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Abstract 

The combination of pulmonary tuberculosis and type 1 diabetes is a significant public health problem, especially in developing 

countries, where the incidence of both diseases is rising sharply. According to the World Health Organization (WHO), by 2022, 

23% of tuberculosis cases will be in Africa. Morocco is one of the countries with a medium incidence of tuberculosis. The 

Ministry of Health has launched a national strategic plan for the prevention and control of tuberculosis. However, there is no 

national study on the prevalence of tuberculosis in diabetic children in Morocco. Several studies in the literature have 

investigated the specifics of this association, and have shown that there is a two-way association between tuberculosis and type 1 

diabetes. Latent tuberculosis is most common in diabetic children, while active tuberculosis can give rise to severe and atypical 

presentations. In this study 2 cases have been reported of type 1 diabetes associated with pulmonary tuberculosis, of varying 

severity, in a 15-year-old child known to be diabetic and an 18-month-old infant with inaugural diabetes, in order to determine the 

clinical, paraclinical, therapeutic and evolutionary particularities of tuberculosis in these children. 
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1. Introduction 

Tuberculosis is an infectious opportunistic disease caused 

by Mycobacterium Tuberculosis (MT). It is a public health 

problem and a major cause of morbidity and mortality 

worldwide [1, 2]. 

Type 1 diabetes (T1D) is an autoimmune disease resulting 

in the complete destruction of the beta cells of the islets of 

Langerhans. Its incidence has risen steadily over the past 2 

decades. It is associated with a high risk of developing an 

infectious disease [2, 3]. 

The association of diabetes with tuberculosis is well estab-

lished in several systematic reviews [1, 2, 4-6]. However, the 

precise pathophysiological mechanisms of this association are 

still poorly understood [1]. In a meta-analysis, it was reported 

that diabetes tripled the risk of active tuberculosis and that 

around 15% of tuberculosis cases worldwide are associated 

with diabetes [1, 2]. 

However, studies in children are rarer than those in adults. 

There is a two-way association between tuberculosis and 

diabetes, although diabetes is a powerful risk factor for tu-

berculosis, tuberculosis also influences glycemic control in 

diabetic patients [1]. 

The prevalence of diabetes is rising sharply in developing 
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countries where tuberculosis is also endemic [1, 2]. This could 

considerably amplify the public health impact of this double 

burden of disease. As a result, tuberculosis and diabetes are 

currently among the world's top public health priorities. 

2. Case Report 

In this study 2 cases have been reported of children followed 

for T1D associated with pulmonary tuberculosis of variable 

occurrence and severity, followed at the pediatric endocrinology 

unit, Department of Childhood Diseases, Abderrahim Harouchi 

Mother-Child Hospital, in Casablanca, Morocco. 

The first case concerns a 15-year-old child with T1D, fol-

lowed for 2 and a half years with glycemic imbalance, who 

presented with a severe form of pulmonary tuberculosis and 

an aspergillosis graft. The 2nd case concerned an 

18-month-old infant who presented with pulmonary tuber-

culosis discovered synchronously with diabetes. The diagno-

sis of pulmonary tuberculosis was confirmed bacteriologi-

cally in both children. The aim of this study was to analyze the 

clinical, radiological, evolutionary, and therapeutic features of 

this association. 

3. Results 

Case 1: 

A 15-year-old male child, from a first-degree consanguin-

eous marriage, without tuberculosis contagion, followed for 

T1D for 2 and a half years, on a basal bolus regimen, poorly 

balanced, with his mean glycated hemoglobin (HbA1c) being 

11%. 

He was admitted to the pediatric endocrinology unit with 

acute digestive symptoms of abdominal pain and vomiting, 

associated with a chronic productive cough dating back a 

month and a half, resistant to betalactamines and macrolides, 

complicated by the appearance of small hemoptysis 4 days 

before admission. All of this occurred in a context of a dete-

riorating general condition, with weight loss of 4kg in one 

month, and fever at 38°C. 

On admission, the child was drowsy, with acetone breath 

odor, dehydrated and with sunken eyes, with no signs of 

respiratory distress. Skin recoloration time was less than 3 

seconds. There was no mottling and the extremities were 

slightly cold. Respiratory rate was 38 cycles per minute. 

Heart rate was 110 beats per minute. Blood pressure was 

110/80 mmHg. SpO2 was 95% on room air. Temperature was 

38.2°C. Pleuropulmonary auscultation revealed bilateral 

crepitus rales. Blood glucose level was 5.2g/dl. Urine dipstick 

showed 3+ of acetone and 3+ of glucose. The abdomen was 

soft, with no abdominal guarding or contractures. 

Rehydration with 0.9% sodium chloride at a rate of 10 

cc/kg/hour for two hours was started as an emergency, after 

performing a serum electrolytes test and renal function test. 

Corrected natraemia was normal at 139 mmol/l, with cor-

rected kalaemia at 5 mmol/l, alkaline reserves were 8 mmol/l. 

plasma osmolarity was 302 mOsm. Renal failure was ob-

served, with creatinemia at 8.8 mg/l and glomerular filtration 

rate at 77 ml/min. Glycated hemoglobin was very high at 

17%. 

For frank severe cases of diabetic ketoacidosis, after two 

hours of rehydration with salted serum, an infusion of 3l/m2/d 

of 5% glucose serum was started, combined with insulin 

therapy using a self-pulsing syringe (SAP) at a dose of 0.05 

IU/kg/h for 4 hours, then 0.1 IU/kg/h. With strict clinical, 

neurological, hemodynamic, and respiratory monitoring, and 

a serum electrolyte test at H2, H6, H12 and H24. 

After the child had been stabilized and switched to subcu-

taneous insulin therapy, after 28 hours of SAP, a thoracic 

radiograph revealed an interstitial syndrome and an excavated 

pulmonary opacity (figure 1). 

 
Figure 1. A thoracic radiograph revealed an interstitial syndrome 

and an excavated pulmonary opacity. 

In view of this radiological appearance, a bacteriological 

workup was initiated, revealing acid-fast bacilli in the cyto-

bacteriological examination of the sputum. The tuberculin 

intradermal test was negative. While the quantiFERON test 

was positive. 

Thoracic computed tomography scan (Thoracic CT scan) 

showed bilateral bronchopneumopathy associated with mul-

tiple excavated lesions, with a strong suspicion of grafting of 

Aspergillus in the bilateral upper lobar region (figure 2). 
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Figure 2. Thoracic CT scan showing multiple lesions excavated from 

the two upper lobes of the lung, the largest of which is in the right 

upper lobe measuring approximately 64×48 mm. Hyperdense materi-

al was seen in two of these cavities, bilaterally, measuring 24×14 mm 

on the right and 25×16 mm on the left. Multiple scattered micronod-

ular and reticular infiltrates are present in both lung fields, giving the 

appearance of a tree-in-bud pattern. Scattered bilateral cylindrical 

and cystic foci of bronchiectasis associated with peribronchovascular 

thickening, some of which are the site of mucoid impaction. Multiple 

basal cervical and mediastinal adenopathies, the largest of which is 

subcarinal, measuring 10.5 mm in its minor axis. 

In view of the strong suspicion of aspergillosis on thoracic 

CT, aspergillus serology was carried out, including the 

search for soluble aspergillus antigens (Galactomannan anti-

gen), which was positive with an index of 3.4. 

Given the severity of the clinical presentation, in addition 

to T1D, an associated immune deficiency was sought, but the 

blood count was normal and human immunodeficiency virus 

serology was negative. Immunoglobulins and lymphocyte 

subpopulations were normal. 

Antituberculosis treatment was started with quadritherapy; 

Rifampicin (R) at a dose of 15 mg/kg/d, Isoniazid (H) at a 

dose of 10 mg/kg/d, Pyrazinamide (Z) at a dose of 35 

mg/kg/d, and Ethambutol (E) at a dose of 20 mg/kg/d, for 2 

months, combined with voriconazole at a dose of 10 mg/kg/d 

for 12 weeks, and ciprofloxacin at a dose of 30 mg/kg/d, then 

HR (Rifampicin, Isoniazid) for 4 months. Combined with 

insulin therapy using a basal bolus regimen with a dose of 

1.4 IU/kg/d. Progression was marked by improvement in 

respiratory function and glycemia. 

Case 2: 

18-month-old male infant admitted with polyuro polydip-

sic syndrome for 2 weeks. History: From a 

non-consanguineous marriage, with good psychomotor and 

staturo-ponderal development. The father and older brother 

have been treated for pulmonary tuberculosis for 2 months. 

Examination on admission revealed a drowsy infant with a 

Glasgow score of 13/15, dehydrated with sunken eyes and 

dry mucous membranes. Extremities were cold, with no 

mottling, and skin recoloration time greater than 3 seconds. 

Respiratory rate was 40 cycles per minute. Heart rate was 

139 beats per minute. Blood pressure was 112/70 mmHg. 

SpO2 was 97% on room air. He was apyretic at 36.9°C. 

Capillary blood glucose was 4.82 g/dl, with ketones present 

on urine dip-stick. Filling with 0.9% saline at a dose of 20 

cc/ kg over 10 min was performed urgently, with restoration 

of hemodynamic status, followed by rehydration with 0.9% 

saline at a dose of 10 cc/kg/hour for two hours. An H0 a 

serum Electrolytes test showed a normal corrected natraemia 

of 136 nmol/l, with normal corrected kalaemia of 3.1 nmol/l. 

Plasma osmolarity was 298 mOsm. Urea at 0.40 g/l, with 

creatinemia at 4.2 mg/l. While Alkaline reserves were < 

5mmol/l. Glycated hemoglobin was 10%. 

An infusion of 5% glucose solution combined with SAP in-

sulin therapy at a dose of 0.025 IU/kg/hour for the first 4 hours, 

followed by 0.05 IU/kg/hour for 26 hours. Was administered 

with clinical and biological monitoring. During monitoring, 

there was normalization of consciousness and signs of dehy-

dration. However, high blood glucose levels persisted beyond 

24 hours of monitoring, with disappearance of ketone bodies. 

Biological balance remained correct during monitoring. The 

infant was then put on subcutaneous insulin therapy, according 

to the basal bolus regimen at a dose of 1 IU/kg/d. 

 
Figure 3. Front chest X-ray without abnormalities. 

 
Figure 4. Thoracic CT scan showing retractile moniliform bron-

chiectasis of the middle lobe and left posterobasal lobes, associated 

with peribronchial thickening, with left posterobasal branching 

micronodules, pre-aortic calcified nodes, lingular and middle lobar 

band atelectasis. 
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In view of the tuberculosis contagion, a thoracic radio-

graph was performed, with normal results (figure 3). A bac-

teriological work-up was carried out to check for acid-fast 

bacilli in the gastric tubing fluid, with positive results. The 

intradermal tuberculin test was negative. However, the quan-

tiFERON test was positive. A thoracic CT scan revealed 

bilateral infectious bronchopneumonia (figure 4). 

Antituberculosis treatment was started with quadritherapy: 

Rifampicin (R) at 15 mg/kg/d, Isoniazid (H) at 10 mg/kg/d, 

Pyrazinamide (Z) at 35 mg/kg/d, and Ethambutol (E) at 20 

mg/kg/d, for 2 months, then HR for 4 months. Regular fol-

low-up by the pediatric endocrinologist and pediatric pul-

monologist, with good clinical progress in terms of respira-

tory and blood sugar levels. 

4. Discussion 

The association of tuberculosis and T1D represents a ma-

jor burden for the healthcare system, particularly in develop-

ing countries where tuberculosis is one of the most frequent 

causes of bacterial infection and where the prevalence of 

T1D is rising remarkably [1]. 

Estimates of the prevalence of tuberculosis in diabetics are 

heterogeneous in the literature. Pediatric studies have shown 

the prevalence to range from 4.2% to 29.5% [4]. This heter-

ogeneity between studies can be explained mainly by three 

factors: the quality of the studies, the geographical region, 

and the baseline incidence of tuberculosis [6]. 

Morocco is one of the countries with a medium incidence 

of tuberculosis. The incidence rate per 100,000 inhabitants 

has fallen from 115 in 2000 to 94 in 2021 [5]. The Moroccan 

Ministry of Health has launched a national strategic plan for 

the prevention and control of tuberculosis (NTCP) [5]. 

However, there is no national study on the prevalence of 

tuberculosis in diabetic child 

ren in Morocco. 

Indeed, diabetes is a predisposing condition for tuberculo-

sis. People with diabetes are three times more likely to de-

velop tuberculosis [1, 2]. Several meta-analyses have been 

carried out in this respect, showing that diabetes is associated 

with an increased risk of developing latent and active tuber-

culosis [2, 4, 6, 7]. Other studies have shown that the risk of 

latent tuberculosis progressing to active tuberculosis is be-

tween 5 and 15%, with an increased risk in people suffering 

from immunosuppressive diseases such as diabetes [4]. 

Although the precise pathophysiological mechanism re-

mains unknown, suggested hypotheses have included de-

pressed cellular immunity, alveolar macrophage dysfunction, 

low levels of interferon gamma, pulmonary microangiopathy 

and micronutrient deficiency [1, 2]. On the other hand, tu-

berculosis affects glycemic control in diabetic patients [2]. 

A study by Majaliwa et al [4] found that children with un-

balanced diabetes and an Glycated hemoglobin (HbA1c) of 

over 7% were significantly more likely to have tuberculosis 

than children with an HbA1c of less than 7%, which is in 

line with the data from 2 observations in this study where 

both children had unbalanced glycemia and an HbA1c of 

over 7%. Unfortunately, studies carried out in Africa show a 

high rate of poor glycemic control, thus exposing a high risk 

of tuberculosis [4]. 

Diabetics can present with severe forms of pulmonary tu-

berculosis, with atypical localizations and often extensive 

radiological abnormalities [1], which is in line with the first 

observation, since the child presented with severe pulmonary 

involvement, with multiple excavated lesions in both upper 

lobes, and in the right Flower, with bilateral interstitial in-

volvement. This may explain the isolation of acid-fast bacilli 

in this patient's sputum cytobacteriological examinations. 

Diabetes has been reported to be associated with an in-

creased likelihood of positive sputum smear results [2]. Ac-

cording to Shen et al, the radiological features of tuberculosis 

in diabetic patients vary from study to study, and the fre-

quency of unusual radiographic features is probably overes-

timated [1]. 

The QuantiFERON test is the best diagnostic test for tu-

berculosis after the GeneXpert [1, 8]. According to Shin et al 

[8] and Walsh et al [9], diabetes does not affect QantiFERON 

results, unlike the tuberculin intradermal reaction, which can 

be affected by diabetes. However, a study by Faurholt et al 

[10] showed low sensitivity of the QuantiFERON test in 

tuberculosis patients with T1D, due to immune dysfunctions 

that can affect the interferon gamma response to MK antigen. 

According to several studies [11, 12] the sensitivity of Gen-

eXpert is better than that of microscopy and the Quanti-

FERON test in immunocompromised patients, particularly 

diabetics. In fact, the GeneXpert test shortens diagnosis 

times (results within 2 hours), increases tuberculosis detec-

tion rates and enables early detection of rifampicin resistance. 

Since 2014, the use of Gene Xpert has been adopted in Mo-

rocco's National Tuberculosis Control Program (NTCP) and 

replaces microscopy in the 2020 NTCP [11]. 

In the first observation in this study, the child presented 

with a grafting of Aspergillus suspected on CT scan in view 

of the graft image and confirmed by aspergillosis serology. 

Its occurrence is mainly conditioned by the presence of un-

derlying respiratory pathology, and the host's immune re-

sponse [13, 14]. 

Studies of pulmonary aspergillosis in children with isolat-

ed T1D are rare. The child reported in the first observation 

had a normal immune system, and diabetes was the only 

immunosuppressive factor. 

However, diabetic children may present with a latent, 

asymptomatic form, which is the most frequent form ac-

cording to several studies, notably that carried out by 

Hayashi et al [6], and Miora et al [15]. This is in line with the 

second observation of this study, since the infant presented 

no respiratory symptoms, and the discovery was made fol-

lowing screening for the presence of tuberculosis contagion 

in the brother and father. However, according to World 

Health Organization (WHO) guidelines on the management 
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of latent tuberculosis, there was no recommendation to 

screen patients with T1D for latent tuberculosis, due to weak 

evidence [16]. Nevertheless, the WHO recommends screen-

ing and treatment of latent tuberculosis in all children under 

5 years of age who have been exposed to tuberculosis 

through a known positive contact. 

According to Casqueiro et al, patients with diabetes are 

more likely to develop multi-resistant tuberculosis, and 

treatment failure and death are more frequent in these pa-

tients [7]. However, Gautam et al reported in a meta-analysis 

that diabetes does not contribute to a multi-resistant tubercu-

losis [17]. Furthermore, diabetes is an independent risk factor 

for tuberculosis relapse [3]. 

In addition to insulin therapy, anti-bacillary treatment was 

started in both children with quadritherapy; rifampicin, isonia-

zid, pyrazinamide and ethambutol (RHZE) for 2 months, then 

dual therapy; rifampicin and isoniazid (RH) for 4 months, 

combined with voriconazole, and ciprofloxacin in the first 

child, regular follow-up between the pulmonologist and endo-

crinologist was carried out with good clinical evolution. 

The increase in the number of children with diabetes, par-

ticularly in areas with a high prevalence of tuberculosis, is 

prompting national tuberculosis control programs to step up 

their efforts to focus on the treatment and follow-up of pa-

tients with diabetes and tuberculosis. 

5. Conclusions 

Children with type 1 diabetes have a significantly higher 

risk of developing tuberculosis than the general population, 

especially in cases of glycemic imbalance, hence the im-

portance of good glycemic control. Studies of this association 

seem necessary in order to establish appropriate programs for 

tuberculosis control in diabetic children. 
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