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ARTICLE INFO ABSTRACT

Keywords: Reversed halo sign (RHS) is a radiological feature described as a focal, rounded area of ground-

Reversed halo sign glass opacity surrounded by a ring of consolidation. In this report we describe two unique radio-

Tuberculosis logical cases demonstrating diffuse bilateral infiltrates with multiple RHSs in chest CT scans. Both

:{ifca ) patients were ultimately diagnosed as having tuberculosis (TB) and had been exposed to silica in
111COS1S

the past. This report presents for the first time an association between silica exposure and RHS on
CT scans among TB patients. It highlights the importance of having a high index of suspicion for
TB in similar scenarios.
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Abbreviations

Al Aluminum

BAL- Bronchoalveolar lavage

C Carbon

CT Computed tomography
CVA Cerebrovascular accident
GGO Ground-glass opacity

K Potassium

NSCLC Non-Small Cell Lung Cancer
(0] Oxygen

RHS Reversed halo sign

RUL- Right upper lobe

S Sulfur

SEM Scanning Electron Microscopy
Si Silicon
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TB Tuberculosis
TBB Trans bronchial lung biopsy

1. Introduction

Reversed halo sign (RHS) is a radiological feature on computed tomography (CT) scans, described as a focal, rounded area of
ground-glass opacity (GGO) surrounded by a more or less complete ring of consolidation [1]. This sign has a broad differential diag-
nosis including various infections and noninfectious etiologies, with the most frequent etiology being an organizing pneumonia.

Here we describe two patients presented with different clinical symptoms who subsequently were diagnosed with tuberculosis
(TB). Both had no significant findings on physical examination or laboratory tests, however, their CT scans demonstrated diffuse bilat-
eral infiltrates with multiple RHSs.

2. Cases presentation

2.1. Patient number 1

A 65-year-old male presented to the emergency department with complaints of severe weakness resulting in recurrent falls and
weight loss of 8 kg for the past 6 months. In addition, he complained of chronic purulent cough for the past two years. Dyspnea, fever
and night sweats were ruled out by the patient.

The patient's medical history included hypertension and a single episode of cerebrovascular accident (CVA). He was a heavy
smoker (100 pack years), worked as a tile installer and had been exposed to silica. Additionally, domestic exposure to birds was docu-
mented.

Three years prior to his admission, he was diagnosed with early stage non-small cell lung cancer (NSCLC) and underwent right up-
per lobe (RUL) apical segment resection, without neoadjuvant or adjuvant therapy.

Upon his admission, the patient was severely cachectic. His vital signs were within normal limits with oxygen saturation (Sp0O2)
94 % on room air. No pathological findings were documented on physical examination.

Laboratory tests demonstrated mild normocytic anemia (Hb 12.5 mg/dl) and mild thrombocytosis (396K). Leukocyte count, arter-
ial blood gas, liver and kidney function tests were within normal limits.

Chest X-ray revealed patchy infiltrates located at the upper and middle lobes with sparing of the lower lobes. CT scan demon-
strated interstitial infiltrates with GGO in both lungs with relative sparing of subpleural regions and lower lobes. Additionally, multi-
ple small RHS were observed in the same areas (Fig. 1a—c). A small cavitation of 1.4 cm was identified in the RUL.

Of note, the patient performed annual CT scans starting 5 years prior to the patient admission due to his smoking and cancer his-
tory. A revision of these previous CT scans demonstrated focal infiltrates with cluster sign pattern located at the left upper lobe under-
going a gradual expansion over the years until most of the lung parenchyma was bilaterally involved. No RHS was documented in
these past CT scans.

Fig. 1. Radiological and histopathological findings of patient number 1. Axial (a,b) and coronal (c) chest CT planes show rounded areas of ground-glass opacities sur-
rounded by a complete ring of consolidation (reversed halo signs, arrows). No lymphadenopathy is seen. (d) An H&E stained section of trans bronchial lung biopsy
taken from the right upper lobe of patient number 1-showing a chronic inflammation composed of lymphocytes and macrophages forming necrotizing and non-
necrotizing granulomas are seen, compatible with the diagnosis of TB.
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Trans bronchial lung biopsy (TBB) and bronchoalveolar lavage (BAL) were performed from the posterior segment of the RUL. PCR
and microbiology cultures were positive for Mycobacterium tuberculosis. Biopsy demonstrated chronic inflammation with necrotizing
and non-necrotizing granulomas (Fig. 1d). Ziehl-Neelsen staining for Mycobacteria was positive. Upon diagnosis, anti tuberculosis
was rapidly initiated. During his hospitalization, the patient rapidly deteriorated due to septic shock. Eventually the patient suc-
cumbed to his disease 5 days following the diagnosis.

2.2. Patient number 2

A 58-year-old male referred to the pulmonary clinic, complaining of chronic purulent cough and exertional dyspnea for the last
few months. The patient was a heavy smoker (57 pack years) and as a construction worker, he was exposed to silica through sand-
blasting and artificial stone cutting.

Physical examination and laboratory investigations were within normal limits. CT scan demonstrated bilateral RHS at the upper
lobes and the upper segments of the lower lobes. The basal segments of the lower lobes and the subpleural areas were spared. No sig-
nificant lymphadenopathy was documented (Fig. 2a and b). Cryo trans bronchial lung biopsy (Cryo TBB) was performed from the an-
terior segment of the RUL. Biopsy demonstrated fragments of bronchial and alveolar parenchyma with no granulomas. Ziehl-Neelsen
staining was negative. However, PCR for Mycobacterium tuberculosis complex was positive. Treatment for tuberculosis was initiated. As
part of occupational workup, the sample was also analyzed by Scanning Electron Microscopy (SEM) that revealed silica rich particles,
some of which were mixed with Aluminum and Titanium. (Fig. 3).

A following CT conducted five months following the first CT scan and two months following treatment starting point demon-
strated multiple cavitations and consolidations. Additional micronodules were identified in both upper lobes. An additional CT scan
performed two months later demonstrated a mild radiological improvement evident by a reduction in micronodule numbers and cavi-
tations’ shrinkage (Fig. 2c¢ and d). The patient was followed for nine months and was clinically improved.

3. Discussion

TB is an infectious disease caused by Mycobacterium tuberculosis and is a leading cause of death worldwide, according to the World
Health Organization (WHO) [2].

In 2022, 7.5 million people were diagnosed with new episodes of TB (defined as both new and relapse cases) worldwide. Of these,
83 % had pulmonary TB and 17 % had extrapulmonary TB. Radiological imaging is a key modality during the diagnosis of pulmonary
TB. Active pulmonary TB is usually characterized by either heterogeneous consolidations, cavitations or bronchogenic spread known
as a “tree-in-bud” pattern on CT scans [3]. Other radiological features of TB are less common and are associated with other pulmonary
diseases. One of these features is the RHS. RHS has been previously described in infectious diseases, malignancies and inflammatory
diseases. The differential diagnoses of RHS are summarized in Table 1 [4-6].

Several case reports and small retrospective studies have reported RHS in CT scans of TB patients [7,8]. Patients clinical and radio-
logical characteristic that were available are summarized in Table 2.

The incidence of RHS among active pulmonary TB patients was as high as 17 % in one case series [7]. RHS in pulmonary TB is
characterized by a nodular pattern, composed of small nodules located within the surrounding ring and inside the reversed halo, most

|

Fig. 2. Chest CT scans of patient number 2. Axial (a) and coronal (b) planes show rounded areas of ground-glass opacities surrounded by a complete ring of consolida-
tion (reversed halo signs, arrows) in the upper lobes. No lymphadenopathy is seen.

A follow up HRCT scan, two months following the treatment starting point. Multiple cavitations, cluster signs (c) and RHS (d) are present in both upper lobes, however
more prominent on the right.



S. Rakedzon et al. Respiratory Medicine Case Reports 51 (2024) 102088

2.5+

2.0

Counts[x1.E+3]

Au
LAy AU Aul g
0.0 I [ ——— o i
2.00 4.00 6.00 8.00 10.00  12.00 14.00

Fig. 3. Mineral analysis of one of the particles identified in the lung biopsy using the SEM (Scanning Electron microscope) JCM-6000PLUS. Particles content was deter-
mined using an energy-based spectrometer and a petrographic microscope to identify minerals. This particle contains silicon (Si), Sulfur (S), Aluminum (Al), carbon
(C), oxygen (0), and potassium (K). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 1
The differential diagnoses of Reversed halo sign.

Fungal infections
Mucormycosis
Invasive aspergillosis
Paracoccidioidomycosis
Histoplasmosis
Cryptococcosis
Pneumocystis pneumonia
Bacterial infections
Slow-resolving pneumonococcal pneumonia
Chlamydia psittaci
Legionella pneumophila
Viral infections
Coronavirus in the context of COVID-19
Mycobacterial infections
Mycobacterium tuberculosis
Systemic diseases
Granulomatosis with polyangiitis
Sarcoidosis
Eosinophilic granulomatosis with polyangiitis
Dermatomyositis
Neoplastic diseases
Lymphomatoid granulomatosis
Non-small cell lung cancer
Various pulmonary diseases
Cryptogenic organizing pneumoniab
Acute fibrinous and organizing pneumonia
Iatrogenic
Radiofrequency/microwave ablation of pulmonary malignancies
Radiation pneumonitis
Miscellaneous
Lipoid pneumonia
Pulmonary thromboembolism

probably representing small clusters of granulomas. Interestingly, the micronodular pattern of RHS was not observed in cases of orga-
nizing pneumonia [8]. The differential diagnosis for nodular RHS include various granulomatous diseases such as sarcoidosis or lym-
phomatoid granulomatosis that were ruled out in our cases [9,10].

Compared to previous reports, in which most patients had a solitary RHS or a small amount of RHS foci [8], in our cases multiple
RHS were observed. Furthermore, additional radiological signs supporting the diagnosis of TB (such as consolidations, cavitations or
lymphadenopathy) were absent [3]. These unusual radiological characteristics shed light on the wide spectrum of TB radiological pat-
terns. Although it made the diagnosis of TB challenging in our cases, it stresses the importance of considering the diagnosis of TB in
similar scenarios with RHS on imaging.
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Table 2
TB Patients” with RHS clinical and radiological characteristic.

Cases Age Gender Number of RHS Nodular RHS Other CT findings Documented exposure  Smoking history
Patient number 1 1 65 M >5 Yes - clusters of small nodules Silica Smoker
- GGO
- small cavitation
Patient number 2 2 58 M >5 Yes - small nodules Silica Smoker
Marchiori et al. [13] 3 32 F >5 Yes - consolidations None Smoker
- cavitations

small nodules

bronchial wall

- thickening
Martini et al. [7] 4 36 M 1 Yes - N/A N/A Smoker
Martini et al. [7] 5 26 M 5 Yes - N/A N/A Never smoker
Martini et al. [7] 6 80 M 1 Yes - N/A N/A Never smoker
Martini et al. [7] 7 30 M 4 Yes - N/A N/A Never smoker
Martini et al. [7] 8 30 M 2 Yes - N/A N/A Smoker

M- Male, F- Female, RHS- Reversed Halo Sign, GGO- Ground glass opacities.

Interestingly, both patients presented in the current report were previously exposed to silica. However, the radiological spreading
patterns of the nodules were not typical for silicosis and no significant lymphadenopathy was observed. In terms of pathological find-
ings, no silicotic nodules were identified, and no silica crystals were detected under polarized light. Interestingly, however, SEM test
revealed silica rich particles in the biopsy material from the second patient. It is possible that the exposure to silica even without overt
silicosis (in the absence of radiological or pathological findings), may increase the susceptibility to TB infection, as previously re-
ported [11,12]. However, future studies are needed to further support these findings and provide a rational biological explanation for
this phenomenon.

4. Conclusion

In this report we describe two unique cases with silica exposure and unusual clinical and radiological characteristics that were ul-
timately diagnosed as TB. Both shared similar radiological patterns of RHS which are not typical for TB. while lacking common CT
signs supporting the diagnosis of TB, these unique cases emphasize the wide spectrum of radiological findings in TB and demonstrate
the importance of having a high index of suspicion for TB in similar clinical and radiological scenarios, especially in countries with a
low burden of tuberculosis.
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