neighbor, Mexico, faces a 
challenging scenario with an incidence rate of 28 cases per 100,000 
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reported in 2023. In 2020, compared to the previous year, Mexico 
observed a 5 % increase in TB-related mortality, resulting in 2,300 
documented deaths due to the disease [8]. Although regulatory policies 
in the country establish the mandatory notification of new cases, under- 
reporting is a prevalent phenomenon. 

Information on pediatric TB is often eclipsed by the enormous 
amount of available data from adult populations. Children tend to 
manifest a pauci-symptomatic form of the disease, which requires a high 
index of suspicion from the clinicians to diagnose TB. A detailed and 
comprehensive description of the clinical and diagnostic study results 
features of the various forms of TB in children is required. Our main 
objective was to characterize the clinical presentation, diagnostic mo-
dalities, radiological findings, and treatment outcomes of 100 pediatric 
patients with TB in Mexico. Additionally, we explored possible associ-
ations with mortality. 

2. Methods 

2.1. Study design, location, and population 

This is a retrospective, cross-sectional, descriptive study carried out 
at a pediatric tertiary referral center that admits patients from north-east 
Mexico. During the study, we examined electronic medical records of 
pediatric patients aged 0 to 18 years, who were diagnosed with any form 
of tuberculosis between February 2012 and January 2021. Clinical data 
and diagnostic test results of these patients were analyzed. 

2.2. Diagnostic criteria for pediatric TB 

TB diagnosis was established according to the Mexican National 
Health System guidelines with a combination of clinical, radiologically, 
laboratory, pathological and microbiological criteria (Supplementary 
Table 1). Diagnosing pulmonary tuberculosis in children presents chal-
lenges as microbiological confirmation is frequently elusive. Hence, 
diagnosis primarily relies on clinical symptoms in conjunction with 
findings from chest radiographs. As highlighted in previous studies 
published in the Journal of Pediatric Radiology, intrathoracic lymph-
adenopathy, such as hilar, mediastinal, and paratracheal lymphade-
nopathy, has been included within the pulmonary TB group for the 
purpose of our study [9,10]. 

2.3. Diagnostic criteria for meningeal TB 

The diagnosis of meningeal TB was made on a combination of clin-
ical, radiological [brain computerized tomography (CT) or magnetic 
resonance imaging (MRI)], cerebrospinal fluid (CSF) and microbiolog-
ical findings. Regarding the CSF analysis, pleocytosis was defined as > 5 
cells/microL, hyperproteinorrhachia as > 60 mg/dL and hypoglycor-
rhachia as < 50 mg/dL [11,12]. 

2.4. Statistical analysis 

Descriptive statistics were performed to summarize the de-
mographic, clinical characteristics and diagnostic test results of pedi-
atric patients with TB, according to their form of disease. To evaluate the 
association between several variables of interest (age, sex, living loca-
tion, Bacillus Calmette–Guérin [BCG] vaccination status and immuno-
suppression) with mortality, a Chi-squared univariate analysis was 
performed. SPSS version 25.0 (SPSS Inc., Chicago, IL, USA) was used for 
all statistical analyses, considering a bilateral p-value ≤ 0.05 as statis-
tically significant. 

2.5. Ethical review approval 

The study has been approved by the Institutional Review Board of 
Hospital Regional Materno Infantil de Alta Especialidad with the protocol 

number PR-190121063. We followed the STROBE guidelines, to ensure 
that results are reported as fully and accurately as possible. 

3. Results 

3.1. Epidemiological characteristics according to TB clinical presentation 
(Table 1) 

A total of 100 patients with pediatric TB were included in this study. 
Pulmonary TB was the most common clinical presentation (n = 51), 
followed by lymph node, meningeal, miliary, and skeletal TB; respec-
tively. A male predominance was observed (54 %). Half of the patients 
were between the ages of 5–12 years, and most of the patients lived in 
metropolitan areas (79 %). Fifty-seven patients had positive community 
bacillus exposure (COMBE). Common index cases were mothers and 
grandparents (n = 13; each). Only half of the patients had a positive 
history of BCG vaccination. Most of the patients were previously healthy 
(n = 77) with no chronic comorbidities, underlying conditions or 
immunosuppression. According to the weight-for-age malnutrition 
classification, 42 patients had some degree of malnutrition. Most pa-
tients with miliary TB had moderate to severe malnutrition (68 %). 

Fifty-two patients have been successfully cured, with 36 patients still 
receiving antituberculous treatment. At the time of the analysis, the case 
fatality rate was of 12 %. Proportionally, meningeal TB was the most 
fatal clinical presentation (5 out of 14 patients; 36 %). In contrast, only 
6 % (3 out of 51 patients) of patients with pulmonary TB died. Addi-
tionally, no deaths were observed in the lymph node group. 

3.2. General signs and symptoms by TB clinical presentation (Table 2) 

Signs and symptoms were analyzed according to the different clinical 
presentation of TB. Fever was the most common sign, followed by cough 
and weight loss. Fever was a prevalent sign in all the different forms of 
TB (47.6–85.7 %). Cough was frequent only in the pulmonary (84.3 %) 
and miliary TB (71.4 %). Weight loss was an uncommon sign among 
patients with localized forms of TB. Cervical lymph nodes (85.7 %) were 
the most affected lymph nodes. Night sweats, fatigue and hep-
atosplenomegaly were infrequent among our population. Four out of six 
patients with hepato- or splenomegaly had the miliary form of disease. 

3.3. Clinical, radiological, and cerebrospinal fluid characteristics in 
meningeal TB (Table 3) 

Our cohort shows that 10 out of 14 patients who presented with 
meningeal tuberculosis had generalized seizures and fever. Vomiting 
was present in half of the patients with meningeal TB; vomiting was only 
present in this clinical presentation. Meningeal signs were present in 
42.9 % of the patients. Headache was present in one third of the patients 
and most of the patients described it as an intense holocranial pain. 
Three patients had cranial nerve (CN) alterations: two had facial pa-
ralysis (CN-VII) and one had hypoacusia (CN-VIII). 

Central nervous system imaging (CT or MRI) was performed in all 
patients with meningeal TB. Of note, all patients with meningeal TB had 
an abnormal study with at least one radiological alteration. Hydro-
cephalus was the most common finding (71.4 %), closely followed by 
basal arachnoiditis (64.3 %). Vascular damage (vasculitis, hemorrhage, 
and infarction) was uncommon (28.6 %). Tuberculoma and cerebral 
edema were only present in 2 patients, respectively (14.3 %). 

Lumbar puncture (LP) for CSF analysis was performed in 13 patients. 
From the 13 CSF samples, only one was reported within normal cell 
count, proteins, and glucose ranges. Pleocytosis occured in 11 patients, 
with a median of 120 cells/microL. Severe pleocytosis (>100 cells/ 
microL) was present in 7 patients. We did not notice a significant cellular 
predisposition between neutrophils and lymphocytes, with 6 patients 
showing neutrophil predominance and 5 showing lymphocyte pre-
dominance. Hyperproteinorrhachia was present in 10 patients with a 
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median of 112 mg/dL. Hypoglycorrhachia was also a common CSF 
feature of children with meningeal TB (10 patients) with a median 
glucose of 25 mg/dL. Three patients had severe hypoglycorrhachia 
(<10 mg/dL) and 2 patients had significant hyperproteinorrhachia (>1 
gr/dL). Severe hypoglycorrhachia (<10 mg/dL) and hyper-
proteinorrhachia (>1 gr/dL) were present in three and two patients, 
respectively. 

3.4. Chest imaging findings (Table 4) 

All patients in our cohort had a chest imaging (chest x-ray and/or CT 
scan) performed during their workup and 68 % of them had an abnormal 

report. Intrathoracic lymphadenopathy was the most frequent imaging 
finding (70.5 %). Among lung parenchymal abnormalities, pulmonary 
infiltrates were the most common finding (48.5 %). Pleural effusion was 
a relatively prevalent finding in 30.9 %, with 3 patients having bilateral 
pleural effusion. We report the presence of cavitary lesions in 10 pa-
tients, of which 6 were adolescents. Calcifications were reported in 10.3 
% of the patients; the most common site of these were perihilar calci-
fications. Atelectasis, pneumothorax, bronchiectasis, and pericardial 
effusion were infrequent findings in our cohort. 

Table 1 
Epidemiological characteristics according to tuberculosis clinical presentation.  

TB presentation Pulmonary TBa 

(n = 51) 
Ganglionic TB 
(n = 21) 

Meningeal TB 
(n = 14) 

Miliary TB 
(n = 7) 

Skeletal TB 
(n = 4) 

Otherb 

(n = 3) 
Total 
(N = 100) 

Sex 
No. (%) 

Male 27 (53) 10 (48) 8 (57) 5 (71) 3 (75) 1 (33) 54 
Female 24 (47) 11 (52) 6 (43) 2 (29) 1 (25) 2 (67) 46 
Age 

Mean (SD) 
Years 10.32 (4.14) 7.76 (4.86) 5.1 (5.17) 9.18 (5.3) 2.5 (1.3) 11.67 (4.16) 7.76 (1.49) 
Age groups according to NICHD pediatric terminology 

No. (%) 
<1 year 

(neonatal and infancy) 
1 (2) 0 (0) 4 (29) 1 (14) 0 (0) 0 (0) 6 

1–4 years 
(Toddler and early childhood) 

6 (12) 7 (33) 4 (29) 1 (14) 4 (100) 0 (0) 22 

5–12 years 
(middle childhood) 

21 (42) 10 (48) 4 (29) 2 (29) 0 (0) 1 (33) 38 

13–18 years 
(Adolescence) 

23 (46) 4 (19) 2 (14) 3 (43) 0 (0) 2 (67) 34 

Living area 
No. (%) 

Metropolitan (population > 50,000) 38 (75) 17 (81) 11 (79) 6 (86) 4 (100) 3 (100) 79 
Micropolitan (population < 50,000) 13 (25) 4 (19) 3 (21) 1 (14) 0 (0) 0 (0) 21 
Community Bacillus Exposure 

No. (%) 
Positive 35 (69) 8 (38) 6 (43) 5 (71) 2 (50) 1 (33) 57 
Negative 16 (31) 13 (62) 8 (57) 2 (29) 2 (50) 2 (67) 43 
Bacillus Calmette–Guérin vaccination status 

No. (%) 
Non-vaccinated 21 (41) 11 (52) 9 (64) 4 (57) 2 (50) 2 (66) 49 
Vaccinated 30 (59) 10 (48) 5 (36) 3 (43) 2 (50) 1 (33) 51 
Comorbidities 

No. (%) 
HIV infection 2 (4) 1 (5) 0 (0) 0 (0) 0 (0) 0 (0) 3 
Cancerc 1 (2) 0 (0) 1 (7) 0 (0) 0 (0) 1 (33) 3 
Cystic Fibrosis 2 (4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 
Asthma 2 (4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 
Down Syndrome 0 (0) 1 (5) 0 (0) 1 (14) 0 (0) 1 (33) 3 
Other Comorbiditiesd 5 (10) 2 (10) 0 (0) 1 (14) 0 (0) 1 (33) 10 
Malnutrition (according to weight-for-age classification by Gomez et al.e) 

No. (%) 
Mild 

(Grade 1, 75–90 %) 
11 (21) 7 (33) 2 (14) 1 (14) 0 (0) 1 (33) 22 

Moderate 
(Grade 2, 60–74 %) 

4 (8) 2 (10) 3 (21) 2 (29) 0 (0) 1 (33) 12 

Severe 
(Grade 3, <60 %) 

5 (10) 0 (0) 1 (7) 2 (29) 0 (0) 0 (0) 8 

Outcome 
No. (%) 

Cured 29 (57) 13 (62) 5 (36) 1 (14) 2 (50) 2 (67) 52 
Ongoing therapy 19 (37) 8 (38) 4 (29) 4 (57) 1 (25) 0 (0) 36 
Died 3 (6) 0 (0) 5 (36) 2 (29) 1 (25) 1 (33) 12 

Abbreviations: HIV, Human Immunodeficiency Virus; NICHD, National Institute of Child Health and Human Development; TB, tuberculosis. 
a We included patients with pleural involvement in this TB clinical presentation. 
b Other: Intestinal or renal tuberculosis. 
c Cancer: Two patients with acute lymphoblastic leukemia and one patient with Hodgkin lymphoma. 
d Other comorbidities: hypothyroidism, systemic erythematous lupus, diabetes mellitus, chronic granulomatous disease unspecified dysmorphic syndrome and un-
specified pneumopathy. One patient had multiple comorbidities such as chronic renal failure, Cushing syndrome, and renal transplant. 
e Gomez malnutrition classification. 
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3.5. Mycobacterial isolates and drug susceptibility 

Mycobacterial culture information was available from 41 % of the 
total sample. The rest of the patients were diagnosed via: 18 % by 

nucleic acid amplification test (NAAT), 13 % by acid-fast bacilli (AFB), 
and 38 % in a combination of clinical, radiological, and epidemiologic 
information. Mycobacterial growth was documented in 22 patients with 
pulmonary TB, all of them due to M. tuberculosis. Only one patient had a 
multi-drug resistant (MDR) strain of M. tuberculosis which was resistant 
to both Isoniazid (INH) and Rifampin (RIF). This patient had a positive 
history of household contact with confirmed MDR pulmonary TB. This 
patient was treated and cured after a 20-month treatment regimen 
consisting of levofloxacin, bedaquiline, linezolid, and clofazimine. Nine 
patients from the lymph node group had a positive mycobacterial cul-
ture, 6 of them reporting drug susceptible M. tuberculosis, and 3 drug 
suspectable M. bovis. Drug susceptible M. tuberculosis was isolated in 7 
cases of meningeal TB and in 3 cases of skeletal TB. 

3.6. Treatment outcomes (Table 5) 

Cure was achieved in 52 % of the total sample, and 36 % are still 
receiving antituberculous treatment with good clinical response to date. 
Twelve patients died during hospitalization. TB clinical presentation has 
a significant impact on mortality (p-value = 0.009). The clinical pre-
sentations with the highest proportion of mortality were miliary (66.6 
%) and meningeal TB (44.4 %). One-third of the patients who died had 
some form of immunodeficiency, and half of the patients with immu-
nodeficiency died (p-value = 0.015). We did not observe statistically 
significant differences between age, sex, living area and BCG vaccina-
tion status with mortality. 

Table 2 
Signs and symptoms in children according to their clinical presentation of tuberculosis.   

Pulmonary TBa 

(n = 51) 
Ganglionic TB 
(n = 21) 

Meningeal TB 
(n = 14) 

Miliary TB 
(n = 7) 

Skeletal TB 
(n = 4) 

Otherb 

(n = 3) 
Total 
(N = 100) 

Fever 
No. (%) 

36 (70.6) 10 (47.6) 9 (64.3) 6 (85.7) 2 (50) 2 (66.7) 65 

Cough 
No. (%) 

43 (84.3) 1 (4.8) 5 (35.7) 5 (71.4) 1 (25) 1 (33.3) 56 

Weight loss 
No. (%) 

23(45.1) 3 (14.3) 5 (35.7) 4 (57.1) 0 (0) 2 (66.7) 37 

Lymphadenopathy 
No. (%) 

6 (11.8) 21(100) 2 (14.3) 3 (42.9) 0 (0) 2 (66.7) 34 

Hyporexia 
No. (%) 

17 (33.3) 4 (19) 5 (35.7) 2 (28.6) 0 (0) 2 (66.7) 30 

Asthenia/Adynamia 
No. (%) 

14 (27.5) 3 (14.3) 6 (42.9) 2 (28.6) 0 (0) 2 (66.7) 27 

Night sweats 
No. (%) 

3 (5.9) 3 (14.3) 0 (0) 0 (0) 0 (0) 0 (0) 6 

Fatigue 
No. (%) 

3 (5.9) 0 (0) 3 (21.4) 0 (0) 0 (0) 0 (0) 6 

Hepatomegaly 
No. (%) 

1 (2) 0 (0) 0 (0) 3 (42.9) 0 (0) 1 (33.3) 5 

Splenomegaly 
No. (%) 

0 (0) 0 (0) 0 (0) 1 (14.3) 0 (0) 0 (0) 1 

Abbreviation: TB, tuberculosis. 
a We included patients with pleural involvement in this TB clinical presentation. 
b Other: Intestinal and renal TB. 

Table 3 
Clinical, radiological, and cerebrospinal fluid characteristics in meningeal 
tuberculosis.  

Signs and symptoms (n ¼ 14) No. (%) 

Generalized seizures 10 (71.4) 
Fever 10 (71.4) 
Vomiting 7 (50.0) 
Meningeal signsa 6 (42.9) 
Headache 5 (35.7) 
Irritability 5 (35.7) 
Weight loss 5 (35.7) 
Dizziness 4 (28.6) 
Cranial nerve alterations 3 (21.4) 
Otherb 7 (50) 
Brain imaging findings (CT or MRI) (n ¼ 14) No. (%) 
Hydrocephalus 10 (71.4) 
Basal arachnoiditis 9 (64.3) 
Vasculitis 2 (14.3) 
Tuberculoma 2 (14.3) 
Cerebral edema 2 (14.3) 
Parenchymal infarction 1 (7.1) 
Parenchymal hemorrhage 1 (7.1) 
Cerebrospinal fluid characteristics (n ¼ 13)c ¡ Frequency No. (%) 
Pleocytosis (>5 cells/microL) 11 (84.6) 
Hyperproteinorrhachia (>60 mg/dL) 10 (76.9) 
Hypoglycorrhachia (<50 mg/dL) 10 (76.9) 
Cerebrospinal fluid characteristics (n ¼ 13)c ¡ Numerical Median (IQR) 
Cytology (cells/microL) 120 (30–227) 
Proteins (mg/dL) 112 (78–576) 
Glucose (mg/dL) 25 (16–47) 

Abbreviation: CT, computerized tomography; MRI, magnetic resonance imag-
ing; TB, tuberculosis. 
a Meningeal signs: nuchal rigidity, Kernig’s sign, Brudzinski’s sign or jolt 
accentuation headache. 
b Other: altered state of consciousness, macrocephalus, hypotonia, altered re-
flexes. 
c Lumbar puncture was not performed in one patient due to an extensive sacral 
ulcer. Percentages, medians, and interquartile ranges (IQRs) were measured 
using 13 patients as the sample size. 

Table 4 
Chest imaging abnormalities in children with tuberculosis.  

Imaging abnormalities (n ¼ 68) No. (%) 

Lymphadenopathy 48 (70.5) 
Pulmonary infiltrates 33 (48.5) 
Interstitial infiltrates 26 (38.2) 
Miliary infiltrates 7 (10.3) 
Pleural effusion 21 (30.9) 
Cavitations 10 (14.7) 
Calcifications 7 (10.3) 
Atelectasis 5 (7.4) 
Pneumothorax 1 (1.5) 
Bronchiectasis 1 (1.5) 
Pericardial effusion 1 (1.5)  
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4. Discussion 

TB disease exhibits a global distribution. The WHO established a 
strategy to End TB by setting milestones addressing incidence rates, 
mortality, access to medications, among others⋅1 In recent years, a 
global setback in the fight against TB has been reported [13]. This 
phenomenon has also been observed in the Americas; where countries 
like Venezuela and Argentina have almost doubled their incidence rates, 
and Haiti (151 per 100,000) and Peru (135 per 100,000) exceed the 
global mean incidence rate (134 per 100,000) [13–16]. According to the 
WHO Country Profile for TB, Mexico belongs to the top 10 countries 
with the highest incidence of TB in the Americas, with a reported rate of 
28 per 100,000 (range 19–32) [8]. 

Although the incidence of TB in Mexico is below the global rate, TB 
disease has an alarming burden that impacts economic, social, and 
health levels of the community. Additionally, like many countries, 
Mexico faces the complex challenge of underdiagnosis and unreported 
cases of TB, as well as an uneven geographic distribution that shows a 
higher burden in the country’s northern region. As most of the available 
data of TB is focused on adult population, it is imperative to address the 
knowledge gap of pediatric TB in Mexico. [8,13]. 

Our study features one of the largest single-center pediatric TB co-
horts, enabling comparisons with similar studies. In our population, TB 
presentation was evenly split between pulmonary and extrapulmonary 
TB, aligning with findings from other large pediatric cohorts [17,18]. 
Despite pulmonary TB being more common in the community, our co-
hort’s even distribution was anticipated, given the inclusion of hospi-
talized patients requiring tertiary care, while outpatient clinics handle 
most pulmonary TB cases. Children face a higher risk of extrapulmonary 

TB than adults [19]. Lymph node TB emerged as the most common 
extrapulmonary form in our cohort, consistent with prior studies high-
lighting lymph nodes as a primary site for extrapulmonary TB, possibly 
due to the predominant lymphohematogenous spread of tuberculous 
bacilli in children [20–23]. 

TB is one of the most significant infections in immunosuppressed 
patients due to its high frequency, morbidity, and mortality [24]. In our 
cohort, comorbidities that lead to an immunosuppressive state (sec-
ondary immunodeficiency) was present in 7 patients. Three patients had 
HIV, three patients were in chemotherapeutic treatment and one patient 
was immunosuppressed due to renal transplant. Lancella et al. recom-
mended that all immunosuppressed patients who develop TB should be 
referred to a TB reference center [25]. 

In our cohort, fever was the most common clinical manifestation, 
followed by cough and weight loss. This distribution is similar to other 
cohorts of pediatric TB [26–29]. These clinical signs are nonspecific and 
can be observed in other infectious diseases, highlighting the impor-
tance of a complete diagnostic workup. Symptom chronicity lasting 
more than two weeks should raise the suspicion of TB [30]. As expected, 
cough was a highly frequent sign among patients with pulmonary (84.3 
%) and miliary TB (71.4 %). Likewise, lymphadenopathy was present in 
all patients with TB lymphadenitis. The classic symptom of night sweats 
was present in only 6 % of patients, defying the historical dogma that it 
is a classical sign of TB [2,31]. Our findings suggest that the absence of 
night sweats should not rule out the possibility of TB in children. 

Our cohort features a substantial proportion of meningeal TB (14 %), 
allowing in-depth analysis of this clinical presentation. Early signs and 
symptoms of meningeal TB are non-specific and may include headache, 
vomiting, and irritability. However, children with more advanced dis-
ease present overt manifestations, such as: meningeal signs, signs of 
intracranial hypertension, altered state of consciousness, and seizures 
[32]. As our cohort is limited to hospitalized patients, late- disease im-
aging and clinical manifestation, such as seizures (71.4 %) and menin-
geal signs (42.9 %), were highly prevalent. Meningeal TB may include 
focal cranial nerve manifestations, particularly abducent nerve (VI) and 
facial nerve (VII) involvement [33]. In our sample, only three patients 
with meningeal TB (21.4 %) presented cranial nerve alterations. 

Central nervous system (CNS) neuroimaging studies are essential in 
the diagnosis of meningeal TB. Although the best imaging modality is 
magnetic resonance imaging (MRI) with gadolinium, contrast-enhanced 
computed tomography (CT) can be a comparable imaging study with 
greater accessibility in developing countries [34]. The most prevalent 
imaging findings in our cohort are similar to those described in the 
literature. These include communicating hydrocephalus and basal 
arachnoiditis (71.4 % and 64.3 %, respectively). Only 2 patients pre-
sented with vasculitis, tuberculoma or cerebrovascular disease. 

CSF analysis is also essential in the workup for meningeal TB. Most 
patients had the classical triad found in CSF analysis: 11 patients with 
pleocytosis with lymphocytic predominance, 10 patients with hyper-
proteinorrhachia, and 10 patients with hypoglycorrhachia. A glucose 
level of less than 40 mg/dL and proteins greater than 1 g/L are highly 
indicative of CNS TB. Solomons et al. observed that the diagnostic utility 
of CSF analysis in pediatric patients with meningeal TB has a high 
specificity (94 %), but suboptimal sensitivity (78 %) [35]. Among the 
fourteen cases of meningeal TB in our cohort, only three had > 1 g/L CSF 
protein levels, and six had glucose levels < 40 mg/dL. This highlights the 
limited sensitivity of CSF chemistry in detecting meningeal TB. 

Prompt TB meningitis identification is critical, as early diagnosis 
decreases morbidity and mortality. Studies indicate that 65 % of TB 
meningitis survivors face neurological deficits, including motor, sen-
sory, and cognitive impairments. Early treatment mitigates the likeli-
hood of developing sequalae, such as cerebral palsy, sensory 
impairment, intellectual disability, and neurodevelopmental disorders. 
Detecting mycobacterial infection is challenging due to its paucibacil-
lary nature. In our cohort, only four patients with meningeal TB had a 
positive NAAT, while none had positive CSF cultures. Huynh proposed a 

Table 5 
Clinical outcomes of children with TB according to their epidemiological 
characteristics.  

Characteristic Cured 
(n ¼ 52) 

Died 
(n ¼ 12) 

p- 
value 

Totald 

(n ¼ 64) 

TB clinical presentation ¡ No. (%) 
Pulmonary TBa 29 (828) 6 (17.1) 0.009* 35 
Ganglionic TB 13 (100) 0 (0) 13 
Meningeal TB 5 (55.5) 4 (44.4) 9 
Miliary TB 1 (33.3) 2 (66.6) 3 
Skeletal TB 2 (100) 0 (0) 2 
Otherb 2 (100) 0 (0) 2 
Age ¡ No. (%) 
<1 year 1 (33.3) 2 (66.6) 0.174 3 
1–4 years 14 (87.5) 2 (12.5) 16 
5–12 years 19 (82.6) 4 (17.4) 23 
13–18 years 18 (81.8) 4 (18.1) 2 
Sex ¡ No. (%) 
Male 28 (84.9) 5 (15.1) 0.447 33 
Female 24 (77.4) 7 (22.6) 31 
Location ¡ No. (%) 
Metropolitan (population >

50,000) 
14 (87.5) 2 (12.5) 0.460 16 

Micropolitan (population < 
50,000) 

38 (79.1) 10 (20.9) 48 

Bacillus Calmette–Guérin vaccination status ¡ No. (%) 
Vaccinated 28 (87.5) 4 (12.5) 0.2 32 
Not vaccinated 24 (75) 8 (25) 32 
Immunodeficiencyc − No. (%) 
Yes 4 (50) 4 (50) 0.015* 8 
No 48 (85.7) 8 (14.3) 56 

Abbreviation: TB, tuberculosis. 
a We included patients with pleural involvement in this tuberculosis clinical 
presentation. 
b Other tuberculosis clinical presentation: Intestinal or renal tuberculosis. 
c Immunodeficiencies: Cancer, human immunodeficiency virus infection, 
chronic granulomatous disease, systemic lupus erythematosus. 
d 36 patients who were undergoing treatment at the time of the study were 
excluded from this analysis. 
* A p-value less than 0.05 is considered statistically significant. 
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diagnostic algorithm based on clinical presentation and risk factors, 
recommending rapid complementary diagnostic techniques such as AFB, 
NAAT, and neuroimaging [36,37]. Additionally, a treatment regimen 
comprising antituberculous drugs for more than 12 months is suggested, 
with corticosteroid therapy during the first eight weeks. 

Chest imaging studies aid in the diagnosis of pulmonary TB and are 
also useful for evaluating treatment response and assessing disease- 
specific complications. The most predominant radiological manifesta-
tion in our cohort was lymphadenopathy, with a frequency of 48 cases 
(70.5 %), consistent with previous reports in the literature. Lymphade-
nopathy involving the hilum and mediastinum is a frequent finding in 
pediatric TB and may represent the sole radiological finding [38]. Chest 
CT scan is the gold standard for detecting lymphadenopathy and can 
identify lymph node involvement in up to 60 % of patients who present 
with a normal chest X-ray [39]. 

In our cohort (n = 33), pulmonary parenchymal infiltrates are 
prevalent in imaging studies. Among these, interstitial infiltrates (n =
26) often occur during latent infection reactivation via bronchogenic 
dissemination. This occurs in 20 % of secondary TB patients, affecting 
upper lobe apical segments due to high oxygenation levels [40,41]. 
High-resolution CT scans reveal 2–4 mm centrilobular nodules with 
branching opacities (tree-in-bud sign), indicating bronchiole caseous 
necrosis [42]. Miliary infiltrates (n = 7) are a pathognomonic feature of 
miliary TB, appearing as numerous < 2 mm non-calcified pulmonary 
nodules on chest imaging due to hematogenous infection dissemination 
in both primary and secondary disease, affecting young children and 
immunocompromised individuals[43,44]. 

Interestingly, pleural effusion was present in 21 patients with 
abnormal chest imaging. This finding is uncommon in children and its 
prevalence increases with age [45,46]. Effusions result from lymphatic 
blockage or hypersensitivity, making microorganism isolation rare. 
Mycobacteria may be detected if effusion is caused by hematogenous 
spread or proximity to a caseating granuloma near the pleura [41]. Chest 
ultrasound is the first-line study when effusion is suspected; addition-
ally, chest CT can measure the effusion and detect bronchopleural 
fistulas. 

As TB confers high mortality risk, we explored possible associations 
with mortality in our cohort. Among the studied variables, only TB 
clinical presentation (p-value = 0.009) and immunodeficiency (p-value 
= 0.015) were significantly associated with mortality. We observed 
heterogeneity in mortality rates based on the clinical presentation, with 
severe types of tuberculosis, such as meningeal and miliary TB, showing 
higher mortality rates compared to pulmonary TB. These findings are 
consistent with those from a similar study conducted in China, where 
severe types of TB were associated with significantly higher mortality 
rates with an odds ratio of 1.71 (95 % CI: 1.24–2.36) [18]. 

Our study revealed that mortality was significantly elevated (p-value 
= 0.015) in patients with immunodeficiency. It is well known that 
immunocompromised individuals, especially those with HIV, are at 
higher risk of disease progression [47,48]. In a recent meta-analysis, TB- 
HIV co-infection was shown to have a markedly higher fatality rate [49]. 
The advent of antiretroviral therapy has significantly modified the 
incidence, morbidity, and mortality of TB in this population [47]. For 
instance, a study conducted in the Democratic Republic of Congo 
demonstrated that antiretroviral treatment significantly reduced the 
incidence from 20.4 to 10.2 per 100 person-years [50]. 

The progression of TB disease is influenced by several factors, 
including the relative immaturity of the immune system at early ages 
[6]. Young patients (<4 years) are at a higher risk of developing active 
TB and severe forms of the disease; however, we did not find a signifi-
cant association between age and mortality (p-value = 0.174). The BCG 
vaccination status was relatively low, despite the vaccine being included 
in the Mexican immunization schedule, where all children should be 
vaccinated at birth. Factors such as vaccine hesitancy and transient 
supply shortage in the country have contributed to a decline in immu-
nization coverage. However, vaccination status was not found to be 

statistically related to mortality (p-value = 0.2), despite being described 
as a protective measure against disseminated TB. BCG prevents an 
estimated 117,000 deaths annually [51]. Although not statistically sig-
nificant, both patients who died from TB under the age of one didn’t 
receive the vaccine and mortality was twice as high in the unvaccinated 
patients. 

Our study has limitations, primarily due to its retrospective nature, 
sample size and limited power. Firstly, the sample was derived from a 
referral hospital, leading to a potential sampling bias as these cases are 
typically more severe. Also, the limited sample size and the insufficient 
statistical power may compromise the precision and generalizability of 
our results. Secondly, certain demographic, clinical data or diagnostic 
workup were incomplete or absent in medical records. Additionally, 
patients with a delayed/incorrect diagnosis, were not included in our 
study. Despite these limitations, our study provides valuable insights 
into outcomes and associated factors in this hospital that serves as the 
primary referral center for pediatric TB in northern Mexico, offering a 
nationally representative investigation. 

5. Conclusion 

Increasing the visibility of tuberculosis is imperative to end this 
disease. We report relevant clinical data and diagnostic study results of a 
large pediatric tuberculosis cohort, stratified by the different forms of 
disease. A high index of suspicion of tuberculosis is required for a timely 
diagnosis and treatment initiation, particularly among immunocom-
promised individuals, in whom mortality is higher. 
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