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ABSTRACT 

Objective: To determine the effect of thymic response to COVID-19 pneumonia on imaging and its impact on disease severity 
and outcome. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Armed Forces Institute of Radiology and Imaging (AFIRI), Rawalpindi Pakistan, from Mar to Jul 
2020. 
Methodology: A total of 1620 COVID-19 patients above the age of 18, of either gender, were included in the study. Their 
findings on High-Resolution CT (HRCT) chest were recorded and graded according to the CT severity score (CTSS) out of a 
total of 40; less than or equal to 19 was taken as mild while >20 scores were considered as severe disease. The thymic response 
was assessed by imaging appearance on CT and was graded from 0-3 as follows: fatty, predominantly fatty, mixed density (fat 
and soft density), and soft density. Fatty replacement implied thymic involution, while soft density depicted a reactivation of 
thymic tissue after a disease process depictive adequate thymic response. 
Results: A significant difference in thymic response was observed in patients of different age groups (p<0.001), with the 
younger age group demonstrating thymic reactivation/ response in the majority (170/244, 69.7%). CT severity score and 
mortality were significantly higher in older patients demonstrating poor thymic response to COVID pneumonia. 
Conclusion: Response of the thymus to acute viral infection by Sars COVID-19 is impaired as age progresses; this accounts for 
greater disease severity, morbidity and mortality in older patients. 
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INTRODUCTION 

Thymus is a lymphatic organ located in the 
anterior mediastinum; it is pivotal in providing 
immunity against diseases. It regulates immune 
response through T cells and enhancement of humoral 
immunity through B cells.1 There is a gradual replace-
ment of thymic tissue as age progresses, with fat 
replacing the parenchyma of the normal thymus. 
Relative sparing in females is postulated to be due to 
encoding an extra X chromosome of proteins that regu-
late the thymic response of the immune system.2 Since 
many factors also affect the prognosis of COVID-19 
patients, this highlights the importance of thymic 
reactivation in COVID-19 pneumonia.3 The decreased 
thymic function represents a reduced number and 
activity of T cells, resulting in a poor immune response 
to viral infections and cancer. This was postulated as 
one possible reason children fared better than adults in 
the pandemic.4,5 

CT remains the first choice of investigation for 

evaluating the thymus due to soft tissue contrast with 
the mediastinal fat.6 However, the increasing role of 
Magnetic Resonance Imaging (MRI) is also being 
established in its radiological assessment. This study 
assessed thymus response according to its appearance 
on CT and its relation to the severity of the disease 
process and mortality in COVID pneumonia. Age-
related involutory changes may explain the poor 
response and increased mortality in the older age 
group the latter acting as an independent prognostic 
factor.7 

The severity of pneumonia was assessed 
according to the CT Severity Score (CTSS), which 
correlates well with the patients' clinical outcome and 
hospital stay.8,9 CTSS was calculated by determining 
the degree of involved lung segments individually- 
scored as one if segmental involvement is less than 
50% or two if it is greater than 50%. The maximum 
score assigned on either side (10 segments each) was 20 
for each lung. Hence the scoring was done out of a 
total score of 40, with a cut-off between mild and 
severe disease being 20.10 In addition, the study 
evaluated thymic response to COVID-19 pneumonia 
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across age groups and its relation to disease severity 
and mortality. 

METHODOLOGY 

The cross-sectional study was conducted at the 
Armed Forces Institute of Radiology and Imaging, 
(AFIRI) Rawalpindi Pakistan, from March to July 2020, 
fea-turing all RT PCR positive patients of COVID 
pneumonia coming to CT department for High-Resol-
ution CT (HRCT) chest (n=1620). Approval for the 
study was taken by Institutional Ethical Review Board 
(Certificate No: 0078). The sample size calculated 
keeping the COVID-positive population of Punjab as 
per the official figures of the Pakistan Government at 
the time of the study.11 

Inclusion Criteria: Rt PCR-positive COVID patients 
aged above 18 years,  of either gender, were included 
in the study. 

Exclusion Criteria: Those patients who were clinically 
suspected of having COVID pneumonia were excluded 
from the study.  

Age, gender and radiological findings of COVID 
pneumonia were recorded. CT was studied for disease 
severity (on lung window) as per CT severity score 
(CTSS). Thymus density was graded (on the 
mediastinal window) into four groups: Grade-0: fatty; 
1: predominantly fatty; 2: mixed fat and soft tissue; and 
Grade-3: soft tissue density.12 The fat density of the 
thymus represented no/minimal thymic response to 

disease, while soft density represented a good res-
ponse. Thymus scoring was correlated with the 
severity of COVID pneumonia in lungs and disease 
outcome; the association of this relationship with 
demographics (age and gender) was also inferred. 
Thymic scoring of patients was performed on the 

mediastinal window of the Chest, while CTSS scoring 
was performed on the lung window. Findings were 
read by three consultant Radiologists having more 
than 10 years of experience. 

Data were analyzed using Statistical Package for 
the social sciences (SPSS) version 23.00 and MS Excel 
2016 software. Mean±SD were calculated for conti-
nuous variables. Frequency and percentage were calc-
ulated for categorical variables. The chi-square test and 
t-test were used. The p-value ≤ 0.05 was considered 
significant. 

RESULTS 

The study included 1620 patients, out of which 
346(21.4%) were females and 1274(78.6%) were males. 
A significant difference in thymic response was obser-
ved in patients of different age groups (p<0.001), with 
the youngest age group (19-30 years) demonstrating 
thymic reactivation/ response in the majority, at n= 
170/244(69.7%). In comparison, only n=9/352 (2.6%) of 
patients older than 61 years demonstrated good thymic 
response. A significant association was also found 
between the severity of the CTSS scores and thymic 
response (p<0.001) with the greater number of patients 
with a mild CTSS (320/1214, 26.4%) having a soft den-
sity thymus, as compared to only (10/406, 2.5%) pa-
tients with a severe CTSS. Mortality was higher (31/ 
40(3.9%)  in patients having a poor thymic response 
(Table). 

DISCUSSION 

Age-related involutory changes reduce the size of 
the thymus with replacement of normal parenchyma 
with fat as seen on CT Chest; hence age plays an 
important part in an individual's response to disease. 
Younger patients in our study fared better than the 

Table: Imaging response of Thymus in COVID Pneumonia and its relation to Patients’ Age, Disease Severity and Mortality 
(n=1620) 

Variables 
Grade-0 
(fatty) 
n(%) 

Grade-I 
(Predominantly Fatty) 

n(%) 

Grade-II 
(Mixed Density) 

n(%) 

Grade-III  
(Soft Density) 

n(%) 
p-value 

Age 

19-30 years 18(2.3) 12(4.6) 44(18.9) 170(51.5) 

<0.001 
31-45 years 163(20.5) 93(35.5) 96(41.2) 127(38.5) 

46-60 years 338(42.5) 96(41.2) 75(32.2) 24(7.3) 

>61 years 276(34.7) 49(18.7) 18(7.7) 9(2.7) 

CTSS 

Mild  468(58.9) 214(81.7) 212(91) 320(97) 
<0.001 

Severe 327(41.1) 48(18.3) 21(9) 10(3) 

Mortality 

Survived 764(96.1) 259(98.9) 228(97.9) 329(99.7) 
0.002 

Expired 31(3.9) 3(1.1) 5(2.1) 1(0.3) 
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older population in response to COVID pneumonia, 
both in severity and mortality (Figures-1 and 2). This 
fact is also supported by researchers who studied the 
dynamics behind the difference between the adult and 
paediatric response to COVID-19 pneumonia world-
wide, considering age-related thymic-mediated im-
mune response as a major factor.12,13 Another study has 
compared the mortality rates across different age 
groups, from nil to a minimum of 1-19 years.14 

 

 
                     (a)                                                                   (b) 

 

Figure-1: Thymic Score of 0 (Fat Replacement of Thymus in 
Anterior Mediastinum) in a 56-year-old patient of COVID 
Pneumonia (CTSS 18/40) -(a) Mediastinal Window (b) Lung 
Window  

 

 
                        (a)                                                            (b) 

Figure-2: Thymic Score of 3 (Soft Density Thymus in Anterior 
Mediastinum) in a 29-year-old female with COVID 
Pneumonia (CTSS 2/40)- (a) Mediastinal Window (b) Lung 
Window  

 

In healthy patients, females were found to have 
delayed involution of thymic tissue compared to males 
in the younger age group (20-30 years), although this 
was not consistent through all age groups.15 Our study 
revealed no significant difference between gender as 
per imaging criteria, while age remained one of the 
significant differentiating features in thymic response. 
A study conducted on intensive care patients of 
COVID found that patients suffering from advanced 
pneumonia developed radiological enlargement of the 

thymus representing its reactivation with subsequent 
better prognosis and disease progression.16 In our 
patients, we found that the greater the age and severity 
of the disease, the lesser the thymic response and 
hence the higher mortality (Figure-3). Patients with 
raised Interleukin (IL-6) and C-Reactive Proteins (CRP) 
were found to have poor thymic function supporting 
our findings since these inflammatory markers are 
elevated in COVID pneumonia.17 Since a dysfunctional 
thymus associated with a reduction in protective effect 
is postulated to be an aggravating factor in chronic and 
acute infective diseases in the elderly, research is in 
progress to rejuvenate age-related thymic immune 
response as a defence against COVID with an attempt 
to enhance the response of the elderly to COVID 
vaccination. No direct effect of SARS COV-19 virus on 
thymic tissue, including the thymocytes or thymic 
epithelial cells, has been reported so far.18 

 

 
Figure-3: Mortality in association with Thymic Response 
imaging pattern: Majority of expired Patients showing Fatty 
Replacement of Thymus Tissue -Grade  

 

This study describes the radiological response of 
the thymus inferring its functionality, in a large group 
of adult COVID patients (n=1620). The limitation of 
this study was that quantification of thymic function 
was not done through blood samples; the thymic 
response was assessed solely upon radiological scoring 
of the thymus on the CT chest. 

CONCLUSION 

Thymic response, as depicted by the radiological 
appearance on the CT chest, is poor in elderly patients 
compared to younger patients of COVID pneumonia, with 
the resultant increase in severity of the disease and mortality 
in this age group. 
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