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We present the case of a 19-year-old male patient with pulmonary tuberculosis and severe malnutrition, resi-

dent at 4150 masl in El Alto, La Paz, Plurinational State of Bolivia. The clinical case included abdominal pain, 

dyspnoea, weight loss, nocturnal diaphoresis, lower limb oedema and anaemia. Laboratory tests revealed se-

vere anaemia, leucopenia, thrombocytopenia and hypoalbuminaemia, with positive serial sputum smear mi-

croscopy with high bacillary load. Chest X-ray and CT scan showed bilateral alveolar infiltrates and pulmonary 

micro cavitations. Intensive antituberculosis treatment with isoniazid, rifampicin, pyrazinamide and ethambu-

tol was started, along with nutritional support and oxygen therapy, achieving complete clinical recovery and 

negative sputum smear tests. This case highlights the bidirectional interaction between tuberculosis and mal-

nutrition in a context of chronic hypoxia associated with high altitude, highlighting the need for multidiscipli-

nary approaches in high altitude settings. 
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In  

Se presenta el caso de un paciente masculino de 19 años con tuberculosis pulmonar y desnutrición severa, 

residente a 4150 msnm en El Alto, La Paz-Estado Plurinacional de Bolivia. El caso clínico incluía dolor abdo-

minal, disnea, pérdida de peso, diaforesis nocturna, edema en miembros inferiores y anemia. Las pruebas de 

laboratorio revelaron anemia severa, leucopenia, trombocitopenia e hipoalbuminemia, con baciloscopia seriada 

de esputo positiva con alta carga bacilar. La radiografía y tomografía de tórax mostraron infiltrados alveolares 

bilaterales y micro cavitaciones pulmonares. Se instauró un tratamiento antituberculoso intensivo con iso-

niazida, rifampicina, pirazinamida y etambutol, acompañado de soporte nutricional y oxigenoterapia, logrando 

recuperación clínica completa y negativización de la baciloscopia. Este caso destaca la interacción bidireccio-

nal entre tuberculosis y desnutrición en un contexto de hipoxia crónica asociadas a la altitud elevada, resaltando 

la necesidad de enfoques multidisciplinarios en entornos de altitud elevada. 
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Introduction 

 

Tuberculosis (TB) and malnutrition are two closely 

linked public health problems with a bidirectional re-

lationship, due to the extraordinary ability of Myco-

bacterium tuberculosis to evade the human body's 

defences and take advantage of a weakened immune 

system, as well as its ability to reactivate from latent 

TB1-4. Malnutrition contributes to susceptibility to in-

fection and the development of diseases such as pul-

monary TB1,3. 

According to a meta-analysis of 53 studies, malnutri-

tion is common in males (52.3 %) in pulmonary TB 

patients and in vulnerable populations, with a preva-

lence of 11.7 %, which warrants the need for strict 

monitoring in critically ill patients5,6. 

Anti-tuberculosis treatment is divided into two 

phases: an intensive phase of 8 weeks, in which drugs 

such as isoniazid, rifampicin, pyrazinamide and eth-

ambutol are used, and a 16-week continuation phase 

that includes isoniazid and rifampicin7. 

The City of El Alto, located at an altitude of 4150 

metres above sea level (masl) in the La Paz depart-

ment of the Plurinational State of Bolivia8. As in Ti-

bet, 53 % of Tibetans live at high altitudes above 

3500 metres above sea level9. These populations 

have a remarkable physiological adaptation to life in 

hypoxic conditions, and have unique conditions for 

studying this interaction at high altitude. Studies have 

shown that Tibetan adolescents and adults have sig-

nificantly higher forced vital capacity (FVC) and 

forced expiratory volume in 1 second (FEV1) than  

individuals born and living at high altitude, indicat-

ing a pattern of adaptation to hypoxia at high alti-

tude10. 

Under these conditions, it is important to note that the 

normal arterial partial pressure of oxygen (PaO2) in 

the cities of La Paz and El Alto (3100 to 4150 masl) 

is 60 mmHg, one third less than at sea level8. This  

 

 

may exacerbate hypoxaemia caused by pulmonary 

TB, including alveolar hypoventilation, impaired dif-

fusion or ventilation-perfusion imbalance. However, 

to our knowledge, scientific evidence in this geo-

graphical context is limited on the interaction be-

tween pulmonary TB and severe malnutrition. 

This case report aims to highlight the therapeutic 

challenges and strategies needed to address these 

complexities in an extreme altitude setting. 

 

Case presentation 

 

A 19-year-old male patient, resident in the City of El 

Alto, Plurinational State of Bolivia, located at 4150 

m above sea level. He presented with a clinical pic-

ture of 4 months of evolution, characterised by ab-

dominal pain, dyspnoea, progressive weight loss, 

nocturnal diaphoresis, oedema of the lower limbs and 

anaemia. Further anamnesis revealed that his mother 

was diagnosed with pulmonary TB and started anti-

tuberculosis treatment. The patient had no known 

chronic medical illnesses or surgeries. 

On physical examination, blood pressure was 93/60 

mmHg, pulse 92 beats per minute, axillary tempera-

ture 36.5° C, respiratory rate 16 breaths per minute 

and oxygen saturation 95 % with supplemental oxy-

gen of 2 L min-1. Body mass index was 12.1 kg m-2. 

Chest examination showed marked bony promi-

nences of rachitic thorax type, and pulmonary aus-

cultation showed crackles in the right and left su-

prascapular regions. Abdominal examination re-

vealed an excavated abdomen, painful on deep pal-

pation in the epigastric, mesogastric and right iliac 

fossa regions. He had pale oral mucosa, tongue and 

conjunctivae, dehydrated skin, also evident on the 

trunk and extremities (Figure 1-2). 
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Figura 1 Desnutrición severa en decúbito sentado con 

vista anterior 

 

 

 

 

 

Figura 2 Desnutrición severa en posición de sentado 

con vista lateral 

 

 

 

 

Tabla 1 Hallazgos de laboratorio 

 
Laboratory test Units Results Reference range 

White blood cell count Cell μL-1 3.23 5 - 10 x 103 

Lymphocytes Cell μL-1 0.19 1.2 - 4.0 x 103 

Hemoglobin g dL-1 7.8 12 - 16 

Hematocrit % 25.3 40 - 54 

Mean corpuscular volume fL 87.5 80 - 100 

Platelets μL 53.0 150 - 300 x 103 

Creatinine mg dL-1 0.9 0.8 – 1.5 

Aspartate transaminase U L-1 89.9 <35 

Alanine transaminase U L-1 64.5 <41 

Alkaline phosphatase U L-1 1750 <240 

Serum sodium mmol L-1 128 135 - 145 

Serum potassium mmol L-1 3.3 3.5 – 5.3 

C-reactive protein mg L-1 169.6 ≤5 

Glucose mg dL-1 51.2 70 - 110 

Serum iron µg dL-1  37.03 65 - 170 

Ferritin µg dL-1 744.8 20 - 250 

Total proteins g dL-1 5.1 6.2 - 8.5- 

Albumin g dL-1 2.9 3.4 - 5.3 

HIV – Non-reactive – 

Sputum bacilloscopy – Positive +++ – 

fL femtoliter, HIV human immunodeficiency virus. 

 

Following laboratory tests (Table 1), the complete 

blood count revealed severe anaemia, leukopenia and 

thrombocytopenia. Liver enzymes aspartate transam-

inase (AST), alanine transaminase (ALT), alkaline 

phosphatase and C-reactive protein were elevated. 
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Serum albumin and serum potassium were de-

creased. Serial sputum smear microscopy was posi-

tive with 3 crosses. HIV test was non-reactive. Chest 

X-ray revealed radiopaque infiltrates in the bilateral 

infraclavicular region with left predominance (Figure 

3). Chest CT scan showed alveolar infiltrates and mi-

crocavitations in the upper lobes (Figure 4). 

 

Figura 3 Radiografía posteroanterior (PA) de tórax 

 

 

 

The initial impression was active pulmonary TB with 

high bacillary burden and severe malnutrition. Inten-

sive phase anti-TB treatment was started with 4 tab-

lets of HRZE orally in a single dose (single dose), 

including isoniazid (H) 225 mg, rifampicin (R) 450 

mg, pyrazinamide (Z) 1000 mg and ethambutol (E) 

600 mg, administered from Monday to Saturday. Ac-

companied by nutritional support with hyperproteic 

and hypercaloric food. He also received blood trans-

fusion of 2 units of whole blood. Intranasal oxygen 

was administered at 2 L min-1. Two months after 

starting anti-tuberculosis treatment, the patient pre-

sented complete clinical recovery, negative sputum 

smear test and resolution of alveolar infiltrates in the 

chest CT scan. 

 

Figura 4 Tomografía axial computarizada (TAC) de 

tórax con proyección coronal 

 

 

 

Discussion 
 

The interaction of pulmonary TB is closely related to 

severe malnutrition11 and is further complicated by 

living conditions at high altitudes such as the Tibetan 

Plateau (≥3000 m asl), with the proportion of TB (50 

%) and high nutritional risk, as noted in a cross-sec-

tional observational study with a total of 289 Tibetan 

patients hospitalized in the Department of Respira-

tory and Critical Care Medicine of the People's Hos-

pital of the Tibet Autonomous Region in Lhasa12. 

While severe malnutrition, living at high altitude and 

the development of TB pose significant challenges, 

they also offer opportunities for intervention, as was 

the case in our case. 

In a meta-analysis of 53 studies with pulmonary TB, 

the prevalence of malnutrition was (48 %)5. In a 

small cross-sectional study involving 54 newly la-

boratory diagnosed TB patients seen at a tertiary care 

hospital in Gangtok, Sikkim, India, a Himalayan part 

situated at a mean altitude of 5412 ft above sea level 
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(1650 m), it was found that as vitamin D levels de-

crease in the patient, the risk of developing TB was 

higher with Odds ratio = 3.2 (p = 0.001)13 and cor-

roborated with a meta-analysis of 69 studies, vitamin 

D deficiency was identified as a risk factor for TB 

(OR = 2.19, 95 % CI, 1.76-2.73, p = <0.001)14. Alt-

hough vitamin D levels were not determined in our 

case, to correlate TB and vitamin D deficiency, it is 

reasonable to hypothesize that TB patients have 

lower serum levels of vitamin D than healthy indi-

viduals and would contribute to the development of 

TB in high altitude situations, due to the clothing pat-

tern of its inhabitants, as well as exposure to sunlight. 

The interaction of these 2 factors (TB and malnutri-

tion) requires a comprehensive approach to manage-

ment in high altitude geographic areas. Malnutrition 

is a cause of secondary immunodeficiency and a key 

comorbidity in TB cases15. While malnutrition and 

TB pose significant challenges for management, they 

also offer opportunities for intervention, as was the 

case in our case. 

Our results also point to several blood biomarkers, 

including total protein, albumin, hemoglobin, and C-

reactive protein (CRP). As expected, the level of total 

protein and serum albumin were low, while serum 

CRP levels were increased by the same tuberculosis 

disease, as pointed out in the meta-analysis study of 

111 studies and highlighted that they are useful bio-

chemical indicators of malnutrition, even with the 

presence of chronic inflammation16. 

A study conducted at the Guanzhou Chest Hospital 

with 952 hospitalized patients, showed that nutri-

tional status is significantly associated with the se-

verity of pulmonary TB, and the average immune 

function, the effects of nutritional status on the sever-

ity of pulmonary TB and maintaining optimal im-

mune function, help reduce the risk of severe pulmo-

nary TB17. At the same time, it is expected that nutri-

tional status (prognostic nutritional index) and im-

mune status, with the reduction of platelet-lympho-

cyte ratio levels, become early diagnostic markers of 

TB severity18, as observed in the laboratory findings 

of our case. 

 

Conclusion 

 

This clinical case, originated in the Hospital del 

Norte of El Alto, Plurinational State of Bolivia, high-

lights the interaction between pulmonary TB, severe 

malnutrition and the unique conditions of high alti-

tude, as evidenced in a young resident of El Alto, La 

Paz-Plurinational State of Bolivia. Chronic hypoxia 

associated with altitude not only exacerbates the ef-

fects of malnutrition and TB, but also poses unique 

challenges for clinical management. The implemen-

tation of a multidisciplinary approach, including in-

tensive anti-TB treatment, nutritional support and ox-

ygen therapy, allowed the patient to achieve full re-

covery. 

The experience gained from this case can contribute 

as a reference to improve treatment strategies in sim-

ilar vulnerable populations. Early diagnosis and 

timely management are crucial to reduce the high 

burden of TB in countries with adverse environmen-

tal and geographic conditions. 

This report emphasizes the importance of recogniz-

ing and treating the bidirectional interactions be-

tween infectious disease, nutritional status and ad-

verse environmental conditions. Furthermore, it 
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highlights the need to develop specific management 

strategies for populations at extreme altitudes, as well 

as to conduct additional research exploring the path-

ophysiological mechanisms and most effective ther-

apeutic interventions in these contexts. 
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