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Abstract

Objective: The reversed halo sign (RHS) is a rare finding of chest computed tomography (CT) for coronavirus disease-2019 (COVID-19)
pneumonia. This study aimed to examine the frequency and characteristics of RHS in chest CT examinations of patients with reverse
transcription-polymerase chain reaction (RT-PCR)-confirmed COVID-19, to evaluate the relationship between this finding and the clinical
course, and to contribute to the differential diagnosis.

Methods: Chest CT data of 1500 patients who had positive RT-PCR tests for suspected COVID-19 pneumonia between March 16, 2020, and
April 26, 2020, were evaluated retrospectively. This study included 49 patients with RHS. Patients were classified into two groups as the home-
treated group and hospitalized group. The number of RHS; their craniocaudal, lobar, and peripheral-central distribution; morphological
features of the wall structure; change over time; and additional findings were evaluated.

Results: Of the patients with RHS, 27 (55%) were treated at home, while 22 (45%) were treated in the hospital. The number of RHS lesions was
higher in the hospitalized group. Lower zone involvement and predominance were common in both groups. The home-treated group mostly
had oval-shaped lesions (44%), while oval- and round-shaped lesions were common in the hospitalized group (55%). The wall thickness of the
reversed halo ring was greater in the hospitalized group. Incomplete ring morphology was common in both groups. Laboratory examinations
showed a significant difference between the groups in terms of the monocyte counts and C-reactive protein and D-dimer levels (p=0.04,
p=0.002, and p=0.023, respectively).

Conclusion: RHS plays an important role in the differential diagnosis of COVID-19 pneumonia from other diseases based on its characteristic
distribution pattern and morphological features.
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INTRODUCTION

The coronavirus, which emerged in the city of Wuhan in China,
has caused a respiratory tract disease called coronavirus
disease-2019 (COVID-19), and it gained a pandemic status from
the World Health Organization on March 11, 2020 (1). Although
it most frequently presents with signs of lower respiratory tract
infections such as fever, cough, and shortness of breath, clinical
findings vary widely depending on the age of the patients and
comorbid factors (2). Chest computed tomography (CT) plays an

important role in both the diagnosis and follow-up in cases with
suspected COVID-19 pneumonia (3).

In the literature, the typical involvement pattern of the lung
parenchyma has been described as bilateral, multifocal,
peripherally located, predominantly in the lower zone,
irregularly shaped ground-glass opacities, or crazy-paving pattern
characterized by interlobular septal thickening accompanied by
ground-glass pattern and ground-glass opacities accompanied
by consolidations. Cavitating lesions, halo sign, pleural, and
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pericardial effusion, pleural thickening, and lymphadenopathy
are among the findings less frequently reported (4,5).

The reversed halo sign (RHS), also known as the atoll sign and
the fairy ring sign, is a chest CT finding characterized by focal
ground-glass opacity surrounded by a complete or incomplete
ring of consolidation in the lung parenchyma. Although rare,
this finding has been previously reported in the chest CT of
COVID-19 pneumonia cases (6,7).

This study aimed to contribute to the diagnosis of COVID-19
and shed light on the differential diagnosis by examining the
chest CT scans of patients with reverse-transcription-polymerase
chain reaction (RT-PCR)-confirmed COVID-19 and to evaluate
the frequency and characteristics of the RHS in these cases,
the disease stage at which the sign is observed, and the clinical
course of the patients with this sign.

METHODS

The study was approved by the Ethics Review Board of University
of Health Sciences Turkey, Prof. Dr. Cemil Tascioglu City Hospital
(approval no: 48670771-514.10), and written informed consent
was obtained from all participants who were briefed about the
study. The study was conducted in accordance with the principles
of the Declaration of Helsinki.

Patient Selection

Chest CT scans of 1,500 patients with positive RT-PCR tests
performed for suspected COVID-19 pneumonia between March
16, 2020, and April 26, 2020, were retrospectively evaluated.
Forty-nine patients with RHSs on chest CT were included in
the study. Laboratory results such as C-reactive protein (CRP),
D-dimer, lactate dehydrogenase, oxygen saturation (Sp0,), and
lymphocyte, monocyte, and neutrophil counts of the patients
were also evaluated. Patients were divided into two groups
according to the treatment and follow-up protocols, namely,
home-treated and hospitalized groups (service-intensive care
unit follow-up).

CT Protocol and Imaging Evaluation

Chest CT scans were obtained using a Philips Ingenuity 128 Slice
CT machine (Philips, Amsterdam, Netherlands), without the
use of an intravenous contrast agent. Scans were completed
in the supine position in a single breath-holding period with
both lungs covering the area from the apices of the lungs to the
costodiaphragmatic sinuses. Chest CT acquisition parameters
included tube voltage of 120 kV, tube current of 200 mAs, pitch
of 1.375, field of view of 512 mm, and section thickness of 1.25
mm. The number of RHSs and their localization according to the
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lung lobes and central/peripheral localization, morphological
findings such as regularity/irregularity of the wall structure and
wall thickness, complete/incomplete ring structure, nodular/
reticular structure, their change over time, other patterns
of COVID-19 pneumonia, and additional findings such as
lymphadenopathy and pleural effusion were evaluated in the
study. Images were evaluated separately by two radiologists
experienced in thoracic radiology, and a decision was made with
consensus.

Statistical Analysis

Statistical analyses were performed using SPSS version 22.0 statistical
software IBM SPSS Statistics for Windows, version XX (IBM Corp.,
Armonk, N.Y., USA). The relationship between categorical data was
evaluated using the chi-square test. The compliance of the data to
normal distribution was determined by the Kolmogorov-Smirnov
test. Student’s t-test was used for the comparison of the means of
two independent groups that follow a normal distribution, while
the Mann-Whitney U test was used for data that deviated from the
normal distribution. For the evaluation of relationships between
continuous data, the Pearson’s correlation test was used for data
with normal distribution, while the Spearman correlation test was
used for data that deviated from the normal distribution. The
results are assumed to be statistically significant when p value is
less than 0.05.

RESULTS

A total of 49 patients [20 (41%) were female and 29 (59%) were
male] were included in this study. Of these patients, 27 (55%)
were treated at home, while 22 (45%) were hospitalized. The
mean age of all patients was 46.06+14.1 years. The mean age
of the hospitalized group was 55.6+14.2 years, while that of the
home-treated group was 38.8+9 years. The mean hospitalization
period was 13.9+12.7 days [range: (2, 58) days]. Regarding
additional diseases in both groups, 26 (53%) patients had no
additional disease, four (8%) had hypertension, and three (6%)
had both diabetes and hypertension. The remaining patients
had other diseases such as hypothyroidism, epilepsy, chronic
renal failure, asthma, and cardiovascular disease.

Table 1 shows the symptoms, SpO,, lactate dehydrogenase
level, CRP level, and neutrophil, lymphocyte, and monocyte
counts upon admission. Cough was the most common symptom
in the home-treated and hospitalized groups (70% and 60%,
respectively). Regarding symptoms, a significant difference
was found only in the presence of dyspnea (p=0.02), with
unsurprisingly higher frequency in the hospitalized group.
Symptoms such as sore throat, loss of appetite, abdominal pain,
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and diarrhea were not detected at the first admission in any of
the patients in the home-treated group. In addition, cough and
fatigue symptoms at the first admission were more common in
the home-treated group, but the difference was not significant
(p>0.05). SpO, was lower in the hospitalized group than in the
home-treated group, but the difference was not significant
(p>0.05). The difference between the laboratory test results
of the groups in terms of the CRP level, D-dimer level, and
monocyte count was significant (p=0.002, p=0.023, and p=0.04,
respectively).

The localization and morphological characteristics of the RHS
are given in Table 2. The frequency of the RHSs was higher in
the hospitalized group than in the home-treated group [95%
confidence interval (Cl) 3.77-9.63; 3.16-5.64, respectively]. In
regards to craniocaudal distribution, involvement of the lower
zone was more common than involvement of the other zones
in both groups. In addition, no significant difference was
found between the two groups in terms of the craniocaudal
distribution (p>0.05). The bilateral incidence rate of the disease
was high in both groups. Regarding the lobar distribution of
the disease, involvement of the lower lobes of the right and

left lungs (82% and 78%, respectively) was more frequent in all
patients. In the morphological examination of the reversed halo
lesion, the lesion was most frequently oval-shaped in the home-
treated group (44%), while lesions were oval and round in the
hospitalized group (55%). Considering the ring structure of the
RHS, the wall thickness was greater in the hospitalized group;
however, the difference was not significant (p>0.05). Incomplete
ring morphology of the lesion was common in both groups.

The 95% Cls for all variables of interest are presented in Table 1
and 2. An appreciable overlap was found in the Cls (e.g., cough,
fatigue, and Sp0,) of the corresponding variables in both groups
when the results are not significant (i.e., p>0.05). These intervals
are mostly disjoint (e.g., dyspnea, CRP, D-dimer, and number
of reversed halo lesions) when the results are significant (i.e.,
p<0.05).

DISCUSSION

The RHS is a rare finding in various diseases and at different
disease stages. In our study, the lesions characterized with the
RHS in COVID-19 pneumonia were mostly peripheral, localized in
the lower lobe, irregularly contoured, oval-shaped, had a central

Table 1. Distribution of symptoms and laboratory markers in both groups of patients with reversed halo signs
Home-treated patients (n=27) | Hospital-treated patients (n=22) | All patients (n=49)
Symptoms Number 95% Cl Number 95% CI Number 95% CI
(proportion) (proportion) (proportion)
Cough 19 (0.70) 0.53-0.88 13 (0.59) 0.39-0.80 32(0.65) 0.52-0.79
Fatigue 10(0.37) 0.19-0.55 7(0.32) 0.12-0.51 17(0.35) 0.21-0.48
Fever 6(0.22) 0.07-0.38 6(0.27) 0.09-0.46 12 (0.24) 0.12-0.37
Sore throat 0(0.0) 0.00-0.00 2(0.09) -0.03-0.21 2(0.04) -0.01-0.10
Dyspnea 3(0.11) -0.01-0.23 7(0.32) 0.12 10 (0.20) 0.09-0.32
Nausea/vomiting 2(0.07) -0.02-0.17 2(0.09) -0.03-0.21 4(0.08) 0.00-0.16
Loss of appetite 0(0.0) 0.00-0.00 2(0.09) -0.03-0.21 2(0.04) -0.01-0.10
Back pain 1(0.04) -0.03-0.11 2(0.09) -0.03-0.21 3(0.06) -0.01-0.13
Abdominal pain 0(0.0) 0.00-0.00 1(0.05) -0.04-0.13 1(0.02) -0.02-0.06
Diarrhea 0(0.0) 0.00-0.00 1(0.05) -0.04-0.13 1(0.02) -0.02-0.06
Asymptomatic 2(0.07) -0.02-0.17 1(0.05) -0.04-0.13 3(0.06) -0.01-0.13
Laboratory findings Mean (SD) 95% Cl Mean (SD) 95% CI Mean (SD) 95% CI
SpO, (%) 96.1(3.1) 94.93-97.27 90.36 (16.9) 83.3-97.42 93.5(11.6) 90.25-96.75
CRP 6.6 (6.5 4.15-9.05 94.9 (79) 61.89-127.91 75.3(78.8) 53.24-97.36
D-dimer 155.5 (6.3) 153.12-157.88 1380.3 (1623.7) | 701.8-2058.8 1263.7 (1583.8) 820.24-1707.16
LDH 214.3 (28) 203.74-224.86 | 245.1 (53.9) 222.58-267.62 | 241.2 (52) 226.64-255.76
Neutrophil 103/uL* 5.5(2.9) 4.41-6.59 48(2.2) 3.88-5.72 5.2 (2.6) 4.47-5.93
Lymphocyte 10°/uL* 1.6(1.3) 1.11-2.09 2.7 (4.2) 0.94-4.46 2129 1.29-2.91
Monocyte 10%/uL* 0.3(0.1) 0.26-0.34 0.5(0.2) 0.42-0.58 0.4(0.2) 0.34-0.46
*Reference values: Neutrophil: 2-7, lymphocyte: 0.8-4, monocyte: 0.12-1.2, 95% Cl are for the symptom proportions and laboratory marker values, **Difference statistically
significant (p<0.05), SpO, (%): Oxygen saturation, SD: Standard deviation, CI: Confidence interval, CRP: C-reactive protein, LDH: Lactate dehydrogenase
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reticular pattern, and had an incomplete ring presentation
(Figure 1). Although the RHS is considered specific for organized
pneumonia, it was detected in approximately 19% of cryptogenic
organized pneumonia cases (Figure 2) (8). In the differential
diagnosis of diseases with this finding, a pleural-based RHS
is predominantly located in the lower lobe (especially in the
costodiaphragmatic angle); the triangular-pyramidal wedge-
shaped configuration suggests pulmonary embolism (Figure 3)
(9); the presence of a nodular pattern in the wall and central
part suggests granulomatous diseases such as tuberculosis and
sarcoidosis (Figure 4) (10); predominant upper lobe involvement,
thick ring structure, and presence of accompanying pleural

This study analyzed two groups of patients with COVID-19
divided according to the follow-up protocol (home vs. hospital).
A significant difference was found in the lung parenchymal
infiltration between the two groups; however, no significant
difference was found in the reversed halo lesion load. In both
groups, the lesion pattern in the lung parenchyma, excluding
the RHS, was most frequently consolidations accompanying
ground-glass opacities, which is in line with the literature. The
frequency of consolidations tends to increase, especially in
patients followed in the hospital and those with severe clinical
and laboratory findings. This may suggest that the situation
may result from the progression of ground-glass opacities to

effusion suggest fungal infections (11).

consolidations.

Table 2. Morphological features, localization, and distribution of the lesion in both groups of patients with reversed halo signs
Home-treated patients Hospital-treated patients All patients
(n=27) (n=22) (n=49)
Number 95% Cl Number 95% CI Number 95% CI
(proportion) (proportion) (proportion)
Craniocaudal distribution
Upper zone 3(0.11) -0.01-0.23 4(0.18) 0.02-0.34 7(0.14) 0.04-0.24
Middle zone 7(0.26) 0.09-0.42 3(0.14) -0.01-0.28 10 (0.20) 0.09-0.32
Lower zone 13(0.48) 0.29-0.67 9(0.41) 0.20-0.61 22 (0.45) 0.31-0.59
Diffuse involvement 4(0.15) 0.01-0.28 6(0.27) 0.09-0.46 10 (0.20) 0.09-0.32
Laterality
Unilateral 3(0.11) -0.01-0.23 2(0.09) -0.03-0.21 5(0.10) 0.02-0.19
Bilateral 24 (0.89) 0.77-1.01 20(0.91) 0.79-1.03 44 (0.90) 0.81-0.98
Lobar distribution
RUL 14 (0.52) 0.33-0.71 14 (0.64) 0.44-0.84 28 (0.57) 0.43-0.71
RML 3(0.11) -0.01-0.23 7(0.32) 0.12-0.51 10 (0.20) 0.09-0.32
RLL 21(0.78) 0.62-0.93 19 (0.86) 0.72-1.01 40 (0.82) 0.71-0.92
LUL 8(0.30) 0.12-0.47 10 (0.45) 0.25-0.66 18(0.37) 0.23-0.50
LLL 19 (0.70) 0.53-0.88 19 (0.86) 0.72-1.01 38(0.78) 0.66-0.89
Lesion morphology
Shape
Round 6(0.22) 0.07-0.38 6(0.27) 0.09-0.46 12(0.24) 0.12-0.37
Oval 12 (0.44) 0.26-0.63 4(0.18) 0.02-0.34 16 (0.33) 0.20-0.46
Round and oval 9(0.33) 0.16-0.51 12(0.55) 0.34-0.75 21(0.43) 0.29-0.57
Ring structure
Incomplete 16 (0.59) 0.41-0.78 9(0.41) 0.20-0.61 25(0.51) 0.37-0.65
Complete 6(0.22) 0.07-0.38 4(0.18) 0.02-0.34 10 (0.20) 0.09-0.32
Incomplete and complete 5(0.19) 0.04-0.33 9(0.41) 0.20-0.61 14 (0.29) 0.16-0.41
Mean (SD) 95% CI Mean (SD) 95% CI Mean (SD) 95% Cl
Number of reversed halo lesions 4.4 (3.3) 3.16-5.64 6.7 (7) 3.77-9.63 5.4 (4.4) 4.17-6.63
Lesion wall thickness 4.1(1.6) 3.50-4.70 42(12.4) 3.20-5.20 42(2) 3.64-4.76
95% Cl are for the symptom proportions and laboratory marker values, SD: Standard deviation, CI: Confidence interval, RUL: Right upper lobe, RML: Right middle lobe, RLL: Right
lower lobe, LUL: Left upper lobe, LLL: Left lower lobe
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Figure 1. Cases with findings of COVID-19 pneumonia on chest CT with positive reverse-transcription-polymerase chain reaction results. Chest CT
images of a 68-year-old male patient reveal peripherally located ground-glass opacity areas and multiple reversed halo signs of different sizes (A-C).
Other patients demonstrated lesions characterized with the reversed halo sign in the superior segment of the right lung lower lobe (D), multiple
lesions with peripheral localization in the bilateral lung parenchyma (E), and bilateral millimetric lesions with faint contours in the lower lobes (F)
CT: Computed tomography, COVID-19: Coronavirus disease-2019
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Figure 2. Axial (A) chest computed tomography in a patient with cryptogenic organized pneumonia shows a reversed halo sign in the posterior
segment of the lower lobe of the right lung, with an adjacent irregularly contoured patchy area of consolidation, which is more clearly distinguished
in the coronal (B) and sagittal (C) planes
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According to our findings, incomplete morphology was observed
in the RHS of the home-treated group; in other words, the
ground-glass component was dominant over the consolidated
wall. In the hospitalized group, a more heterogeneous pattern
was observed with complete and incomplete morphology seen
together. The wall thickness of the reversed halo lesion was
significantly higher in the hospitalized group than in the home-
treated group. These findings may suggest that the RHS was

seen in earlier stages of COVID-19 and the lesions progressed to

consolidations afterwards. Moreover, in our study, no additional
disease was found in 26 (53%) patients with the RHS, mainly in
the home-treated group. This may indicate the occurrence of the
RHS in patients with less comorbidity.

The clinical course of COVID-19 pneumonia is quite variable;
individuals may have no symptoms or have mild flu-like
symptoms, and some may have an extremely poor prognosis.
The inflammatory cascade triggered by COVID-19 infection,
cytokine release, and activation of the coagulation cascade are

Figure 3. Axial (A) and coronal (C) chest CT sections revealed a pleural-based, triangular-shaped reversed halo sign (circled) in the lateral segment
of the middle lobe of the right lung consistent with pulmonary infarction. Mediastinal window coronal (B) and sagittal (D) sections of pulmonary CT
angiography show clot formation extending from the right descending interlobar artery to the middle lobe lateral segmentary branch (arrow)

CT: Computed tomography

Figure 4. Axial chest computed tomography scans of a 38-year-old patient diagnosed with sarcoidosis reveal multiple millimetric nodules with faint
contours, adjacent faint ground-glass opacities, and focal subpleural fibrotic changes in the right lung upper lobe (A) and reversed halo sign with
nodularity on the wall and in the central region in the right lung lower lobe and millimetric centrilobular nodules on both lung lower lobes (B)

266



Eur Arch Med Res 2021;37(4):261-7

Giirbiiz et al. Reversed Halo Sign in COVID-19 Pneumonia

the mechanisms held responsible for a poor prognosis (12).
In addition, the use of risk classifications based on comorbid
factors and laboratory markers have been recommended to
predict the clinical course of the disease (12-15). The levels of
CRP, which indicate hyperinflammation in critically affected
cases, procalcitonin, D-dimer, and ferritin are increased in some
cases (16-18). In this study, a significant difference was found in
the CRP level, D-dimer level, and monocyte count between the
home-treated group and hospitalized group. Our findings also
indicate a positive correlation between these laboratory markers
and the lesion load characterized by the RHS. In this respect,
the RHS detected in CT examination, which is frequently used
in diagnosis, may contribute to the prediction of prognosis in
these cases.

CONCLUSION

The RHS plays an important role in the differential diagnosis
of COVID-19 pneumonia from other diseases based on its
characteristic distribution pattern and morphological features.
In addition, studies with larger patient groups are needed to
evaluate whether this rare radiological finding can be used as a
prognostic factor.
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