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Thymic Dysfunction and Atrophy in
COVID-19 Disease Complicated by
Inflammation, Malnutrition and Cachexia

Kate Chander Chiang1, Kamyar Kalantar-Zadeh2

and Ajay Gupta1,2

Abstract
Background: The current COVID-19 pandemic has put millions of people, especially children at risk of protein-energy

malnutrition (PEM) by pushing them into poverty and disrupting the global food supply chain. The thymus is severely

affected by nutritional deficiencies and is known as a barometer of malnutrition. Aim: The present commentary provides

a novel perspective on the role of malnutrition-induced thymic dysfunction, involution and atrophy on the risk and sever-

ity of disease in children during the COVID-19 pandemic. Methods: A review of pertinent indexed literature including

studies examining the effects of malnutrition on the thymus and immune dysfunction in COVID-19. Results: Protein-
energy malnutrition and micronutrient deficiencies of zinc, iron and vitamin A are known to promote thymic dysfunction

and thymocyte loss in children. Malnutrition- and infection-induced thymic atrophy and immune dysfunction may increase

the risk of first, progression of COVID-19 disease to more severe forms including development of multisystem inflam-

matory syndrome in children (MIS-C); second, slow the recovery from COVID-19 disease; and third, increase the risk of

other infections. Furthermore, malnourished children may be at increased risk of contracting SARS-CoV-2 infection due

to socioeconomic conditions that promote viral transmission amongst contacts and create barriers to vaccination.

Conclusion: National governments and international organizations including WHO, World Food Program, and

UNICEF should institute measures to ensure provision of food and micronutrients for children at risk in order to

limit the health impact of the ongoing COVID-19 pandemic.
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What is known?
• Protein-energy and micronutrient deficiencies in chil-

dren induce thymic dysfunction and atrophy leading
to immune suppression.

• During the COVID-19 pandemic, rising poverty and
disruption in global food supply chain promote mal-
nutrition amongst children in developing countries.

What is new?

• Malnutrition associated with the COVID-19 pan-
demic can induce thymic atrophy in children which
may increase the risk of severe COVID-19 disease
and mortality.

• Ensuring adequate food and micronutrient supplies
for children can help limit the impact on thymic
health, and thereby on morbidity and mortality
during this pandemic.

Introduction
The social impact of the COVID-19 pandemic has deva-
stated the lives of millions, especially those from poor
socio-economic background living in low- and
middle-income countries (LMIC). The World Bank
reports that the COVID-19 pandemic has pushed 97
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million people globally into extreme poverty, measured at
the international poverty line at $1.90 a day, while an add-
itional 163 million people are living on less than $5.50 a
day since before the pandemic (World Bank, 2021).
Furthermore, economic recessions especially in
Sub-Saharan Africa (Mahler et al., 2020) and increasing
out-of-pocket health care costs during the pandemic have
contributed to more than half a billion people being
pushed into extreme poverty (WHO, 2021a).

Rising poverty rates and the economic impact from
social distancing, full or partial lockdowns and quarantining
raise the growing concern of malnutrition, especially in
children during the COVID-19 pandemic (Huizar et al.,
2021). UNICEF has reported that the COVID-19 pandemic
has pushed 100 million children into poverty and hunger,
and limited access to healthcare, vaccines and essential ser-
vices for kids (UNICEF, 2021). Poverty rates of those aged
17 and under are estimated to have jumped by 10% since
the start of 2020 and were projected to rise to 20% in a
number of countries (Mahler et al., 2020).

Millions of children globally receive micronutrient
powders comprising iron, vitamin A and zinc at
points-of-use including homes, schools, nurseries and
refugee camps (WHO, 2021b). This pandemic has exacer-
bated child hunger and malnutrition, forcing more than
1.6 billion children out of school in 199 countries,
thereby depriving nearly 370 million children in 150 coun-
tries access to nutritious meals (US Global Leadership
Coalition, 2021). It has been projected that by 2022,
COVID-19 would cause an additional 9.3 million wasted
children, 2.6 million stunted children, 168,000 additional
child-deaths and 2.1 million children born to women with
low body mass index (Osendarp et al., 2020).

Poor hygienic conditions, overcrowding, and lack of
personal protective equipment in LMIC contribute to
higher risk of contracting SARS-CoV-2 infection (unicef,
2020). Therefore, children from a low socio-economic
background are at increased risk of both malnutrition and
exposure to SARS-CoV-2 infection. In a multivariable
random intercept logistic regression model from malnutri-
tion and COVID-19 data in the United States, children
with a history of malnutrition are at increased risk of
severe COVID-19 compared to children without a history
of malnutrition (Kurtz et al., 2021). Malnutrition is
known to induce thymic atrophy and immune dysfunction
in children, possibly contributing to increased risk of mor-
bidity and mortality from COVID-19. In this review we
highlight the potential health risks to socioeconomically
disadvantaged children during the current pandemic and
its implications for the society at large.

A. Protein-energy malnutrition, thymic atrophy and
immune dysfunction
More than 12 million children die every year due to infec-
tions often complicated by concomitant malnutrition and

cachexia (Chevalier et al., 1996). It is well known that mal-
nutrition or protein-energy malnutrition (PEM) compro-
mises the host immune response to infections. PEM and
micronutrient deficiencies during the SARS-CoV-2 pan-
demic can have acute and long-term impact on the
immune system as described hereunder.

Involution and atrophy of the thymus gland is closely
related to pediatric malnutrition, hence the nickname, bar-
ometer of malnutrition (Prentice, 1999). Malnutrition with
deficient intake of proteins, minerals or vitamins leads to
thymic dysfunction, involution and atrophy secondary to
apoptosis and reduced proliferation of thymocytes, particu-
larly immature CD4+CD8+ cells.

PEM associated thymic dysfunction is characterized
by decreased serum thymulin, a nonapeptide produced
by epithelial cells in the thymus involved in T-cell differ-
entiation and enhancement of T and NK cell actions
(Bach et al., 1977; Jambon et al., 1988). A decrease in
thymic thymulin levels occurs in zinc deficiency and
accounts at least partly for the immune dysfunction asso-
ciated with zinc deficiency (Dardenne and Pleau, 1994).
However, PEM-associated thymulin deficiency inde-
pendent of zinc has also been reported in 58 malnour-
ished Senegalese children who died of infection
(Jambon et al., 1988). Malnutrition and wasting inhibits
thymocyte proliferation, and causes massive thymocyte
death, especially the loss of immature CD4+CD8+ thy-
mocytes (Savino et al., 2007). In severely malnourished
Bolivian children, there were a significantly higher pro-
portion of circulating immature T lymphocytes, a lower
proportion of mature T lymphocytes, and severe involu-
tion of the thymus, all of which recovered in two months
with diet rehabilitation (Chevalier et al., 1996). In other
studies, severe thymic atrophy was found in the necrop-
sies of 19 malnourished children and in 18 infants with
marasmus (Lyra et al., 1993; Ruhräh, 1903).

Malnutrition-induced thymic involution is associated
with increased expression of prostaglandin D2 (PGD2) in
the thymus, which leads to polarization of naïve T cells to
a T helper 2 (Th2)-like phenotype and upregulation of
type 2 innate lymphoid cells (ILC2) (Razali et al., 2020;
Wilhelm et al., 2016). ILC2 release of type 2 cytokines
including IL-13 and IL-4 enacts commitment of early
thymic progenitors to the myeloid rather than the T cell
lineage (Barik et al., 2017), and expansion of monocytic
myeloid-derived suppressor cells (MDSC), which play a
role in immunosuppression and lymphocytopenia
(Figure 1) (Arima and Fukuda, 2011; Xue et al., 2005;
Trabanelli et al., 2017). PEM-induced thymic atrophy
leads to lymphocytopenia (Figure 1). In fact, PEM is the
most common cause of lymphocytopenia worldwide
(Long and Vodzak, 2018).

We postulate that SARS-CoV-2 infection of malnour-
ished children with thymic dysfunction increases risk of
progression to severe disease including development of
multisystem inflammatory syndrome in children (MIS-C)
as discussed below.
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B. Malnutrition in children and risk of severe
COVID-19 and MIS-C
Effective control of viral infections requires the host adap-
tive T cell immune response. Though lymphocytosis is con-
sidered a characteristic feature, some viral infections such

as tuberculosis, HIV, viral hepatitis, SARS-CoV, and
most recently SARS-CoV-2 are known to cause lymphocy-
topenia lasting for months and potentially years following
the acute infection (Zhou et al., 2020; Diao et al., 2020;
Warny et al., 2018; He et al., 2005; Herbinger et al.,
2016). Lymphocytopenia is defined as the number of per-
ipheral lymphocytes in the blood totaling under 1000/µL
in adults and 1500/µL in children (Diao et al., 2020;
Davids; Coates).

Lymphocytopenia, a common characteristic feature of
moderate to severe COVID-19, is a determinant of morbid-
ity and mortality. Lymphocytopenia has been observed in
approximately 1/3 of children with COVID-19 (Zhu
et al., 2020; Chang et al., 2020). About 10% of children
with SARS-CoV-2 infection have severe lymphocytopenia
defined as lymphocyte counts <1000/µL, similar to the
prevalence of lymphocytopenia in children with
SARS-CoV 2003 infection (Chang et al., 2020). In a
meta-analysis of 371 children with mild COVID-19, lym-
phocytopenia/leukocytopenia was present in about 30%
(Ding et al., 2020), while about 75% amongst 186 children
with MIS-C had lymphocytopenia (Feldstein et al., 2020).
Therefore, lymphocytopenia seems to correlate with sever-
ity of SARS-CoV-2 infection in children. The acute phase
of MIS-C is characterized by differential T and B cell
subset lymphocytopenia along with elevated levels of
proinflammatory cytokines (Carter et al., 2020). The five-
year observational study called “Long-TerM Outcomes
after the Multisystem Inflammatory Syndrome in
Children: MUSIC” should clarify the cause and effect rela-
tionship between nutrition status, lymphocytopenia and
course/severity of this disease (Study, 2020).

Acute 2003 SARS-CoV infection was associated with
lymphocytopenia which was prolonged for up to two
years in a minority of patients (Li et al., 2006). In approxi-
mately 7–12% of ‘long-haul’ COVID-19 patients (Mandal
et al., 2021; Varghese et al., 2021), lymphocytopenia
appears to persist throughout a 40- to 50-day period
follow-up, despite clinical recovery and gradual normaliza-
tion of IL-6 and IL-8 levels (Zhang et al., 2020). Any pro-
tracted lymphocytopenia in children with COVID-19 may
increase the risk of contracting other infections after recov-
ery from acute COVID-19 (Warny et al., 2018; Li et al.,
2006; Zhou et al., 2020). A longitudinal meta-analysis of
98,344 individuals found to have lymphocytopenia unre-
lated to coronavirus infections had a 1.4-fold increased
risk of hospitalization with infection and a 1.7-fold
increased risk of infection-related death in the general popu-
lation (Warny et al., 2018).

C. Nutritional deficiencies associated with thymic
atrophy
Thymocyte depletion, characterized by loss of immature
CD4+CD8+ cells (Savino, 2002), is a recurrent finding
during both acute and chronic malnutrition, secondary to

Figure 1. Proposed mechanisms of malnutrition- and

SARS-CoV-2 infection-induced thymic atrophy and maladaptive

immune responses: The COVID-19 pandemic has contributed to

increasing protein-energy malnutrition and micronutrient

deficiencies in children. SARS-CoV-2 infection is associated with

an inflammatory lipid mediator storm with a predominance of

arachidonic acid metabolites, notably TxB2 >> PGD2. TxA2/TP

signaling induces thymocyte apoptosis and thymic atrophy. PGD2/

DP2 signaling promotes polarization of the immune response to a

Th2/ILC2 phenotype leading to type 2 inflammation characterized

by elevation in IL-4, IL-5 and IL-13. IL-13 induces expansion of

monocytic myeloid-derived suppressor cells leading to

suppression of T cell responses and lymphocytopenia.

Malnutrition induces premature thymic atrophy which further

promotes maladaptive type 2 immune responses and immune

suppression. TxA2, thromboxane A2; TP, thromboxane

prostanoid receptor; PGD2, prostaglandin D2; DP2, prostaglandin

D2 receptor 2; Th2, T helper 2; ILC2, type 2 innate lymphoid

cells; IL, interleukin; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2; COVID-19, coronavirus disease 2019;

MIS-C, multisystem inflammatory syndrome in children. (created

with BioRender.com).
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diets deficient in protein, vitamins, or metal elements includ-
ing zinc, magnesium and iron as discussed below. (Chandra,
1992; Kuvibidila et al., 1990;Malpuech-Brugère et al., 1999).

Protein-energy malnutrition (PEM). It is well established that
severe forms of PEM lead to immune deficiency which
increases susceptibility to infections, and is associated with
high mortality observed in malnourished subjects, particularly
in the young (Suskind, 1988; Chandra, 1983). A histological
study of the thymuses from 234 fetuses and young children
who died after a short period of acute illness revealed signifi-
cant correlation between acute thymus involution and dur-
ation of acute illness (van Baarlen et al., 1988). Thymus
dysfunction and impaired immunity was characterized by
macrophages in the cortex, increase of interlobular intersti-
tium and lymphodepletion of the cortex (van Baarlen et al.,
1988). Although all compartments of the immune system
may be affected by malnutrition, the effect on cell-mediated
immunity (CMI) is most profound (Parent et al., 1994).

Thymus appears to be a key mediator of PEM-induced
dysfunction in CMI (Chandra, 1979; Haroun, 2018).
Severe thymic atrophy with cortical thymocyte depletion
is a consistent finding in necropsies of malnourished sub-
jects (Chandra, 1992; Lyra et al., 1993). Indeed, by means
of echography, atrophy of the organ was also observed in
vivo in severely malnourished children (Parent et al.,
1994). In a cross-sectional study of 366 children aged
6–59 months with severe acute malnutrition, thymus size
positively correlated with current breastfeeding and
anthropometric measurements, and negatively correlated
with >2 weeks duration of sickness (Nabukeera-Barungi
et al., 2021). PEM-related thymocyte depletion seems to
result from both decreased thymocyte proliferation and
enhanced thymocyte death. Energy-depletion associated
with malnutrition may lead to thymocyte loss due to
high energy requirements for thymocyte generation
(Domínguez-Gerpe and Rey-Méndez, 2003; Harenberg
et al., 2005). Conversely, nutritional rehabilitation restores
thymic health and immunity (Chevalier et al., 1996).

The thymus is the site of T cell differentiation and
maturation by direct cell to cell contact at the level of the epi-
thelial network, and/or through secretion of lymphocyte-
differentiating hormones by epithelial cells (Purtilo and
Connor, 1975; Bach, 1979; Jambon et al., 1981). Thymic
involution in severely malnourished children is associated
with a high degree of T lymphocyte immaturity (Parent
et al., 1994). In vivo, the main disorders are
delayed cutaneous hypersensitivity test responses, depressed
responses to T-specific mitogens, and modifications in circu-
lating T lymphocyte populations (Whitehead, 1981;
McMurray, 1984; Chandra, 1979; Keusch et al., 1987;
Parent et al., 1994). Therefore, PEM-induced thymocyte
depletion and immune dysfunction may increase the risk of
severe disease and MIS-C in children with COVID-19.

Zinc. Zinc is an important micronutrient for supporting
thymic function (Dardenne and Pleau, 1994). Zinc

deficiency causes thymic involution, atrophy, and lympho-
cytopenia, especially in the young (Rytter et al., 2017;
Wong et al., 2009; Golden et al., 1977), occurring in 17%
to 20% of residents of Sub-Sahara Africa and Asia
(Wessells and Brown, 2012).

Zinc converts thymulin into its active form and is
important for thymulin’s biological activity (Dardenne
et al., 1982; Dardenne and Pleau, 1994). Reduced serum
thymulin levels in both zinc deficient mice and humans is
corrected by zinc supplementation (Prasad et al., 1988;
Dardenne and Pleau, 1994) which increases the number
of thymocytes by about 50% (Wong et al., 2009). African
children with severe acute malnutrition and thymic
atrophy exhibit sluggish rates of thymic recovery on nutri-
ent deficient diets (Rytter et al., 2017). Therefore, zinc sup-
plementation in zinc deficient and malnourished children
can promote thymopoiesis and thymic recovery.

Consistent with the above, zinc deficiency results in
impaired host immune response and increases susceptibility
to infection (Fraker et al., 2000; Warny et al., 2018).
Zinc-deficient mice infected with T.musculi infection
exhibited a delay in production of protective antibodies
and harbored >3 times as many parasites as control mice
(Lee et al., 1983; Shankar and Prasad, 1998). This is
likely due to impaired B cell activation from T cell defi-
ciency during thymic atrophy. Therefore, zinc repletion
may be necessary to ensure adequate immune response to
SARS-CoV-2 infection and prevent superinfection
(Figure 1).

Iron. Iron promotes thymic health by binding to transferrin
receptors on thymocytes and promoting thymocyte prolifer-
ation and differentiation (Bowlus, 2003). Iron deficiency
and iron deficiency anemia is present in more than 50%
of children in some Sub-Saharan African countries
(Lemoine and Tounian, 2020), and may contribute to
thymic dysfunction and atrophy. Iron supplementation
can restore immune function and decrease morbidity and
mortality (Lemoine and Tounian, 2020).

Vitamin A. Vitamin A deficiency is common in prolonged
PEM due to poor dietary intake and defective storage and
transport of vitamin A (Version, 2020). Vitamin A defi-
ciency is also endemic in areas such as southern and
eastern Asia, where rice, devoid of β-carotene, is the
staple food (Version, 2020).

Vitamin A is important for normal immune function, and
vitamin A deficiency is associated with profound defects in
adaptive immunity and thereby infections (Green and
Mellanby, 1928; El-Zayat et al., 2018). Hence, vitamin A
has been described as “the anti-infective vitamin” (Green
and Mellanby, 1928; El-Zayat et al., 2018; Wilhelm et al.,
2016).

β-carotene, a precursor for vitamin A, promotes thymus
growth and lymphocyte blastogenesis (Seifter et al., 1981;
Alexander et al., 1985; Chew and Park, 2004). On the
other hand, vitamin A deficiency promotes ILC2s
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expansion with selective IL-13 production via increased
acquisition and utilization of fatty acids (Spencer et al.,
2014; Wilhelm et al., 2016), leading to immunosuppres-
sion. Therefore, vitamin A deficiency is detrimental to
thymic regeneration and adaptive immune responses
(Figure 1). Interestingly, severe COVID-19 is also asso-
ciated with polarization of the immune response from a
Th1 to a Th2 response characterized by increased plasma
type 2 cytokines produced by Th2 and ILC2 cells, including
IL-4, IL-13 and IL-5 (Yang et al., 2020; Lucas et al., 2020;
Perlman, 2020). This raises the possibility that vitamin A
deficiency can further promote the maladaptive immune
response in severe COVID-19.

D. Malnutrition and response to vaccines
Decreased thymic function may impair response to vaccines
and reduce duration of immunity (Al-Sukaiti et al., 2010).
In fact, thymic function may help predict a patient’s
response to vaccines (Kellogg and Equils, 2020), since
CD4+ T cell population correlates with response to vaccin-
ation (Lewin et al., 2002; Roux et al., 2000).

In children with impaired response to vaccination,
thymic health and function should be taken into consider-
ation. Patients with insufficient thymic response may
better respond to high dose or adjuvanted vaccines (Lee
et al., 2018; Tregoning et al., 2018).

E. Viral infections associated with thymic atrophy
Viral, bacterial, parasitic or fungal infections are associated
with pathological thymic atrophy (Luo et al., 2021).
Notably, the thymus is one of the target organs of viruses
(Luo et al., 2021). Infections caused by influenza A and
human immunodeficiency viruses, among others, cause
thymic atrophy via direct or indirect mechanisms (Duan
et al., 2015; Fiume et al., 2015). To our knowledge, there
are no reports documenting the impact of SARS-CoV-2
infection on the thymus. However, thymic atrophy in
COVID-19 disease has been proposed (Lins and
Smaniotto, 2021). Moreover, the COVITHYM case-control
observational study will evaluate the thymic function of
hospitalized COVID-19 patients compared to patients hos-
pitalized for other reasons (ClinicalTrials.gov, 2021).

Coronavirus infections, including SARS-CoV 2003 and
SARS-CoV-2 viruses, are known to cause a robust upregula-
tion in lipid mediators derived from arachidonic acid.
Interestingly, SARS-CoV 2003 infection of mice led to signifi-
cant increase in lung thromboxane A2 (TxA2) in younger com-
pared to older mice (Vijay et al., 2015). Similarly, severe adult
COVID-19 patients hadmarked increases in fatty acid levels as
well as an accompanying inflammatory lipid storm with a pre-
dominance of arachidonic acid metabolites, notably TxB2 >>
PGE2 > PGD2 (Archambault et al., 2021). TxA2 induces apop-
tosis of double-positive thymocytes and actin polymerization
via the thromboxane prostanoid receptor, which is highly
expressed on immature thymocytes (Harenberg et al., 2005).

TxA2 levels in children with COVID-19 remain to be mea-
sured. Therefore, SARS-CoV-2 infection may exacerbate
TxA2 production in malnourished children, thereby promoting
early thymic involution and impaired immunity (Figure 1).

Conclusions
During the COVID-19 pandemic, malnutrition in children
as a result of poverty and disruption in food supply is a
potential cause of thymic dysfunction and atrophy leading
to immune dysfunction (Naja and Hamadeh, 2020). In add-
ition to PEM, several other factors including zinc, iron and
vitamin deficiencies may cause thymic dysfunction or
atrophy in children with malnutrition. Following recovery
from COVID-19, malnutrition-induced thymic dysfunction
and atrophy can predispose children to other respiratory or
gastrointestinal infections. It is critical that governments
and international organizations such as WHO, World
Food Program, and UNICEF take appropriate steps to
ensure adequate food and micronutrient supplies in order
to limit and contain the health impact of this pandemic on
children, especially in low- and middle-income countries.
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Th2 T helper 2
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