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Introduction: Silicosis, an occupational lung disease caused by crystalline silica dust,
is often complicated by tuberculosis (TB). The epidemiological triad suggests disease
results from imbalanced interactions between the host, agent, and environment.

Case: A 63-year-old underweight man presented with decreased consciousness after
consuming drugs, chronic cough, low-grade fever, weight loss, and lower urinary tract
symptoms. He was a smoker, drug abuser, and alcoholic. He had worked as a
construction worker for 33 years without personal protective equipment (PPE). The
patient lived in substandard housing, and three neighbors had a history of TB. Urine
toxicology was positive for amphetamine. Abdominal ultrasound showed prostate
enlargement. A chest X-ray showed fibroinfiltrates, cavities, and reticulogranular
patterns. A high-kV chest X-ray revealed profusion levels of 1/2 S/S and 1/1 P/P.
Contrast chest computed tomography (CT) showed tree-in-bud patterns,
reticulogranular patterns, small nodules, and fibrosis. Brain CT was normal.
GeneXpert sputum confirmed Mycobacterium tuberculosis (MTB), and
bronchoalveolar lavage (BAL) spectrophotometric detected 38.90 ppm silica. He was
diagnosed with amphetamine intoxication, benign prostatic hyperplasia, and
silicotuberculosis. Haloperidol, tamsulosin, and anti-TB therapy were administered,
while silicosis had no specific treatment. He was advised to change job to reduce silica
exposure and planned to receive housing renovation assistance from the Health Office
of Surabaya. The patient was declared cured after completing six months of TB
treatment.

Conclusion: The host factors included nutritional status, comorbidity, and personal
habits; the agent factor was MTB; and the environmental factors included inadequate
ventilation, high housing density, close contact with TB patients, and occupational
conditions. A holistic identification of host, agent, and environmental risk factors is
essential for understanding the development, prevention, and diagnosis of
silicotuberculosis.

INTRODUCTION

occupations such as mining, pottery, stone carving,

Pneumoconiosis encompasses a group of
occupational lung diseases caused by the prolonged
inhalation of specific mineral dust. The global incidence
of pneumoconiosis rose by 66%, from 36,186 cases in
1990 to 60,055 cases in 2017, with silicosis contributing
to 39% of cases.® Silicosis is an occupational lung
disease caused by inhaling crystalline silica or silicon
dioxide (SiO.) dust. It is commonly associated with
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excavation, drilling, tunneling, and sandblasting.? The
2019 Global Burden of Disease (GBD) reported that the
incidence of silicosis was 1.65 cases per 100,000
population annually across 204 nations and regions.®
Tuberculosis (TB) is the predominant
complication of silicosis, presenting a risk factor that is
2.8 to 39 times greater than in individuals without
silicosis.* Tuberculosis infections associated with
silicosis frequently occur among men over 30 years of
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age, smokers, those with compromised health, those
who are human immunodeficiency virus (HIV)-positive,
patients with acute or accelerated silicosis, particularly
in low- and middle-income countries and regions with
high TB prevalence.>®

The epidemiological triad, a fundamental concept
in epidemiology, posits that disease arises from a
disruption in the interaction between three critical
elements: host, agent, and environment.” Risk factors
for silicotuberculosis comprise host factors such as
nutritional status, immunity, socioeconomic status,
comorbidities, and personal habits, including smoking,
alcohol abuse, and drug use; agent factors such as
Mycobacterium tuberculosis (MTB); and environmental
factors such as unhealthy housing conditions, contact
with TB patients, and working conditions.?®'? A
holistic identification of the risk factors is crucial for
understanding the progression, prevention, and
diagnosis of silicotuberculosis. This case report
highlighted silicotuberculosis in an adult male patient
with multiple associated risk factors.

CASE

A 63-year-old man presented to the emergency
department with a sudden decrease in consciousness
since the previous day, accompanied by a headache and
incoherent speech after taking drugs. The drugs were
provided by a close friend, who claimed they were
painkillers. The patient also reported a persistent cough
for two months, low-grade fever, and weight loss.
Additionally, he had a history of incomplete and
infrequent urination over the past two years but had not
sought medical treatment.

He was a smoker, drug abuser, and alcoholic for
the past 30 years. He worked as a construction worker
for 33 years, especially on stone breaking, cement
mixing, and ceramic cutting without personal protective
equipment (PPE). He was of a lower-middle
socioeconomic status. His housing conditions did not
meet the criteria for a healthy house, marked by
inadequate ventilation (one window of 1.2 m? only
4.3% of the floor area) and high housing density (a
single 4 m2 bedroom shared by two individuals).
Furthermore, significant close contact was observed, as
three neighbors living five meters away suffered from
TB, with their treatment status remaining unknown.

Physical examination revealed weak general
condition, somnolence (GCS 4-3-5), and underweight
(body mass index/BMI 18.02 kg/m?). Chest examination
and other neurological findings were within normal
limits. Psychiatric assessment revealed dysphoric
mood/affect, diminished desires, and heightened
psychomotor  activity, including agitation and
aggression. The specific compositions of the drugs
could not be identified due to the unavailability of drug
samples, preventing the forensic team from conducting
a toxicological analysis.

However, urine toxicology was positive for
amphetamines, and the brain computed tomography
(CT) scan was normal, supporting a diagnosis of
decreased consciousness due to amphetamine
intoxication. A chest X-ray showed fibroinfiltrates,
multiple cavities, and reticulogranular patterns, raising
the possibility of concurrent pulmonary TB and silicosis
(Figure  1A). Differential diagnoses included
lymphangitic pulmonary metastasis secondary to
suspected prostate carcinoma. Additional investigations,
such as HIV testing, prostate-specific antigen (PSA),
GeneXpert MTB sputum, high-KV chest X-ray,
abdominal ultrasound, and contrast chest CT scan, were
performed to clarify the diagnoses. Human
immunodeficiency virus tests were non-reactive.
Prostate-specific antigen levels were slightly elevated
(30.06), and abdominal ultrasound indicated prostate
enlargement. These findings ruled out prostate
carcinoma, resulting in a diagnosis of benign prostatic
hyperplasia. GeneXpert sputum confirmed the presence
of MTB.

A high-kV chest X-ray conducted at 125 kV, 320
mA, and 32 ms revealed profusion levels of 1/2 S/S and
1/1 P/P based on the International Labour Organization
(ILO) classification, indicative of silicosis (Figure 1B).
Contrast chest CT scan showed tree-in-bud patterns,
reticulogranular patterns, multiple small nodules, and
fibrosis, effectively excluding pulmonary metastasis
(Figure  2).  Spectrophotometric  analysis  of
bronchoalveolar lavage (BAL) specimens confirmed
silicosis with a silica content of 38.90 ppm SiO.. The
spirometry examination results showed the absence of
obstruction or restriction. These findings confirmed a
diagnosis of silicotuberculosis, hence ruling out the
possibility of pulmonary metastasis.
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Figure 1. A) Chest X-ray in anterior-to-posterior position on the first day of hospitalization; B) a high-kV chest X-ray at
two months following tuberculosis therapy

I |

Figure 2. A) Coronal and B) axial contrast chest computed tomography scan showed tree-in-bud patterns,
reticulogranular patterns, multiple small nodules, and fibrosis

During hospitalization, the patient received
haloperidol, tamsulosin, and anti-TB therapy. His
consciousness improved, and he was discharged with
plans for outpatient follow-up care. The patient was
scheduled for psychotherapy via motivational
interviewing at the mental health clinic due to
amphetamine intoxication. However, he never attended
the session. After six months of TB treatment, the
patient exhibited clinical improvement and was declared
cured. Nonetheless, no specific therapy for silicosis was
available. The patient was advised to change
occupations to minimize silica exposure and was
arranged to receive complimentary housing renovation
assistance from the Health Office of Surabaya.

DISCUSSION

The epidemiological triad states that disease
arises from a disruption in the interaction between three
critical elements: host, agent, and environment.” Risk
factors for silicotuberculosis included host factors such
as nutritional status, comorbidity of silicosis, smoking,
and substance abuse (alcohol and drugs); agent factors
such as MTB; and environmental factors such as
inadequate ventilation, high housing density, close
contact with TB patients, and occupational exposure to
silica dust (Figure 3).

Mycobacterium tuberculosis

Agent

nutritional status,
comorbidities,
smoking habits,
alcohol & drug abuse
Host

ﬁpor house ventilation,
1gh residential density,
close contact with TB
sufferers, work environment

Environtment

Figure 3. The epidemiological triad related to risk factors for silicotuberculosis in this case
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Malnutrition, both micro- and macronutrient
deficiencies, elevates the risk of TB by 6- to 10-fold.
The risk of TB increases by 13.8% with each unit
decrease in BMI. Malnutrition compromises the innate
immune response to MTB, characterized by decreased
secretion of TNF-o, IFN-y, and IL-12, alongside the
suppression of macrophage phagocytosis. Additionally,
it impairs the induction of T-helper type 1 (Th-1) cells
as an adaptive immunological defense against
intracellular infections. Micronutrient deficiencies
further affect the immune response to TB. For instance,
vitamin D insufficiency weakens immunomodulatory
defenses, while deficiencies in zinc and copper reduce
mycobactericidal activity.

Alterations in body composition or compromised
gastrointestinal function resulting from malnutrition can
influence the pharmacokinetics and pharmacodynamics
of anti-TB therapy, leading to treatment failure or
increased toxicity.'® Both active and passive smoking
increase the risk of TB by 1.5- to 2-fold. Cigarette
smoke decreases the quantity, obstructs the movement
of cilia, and increases the production of viscous mucus,
thereby restricting mucociliary clearance. Smoking also
impairs both innate immunity by reducing the
expression of receptors such as toll-like receptor 2
(TLR2) and macrophage receptor with collagenous
structure (MARCO) on alveolar macrophages crucial
for recognizing and phagocytosing MTB and adaptive
immunity, as evidenced by CD4* lymphopenia.®'3

Individuals with an alcohol use disorder face a
2.9-fold higher risk of developing active TB. The
mechanisms include abnormalities in the immune
system, such as mucociliary dysfunction, synthesis of
surfactant and granulocyte macrophage colony-
stimulating factor (GM-CSF) in alveolar epithelial cells,
oxidative stress, and impaired maturation and
phagocytosis of alveolar macrophages due to increased
cytokines such as IL-13 and TGF-B. Alcohol abuse also
disrupts the absorption and metabolism of TB drugs
(isoniazid, rifampicin, and fluoroquinolones), delays
access to healthcare, and causes non-compliance with
treatment. These factors exacerbate the severity and
transmission risk of TB due to social marginalization
and suboptimal treatment outcomes.*?

The patient had a 30-year history of drug use and
presented with amphetamine intoxication. This
diagnosis was supported by symptoms such as
heightened alertness, restlessness, and irritability, which
manifested shortly after the ingestion of drugs, along
with a positive result for amphetamines in urine
toxicology. The diagnostic criteria for amphetamine
intoxication include clinical and physical findings
during or shortly after the use of high doses of
amphetamines or related compounds while excluding
alternative physical or mental disorders. Amphetamines,

as stimulant drugs, enhance central nervous system
activity, resulting in symptoms such as hyper-alertness,
anxiety, and irritability.**'> The risk of active TB
infection among drug users is 5-10% within 2-5 years
post-exposure, accompanied by a 2-fold increase in
smear-positive TB cases. High transmission rates and
disease severity are attributed to social marginalization
and delayed diagnosis because of suppressed cough
reflexes in opioid users and limited health awareness
among cannabis and sedative users.®

The infectious agent MTB is eliminated within
minutes of direct exposure to heat, sunlight, and
ultraviolet (UV) radiation. Mycobacterium tuberculosis
in sputum can survive approximately one week at
temperatures between 30° and 37°C. It can enter a
dormant state in unfavorable conditions and reactivate
in favorable environments. This adaptability is
attributed to its 4.41 Mb genome and 4,009 genes
associated with lipogenesis and lipolysis for bacterial
cell wall synthesis.*5*” Parameters for healthy housing
conditions, including ventilation, occupancy density,
lighting intensity, floor type, humidity levels, and
temperature, influence the risk of pulmonary TB.®

Ventilation facilitates air exchange and allows
the entry of UV rays and sunlight. Adequate ventilation,
at least 10% of the floor area, can eliminate most
bacteria within minutes to two hours. In contrast,
insufficient ventilation reduces lighting and increases
humidity, enabling MTB to survive longer in droplet
nuclei and propagate easily. This significantly raises the
risk of TB by 15-fold.*® A minimum bedroom area of 8
m2 per individual is recommended, as MTB risk
increases 6.42-fold due to high housing density. High
housing density and close contact within a 10-meter
radius facilitate TB transmission and progression.*®

Silicosis is an occupational lung disease caused
by the inhalation, retention, and pulmonary reaction to
crystalline silica or silicon dioxide (SiOz) dust,
characterized by progressive inflammation and
irreversible pulmonary fibrosis. Industries commonly
associated with a high risk of silicosis include mining,
pottery, stone carving, excavation, drilling, tunneling,
and sandblasting.? Exposure to crystalline silica dust
can lead to numerous complications, with
silicotuberculosis being the most prevalent. Due to a
lack of surveillance and inadequate access to health
services, the infection continues to affect exposed
workers, especially in developing countries. The risk of
TB is 2.8- to 39-fold higher in individuals with silicosis
than in healthy populations.* Tuberculosis is most
frequently associated with acute and accelerated types
of silicosis.

The mechanism that increases the susceptibility
of silicosis patients to TB is the harmful effects of silica
on macrophages, which act as the primary defense
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against TB. Respirable silica particles accumulate in the
lower respiratory tract and alveoli, where they are
recognized by MARCO and engulfed by macrophages,
resulting in lysosomal impairment. Damaged particles
generate free radicals, including reactive oxygen species
(ROS) and reactive nitrogen intermediates (RNI), and
release pro-inflammatory cytokines such as TNF-a, IL-
18, IL-lo, and IL-1B. These induce mitochondrial
dysfunction, increased expression of FasL with tumor
necrosis factor (TNF), and accelerated macrophage
death. Silica particles are released into the extracellular
space and phagocytosed by additional macrophages,
which subsequently undergo apoptosis. The impaired
lysosome hinders the degradation of MTB within
macrophages, facilitating intracellular proliferation. The
accelerated macrophage death facilitates the escape of
MTB from macrophages. Moreover, silica promotes the
Th2 response, which inhibits Thl cells, thereby limiting
the management of TB infection and deteriorating the
patient's condition.?

The diagnosis of silicosis is based on the
patient’s occupational history, including current and
past silica exposure (e.g., exposure duration, detailed
job descriptions, technical protective measures, and
measurement of respirable dust using Cumulative Total
Dust/CTD), distinctive radiological findings, and the
exclusion of alternative underlying causes (Figure 4).%*
Silicosis can be classified according to the amount of
inhaled particles and the duration of exposure: (1) acute
silicosis results from high levels of respirable dust over
a period of several months to 5 years with severe and
progressive clinical manifestations; (2) accelerated
silicosis results from heavier exposures over 5 to 10
years and develops more rapidly than chronic silicosis;
and (3) chronic silicosis develops after more than 15 to
20 years of exposure, generally involving low levels of
silica. Simple or classical chronic silicosis is frequently
identified unintentionally, as patients typically show no
symptoms. Conversely, complicated chronic silicosis or
progressive massive fibrosis (PMF) is frequently
associated with various complications.?

Occupational exposure
Standard chest X-ray

!

Normal

l

Silicosis
ruled out

ILO=1/1

l

Are other possibilities clinically ruled out?

HRCT «——— NoO Yes

No <—|\ l
l Indicative R Yes

Differential diagnosis
biopsy

—

|

Silicosis

Figure 4. Diagnostic algorithm for silicosis?

The classic radiographic findings of silicosis on a
high-kV chest X-ray, according to the ILO reading
sheet, include rounded opacities less than 10 mm,
symmetrical (mainly types "g" and "r"), or
linear/irregular opacities located in the upper lung zones
(apical and posterior lobes). A hallmark feature is
"eggshell” calcification of the hilar Iymph nodes,
observed in only 10% of cases. Progressive massive
fibrosis presents as large conglomerate nodules (>10
mm), resulting in lung parenchymal distortions. Acute
silicosis manifests as diffuse interstitial patterns with
infrequent nodular opacities, and air bronchograms may
be detected.?* High-resolution computed tomography
(HRCT) has greater sensitivity than standard chest X-
rays and is applied in clinical or radiological ambiguity

cases.® Chest CT scans show improved visual detail,
especially for complicated silicosis. A definitive
diagnosis is established using mineral dust analysis or
metabolic assessment of samples collected via sputum,
BAL, or, if required, transbronchial or open lung
biopsy.?

The patient worked as a construction worker for
33 vyears without wearing protective masks and
exhibited no symptoms. A reticulogranular pattern on a
standard chest X-ray raised concern for potential
diagnoses, particularly silicosis and pulmonary
metastases from prostate cancer. However, contrast
chest CT scan excluded pulmonary metastases. A high-
kV chest X-ray showed profusion levels of 1/2 S/S
(irregular opacities <1.5 mm with a density of 1/2) and
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1/1 P/P (small rounded opacities <1.5 mm with a
density of 1/1). The spectrophotometric analysis of
BAL revealed a silica content of 38.90 ppm SiO..
Neither HRCT nor biopsy was conducted because the
clinical presentation and high-kV chest X-ray findings
were sufficient for diagnosis. The patient was diagnosed
with simple chronic silicosis based on the clinical
condition, inhaled particle load, and period of exposure.

Chest X-ray progression and smear sputum
examination are the backbones of diagnosing active
pulmonary TB in silicosis patients. Radiological
findings suggestive of silicotuberculosis include
asymmetric nodules or consolidation, effusions,
cavities, and focal or rapid deterioration. Chest CT
scans are conducted when standard chest X-ray and
sputum  examination results are inconclusive.
Bronchoalveolar lavage and biopsies may be performed
when the diagnosis of active TB remains unclear, as
silica fibrosis obstructs the release of tubercle bacilli
into sputum.® The patient, exhibiting chronic symptoms,
close contact with TB patients, and chest CT scan
findings including tree-in-bud and multiple cavities,
along with GeneXpert sputum results showing MTB
detection, was diagnosed with TB complication, namely
silicotuberculosis.

Prevention is the primary strategy in the
management of silicosis. According to the National
Institute for Occupational Safety and Health (NIOSH)
in 1974, the permissible exposure limit for inhalable
crystalline silica is 50 pg/m?®, averaged over a 10-hour
workday. Prolonged exposure to low concentrations
presents a greater risk for silicosis than short-term
exposure to higher concentrations with the same
cumulative dose.? Primary prevention involves
implementing policies to ensure airborne dust
concentrations remain under acceptable exposure
thresholds. Secondary prevention focuses on early
disease detection via health surveillance every one to
three years. Tertiary prevention targets individuals
diagnosed with silicosis to prevent disease progression
and complications.?*

Currently, no effective treatment is available.?
Management  primarily  focuses on  disease
complications and may include symptomatic therapies
such as oxygen supplementation, bronchodilators,
antitussives, and  antibiotics  for infections.
Corticosteroids may be utilized in acute silicosis.
Nevertheless, prolonged treatment elevates the risk of
infection. The efficacy of antifibrotic drugs remains
unclear. Lung transplantation is an option for younger
patients with end-stage silicosis despite relatively low
post-transplant survival rates.?

The management of TB in silicosis presents
unique challenges because of impaired alveolar
macrophage function from silica exposure, reduced drug

penetration in fibrotic nodules, and a 1.55-fold
increased incidence of TB recurrence. Anti-TB therapy
may be extended to eight months to decrease the risk of
recurrence. Prophylactic regimens consist of isoniazid
300 mg/day for 24 weeks, isoniazid 300 mg/day
combined with rifampin 600 mg/day for 12 weeks,
rifampin 600 mg/day for 12 weeks, or weekly
administration of rifapentine with isoniazid for 12
weeks. These regimens can be prescribed to silicosis
patients after excluding active TB and can decrease the
likelihood of developing active TB by 50%.2¢ The
patient received TB treatment for six months due to a
diagnosis of silicosis complicated by active TB.

CONCLUSION

Pneumoconiosis remains a major global
occupational health hazard and illness, with silicosis
being the most common form. The clinical symptoms of
silicosis are typically nonspecific, with most patients
being asymptomatic and commonly diagnosed
accidentally. A comprehensive occupational history,
particularly concerning current and past exposure to
silica, is essential for suspecting a diagnosis of silicosis.
A high-kV chest X-ray, as outlined in the ILO reading
sheet, can be utilized as a diagnostic instrument to
support the diagnosis of silicosis. The presence of silica
confirms the definitive diagnosis via spectrophotometric
analysis in BAL or biopsy specimens.

Tuberculosis is the most frequent complication in
patients with silicosis, as silica impairs the ability of
macrophages to inhibit the growth of MTB. The
epidemiological triad states that disease arises from a
disruption in the interaction between three essential
components: the host, the agent, and the environment.
This highlights the importance of identifying risk
factors for silicotuberculosis to enhance understanding
of disease development, prevention, and diagnosis.

Currently, no validated effective treatment exists
for silicosis. Consequently, prevention is the principal
approach to disease management. As clinicians, our
responsibilities extend beyond treating patients to
educating them, particularly regarding managing several
risk factors, which is crucial for minimizing
complications and delaying disease progression.
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