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The last two decades humanity has experienced three significant out-
breaks of coronaviruses starting from 2002 with SARS-CoV, then MERS-CoV 
(2012) and currently SARS-CoV-2 (COVID-19). Due to the rapid spread from 
Wuhan to all over the globe, the current disease has been characterized as 
pandemic by WHO on 11 March 2020. 

Coronaviruses are positive-stranded RNA viruses, whose genetic analysis 
has revealed that they cluster with the genus Betacoronavirus. All available 
evidence for COVID-19 suggests that SARS-CoV-2 has a zoonotic source 
suggesting an ecological origin in bat populations. The clinical spectrum 
of COVID-19 varies from asymptomatic forms to clinical conditions charac-
terized by respiratory failure that necessitates mechanical ventilation and 
support in an ICU, to multiorgan and systemic manifestations in terms of 
sepsis, septic shock, and multiple organ dysfunction syndromes (MODS). 

The wide-ranging systemic effects of the virus remain a challenge for 
the scientific community in order to identify the specific impact on each 
organ system. Among them, mediastinum is of special interest due to the 
vital organs that houses, even if it is not often reported so far.

The mediastinum is the central compartment of the thoracic cavity 
between the pleural sacs of the lungs. It is typically discussed based on the 
four-compartment model, that divides the mediastinum into the superior, 
anterior, middle, and posterior portions. The mediastinum houses many vital 
structures including the heart and its vessels, esophagus, trachea, thymus 
gland, thoracic duct, lymph nodes of the central chest and essential nerves. 
The mediastinum is also clinically significant due to the variety of physical 
anomalies and pathologies that can occur in this region. Viral infections, have 
been suggested as etiogenic factors in several of mediastinal pathologies.

Among mediastinal structures, there is a strong association between 
SARS-COV2 and the thymus, mediastinal lymph nodes and the heart and 
pericardium. In addition, mediastinum is involved in SARS-COV2 infection 
through serious complications that arise from pulmonary involvement, 
such as spontaneous pneumomediastinum. The impact of COVID-19 in 
the heart and cardiovascular system is an extended and distinct entity that 
would not be discussed.

The thymus gland is a primary lymphoid organ, located in anterior 
mediastinum. It is responsible for generating mature T cells that eventually 
colonize secondary lymphoid organs such as the spleen, lymph nodes and 
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the mucosa associated lymphoid tissue. It is predominantly 
consisted of epithelial cells and lymphocytes. Anatomi-
cally it is consisted of two lobes, which are further divided 
into lobules. Each lobule consists of an outer cortex, oc-
cupied by mature T lymphocytes and an inner medulla, 
occupied by immature lymphocytes. Thymus responses 
to endogenous or exogenous factors are highly sensitive 
and lead to impaired peripheral export of mature cells.

The first theory on the beneficial role of the thymus 
gland regarding SARS-COV-2 infection derives from the 
observation that children have milder symptoms or 
are completely asymptomatic even if they have equal 
chances of becoming infected.1 The resident plasma 
cells of the thymus secrete functional antibodies fixing 
complements, which highly promote the immunity in 
the starting of early age and this has been established 
as a possible explanation.2

In adults, evidence derived from studies performed 
in common viral infections, introduce the beneficial role 
of the thymus gland. The majority of those studies refers 
to HIV infected humans and animal models, due to the 
limited availability of thymus from infected patients, as 
the thymus is difficult to biopsy. 

Pathogens seem to disrupt thymic structure and 
function, and alter T cell selection and export and this 
procedure takes place through local or systemic way. 
Local refers to the direct presence of the pathogen in 
the thymus and systemic to the effects of soluble fac-
tors that are released into the blood stream, involving 
glucocorticoids and other pro-inflammatory mediators.3-6

A common feature observed in a variety of infections 
-mostly viral- is significant atrophy of the thymus regard-
ing both lymphoid and microenvironmental compart-
ments. It particularly concerns cortical lymphocytes, as 
it has been shown in AIDS.7 The pathways through the 
apoptosis takes place are not yet completely understood 
but there is evidence to highlight the involvement of 
glucocorticoid hormone levels in the blood stream and 
TNF-α. It seems that infected cells are phagocyted by 
intrathymic macrophages. 

The microenvironmental compartment of the thymus 
is also affected, particularly in acute infectious diseases, by 
disorganization of the epithelial network and an increase 
in the deposition of extracellular matrix. 

Data from animal model studies has shown that direct 
thymic infections by viruses can alter T-cell selection and 
induce tolerance against invading pathogens and thus 
leading to chronic infections.8,9

The close genetic relations between SARS-CoV-1 and 

SARS-CoV-2 could probably offer significant data on the 
understanding of the involvement of COVID-19 in the 
thymus since SARS-COV-1 has been studied in animal 
models. Coronaviruses investigated in the past, failed to 
replicate in other species rather their hosts. SARS-COV 
family however seems to differ since it is an animal virus 
that infects humans. Subbarao et al after the SARS-COV-1 
spread in 2004, reported high titers of the virus in the respi-
ratory tract of BALB/c infected mice. According to thymus 
gland, no histopathologic changes were observed.10 In 
addition, the knowledge that a metallopeptidase named 
angiotensin-converting enzyme 2 (ACE2) has been iden-
tified as the functional receptor for SARS-CoV, excluded 
the direct infection of the thymus, since thymic cells 
were found negative for ACE2.11 Based on the previous 
data, the indirect involvement of the thymus related to 
systematic effects was suggested. The current knowledge 
on SARS-COV2 comes to introduce new receptors, such 
as CD147, as possible mediators through which the virus 
could enter the thymus gland.12 Another theory, involves 
the transfer of the virus to the thymus through T cells and 
Dendritic cells that circulate from periphery to the thymus 
according to “Trojan Horse” model.13

A significant observational study that was conducted 
in the Intensive Care Unit of the Clinique Ambroise Paré 
(Neuilly, France) comes to bring some light in the involve-
ment of thymus in SARS-COV2 infection by noticing thy-
mus enlargement at CT-scan in adult patients admitted 
for COVID-19 associated SARS. Thymus enlargement was 
more frequent in the COVID-19 group than in control, 
except the elderly, and was associated with more severe 
pulmonary involvement but lower mortality. They also 
concluded that it is related to enhanced thymic func-
tion that is beneficial to COVID-19 induced lymphopenia 
through increased production of T-cell precursors as was 
quantified through PCR TRECS.

Lymphadenopathy refers to the abnormality of lymph 
node size, density, and/or number.14 Computed tomogra-
phy (CT) is the gold standard method for the assessment 
of these features. Frequent causes of lymphadenopathy 
are inflammatory and neoplastic conditions, as well as 
several infections. The most common infections that result 
in thoracic lymphadenopathy are TB, fungal diseases and 
several viruses, including Epstein–Barr virus, Varicella-
Zoster virus and Influenza viruses, which can cause lower 
respiratory tract Infections in adults.

Lymphadenopathy has been established as part of 
protective immunity to a viral infection and is dependent 
on initiating events in a primary immune response to the 
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virus. Dendritic cells present viral antigens and induce na-
ive T cells to proliferate and to become effectors. Hamilton 
et al detected influenza virus in the draining mediastinal 
lymph nodes early after intranasal inoculation, with peak 
virus titers in this tissue measured at 2 days postinfection 
in infected mice.15

Mediastinal lymphadenopathy has already been re-
ported in several SARS-COV-2 infected patients. Large 
systematic reviews on the current published studies, 
which provide a summary of evidence on detection of 
COVID-19 by chest CT, report a prevalence of 3.4% and 
5.4% of lymphadenopathy.16,17 Xavier Valette and col-
leagues reported a high (66%) prevalence of mediastinal 
lymphadenopathy in 15 patients with COVID-19 admitted 
to their intensive care unit (ICU).18 Microbiological samples 
ruled out bacterial or fungal coinfections in all of them. 
Sardanelli et al in a larger cohort study with 410 patients 
with COVID-19, reported 19% prevalence of mediastinal 
lymphadenopathy in CTs at the emergency department 
during admission. In this study, researchers tried to corre-
late lymphadenopathy with worse prognosis, since it was 
reported more frequently in patients with crazy paving 
pattern on CT and in those who died.19 The discrepancy 
among prevalence in those studies (ICU and non) suggests 
the disease severity as a probable explanation.

Spontaneous pneumomediastinum (SPM) is defined 
by the presence of air in the mediastinum without evident 
causes such as traumatic, iatrogenic, organ perforation, 
surgery or gas producing infections. Clinical symptoms 
include chest pain, dyspnea, cough and dysphagia.

The pathophysiology underlying spontaneous pneu-
momediastinum is the presence of a pressure gradient 
between the alveoli and the lung interstitium resulting in 
alveolar rupture and circulation of air through the venous 
sheaths to the mediastinum. Conditions that provoke 
Valsava maneuver such as coughing, sneezing, defecation, 
vomiting and others during extreme respiratory effort, 
marijuana smoking, diabetic ketosis, rapid reduction in 
atmospheric pressure are considered as causing factors.20,21 
Viral pulmonary infections are rarely associated with SPM 
and are mostly detected in influenza.22

To our current knowledge, several cases of spon-
taneous pneumomediastinum have been reported in 
COVID-19 patients with pulmonary involvement.23-25 In 
case of pulmonary infections due to SARS-COV, the virus 
causes breakdown of the alveolar membrane integrity as 
it infects both type I and II pneumocytes and this can be 
one of the mechanism leading to alveolar rupture and 
spontaneous pneumomediastinum.26,27 Thus, spontane-

ous pneumomediastinum is more likely to occur in cases 
of extensive pulmonary lesions on CT, according to the 
severity of alveolar damage.

In conclusion, mediastinum is a field of special interest 
in the effort of the scientific community to collect data on 
the pathophysiology of SARS-COV2. Thymus gland is a ma-
jor lymphoid organ that is required for optimal immunity 
to infection throughout life and not only until puberty, 
as it was thought for several years. The understanding of 
involvement and protective role of thymus gland during 
SARS-COV-2 infection as well as the contribution of medi-
astinal lymph nodes, are of crucial role in research of the 
pathogenesis and organization of strategies and vaccina-
tion against the virus.28 A systematic review of thymus and 
lymphoid tissue virology in combination with the current 
knowledge on SARS-COV-2 pathogenesis could lead to 
useful conclusions in this field. More studies on animal 
models, as well as observational studies on hospitalized 
patients need to be carried in order to export useful data. 

REFERENCES

	 1.	 Wang XF, Yuan J, Zheng YJ et al. Clinical and epidemiological 
characteristics of 34 children with 2019 novel coronavirus 
infection in Shenzhen. Chin J Pediatrics 2020;58:Ε008.

	 2.	 Rehman S, Majeed T, Ansari MA et al. Current scenario of 
COVID-19 in pediatric age group and physiology of immune 
and thymus response. Saudi Journal of Biological Sciences 
2020; 2567-73.

	 3.	 Herold MJ, McPherson KG, Reichardt HM. Glucocorticoids in T 
cell apoptosis and function. Cell Mol Life 2006; 63:60–72.

	 4.	 Suzuki H, Motohara M, Miyake A. et al. Intrathymic effect of 
acute pathogenic SHIV infection on T-lineage cells in newborn 
macaques. Microbiol Immunol 2005; 49:667–79.

	 5.	 Savino W, Leite de Moraes MC, Silva Barbosa SD, et al. Is the 
thymus a target organ in infectious diseases? Mem Inst Oswaldo 
Cruz 1992; 87:73–8.

	 6.	 Wang D, Muller N, McPherson KG, et al. Glucocorticoids engage 
different signal transduction pathways to induce apoptosis in 
thymocytes and mature T cells. J Immunol 2006; 176:1695–702.

	 7.	 Ho Tsong Fang R, Colantonio AD, Uittenbogaart CH. The role of 
the thymus in HIV infection: a 10 year perspective. AIDS 2008; 
22:171–84.

	 8.	 Ahmed R, King CC, Oldstone MB. Virus-lymphocyte interaction: 
T cells of the helper subset are infected with lymphocytic cho-
riomeningitis virus during persistent infection in vivo. J Virol 
1987;61:1571–6.

	 9.	 Korostoff JM, Nakada MT, Faas SJ, Blank KJ, Gaulton GN. Neo-
natal exposure to thymotropic gross murine leukemia virus 
induces virus-specific immunologic nonresponsiveness. J Exp 
Med 1990;172:1765–75.

	10.	 Subbarao K, McAuliffe J, Vogel L, et al. Prior infection and passive 
transfer of neutralizing antibody prevent replication of severe 



4 PNEUMON Number 4, Vol. 33, October - December 2020

diastinal lymphadenopathy with COVID-19 prognosis. The 
Lancet. Infectious diseases. 2020; https://doi.org/10.1016/S1473-
3099(20)30521-1.

	20.	 Newcomb AE, Clarke CP. Spontaneous pneumomediastinum. A 
benign curiosity or a significant problem? Chest 2005; 128:3298-
302.

	21.	 Maunder RJ, Pierson DJ, Hudson LD. Subcutaneous and medi-
astinal emphysema: pathophysiology, diagnosis and manage-
ment. Arch Intern Med 1984; 144:1447–53.

	22.	 Udupa S, Hameed T, Kovesi T. Pneumomediastinum and sub-
cutaneous emphysema associated with pandemic (H1N1) 
influenza in three children. CMAJ 2011; 183: 220-2.

	23.	 Zhou C, Gao C, Xie Y, Xu M. COVID-19 with spontaneous pneu-
momediastinum. Lancet Infect Dis 2020; 20:510.

	24.	 Xiaoyu L, Xie Y. 2020. Spontaneous pneumomediastinum 
in COVID-19 pneumonia. RSNA case collections 2020; DOI: 
10.1148/cases.20201299.

	25.	 Kolani S, Houari N, Haloua M, et al. Spontaneous pneumo-
mediastinum occurring in the SARS-COV-2 infection IDCases 
2020;21:e00806.

	26.	 Gralinski LE, Baric RS. Molecular pathology of emerging coro-
navirus infections. J Pathol 2015;235:185–95.

	27.	 Antoniadis A, Pechlivanidou R, Bouros E, Bouros D. Stem cells 
and cocid-19 PNEUMON 2020; 33:1-3.

	28.	 Bouros D. BCG vaccination and Covid-19 protection. PNEUMON 
2020; 33:7-9.

acute respiratory syndrome coronavirus in the respiratory tract 
of mice. J Virol 2004; 78:3572-7.

	11.	 Hamming I, Timens W, Bulthuis ML, et al. Tissue distribution of 
ACE2 protein, the functional receptor for SARS coronavirus. A 
first step in understanding SARS pathogenesis. J Pathol 2004; 
203:631-7.

	12.	 Wang K, Chen W, Zhou YS, et al. SARS-CoV-2 invades host cells 
via a novel route: CD147-spike protein. 2020; BioRxiv doi: https://
doi.org/10.1101/2020.03.14.988345.

	13.	 Nunes-Alves C, Nobrega C, Behar SM, et al. Tolerance has its 
limits: how the thymus copes with infection. Trends Immunol 
2013; 34:502-10.

	14.	 Ferrer R. Lymphadenopathy: differential diagnosis and evalu-
ation. Am Fam Physician 1998; 58:1313-20.

	15.	 Hamilton-Easton AM, Eichelberger M. Microbiology virus-specific 
antigen presentation by different subsets of cells from lung 
and mediastinal lymph node tissues of influenza virus-infected 
mice. Journal of Virology 1995; 69:6359–66.

	16.	 Bao C, Liu X, Zhang H, et al. Coronavirus disease 2019 (COVID-19) 
CT findings: a systematic review and meta-analysis. J Am Coll 
Radiol 2020; 17:701–9. 

	17.	 Zhu J, Zhong Z, Li H, et al. CT imaging features of 4121 patients 
with COVID-19: a meta-analysis. J Med Virol 2020; 92:891–902. 

	 18.	Valette X, du Cheyron D, Goursaud S. Mediastinal lymphad-
enopathy in patients with severe COVID-19. Lancet Infect Dis 
2020; https://doi. org/10.1016/S1473-3099(20)30310-8.

	19.	 Sardanelli F, Cozzi A, Monfardini L, et al. Association of me-


