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GLOSSARY
ARDS = xxx; BTLA = B- and T-lymphocyte attenuator; CD = cluster of differentiation; COVID-19 = 
coronavirus disease 2019; CTLA-4 = cytotoxic T-lymphocyte antigen 4; H1N1 = hemagglutinin type 
1 and neuraminidase type 1 (influenza strain); HLA = human leukocyte antigen; HLA-B*15:03 = xxx; 
ICU = intensive care unit; MФ = macrophages; MAVS = mitochondrial antiviral signaling; mHLA-
DR = monocytic human leukocyte antigen-DR; PD-1 = programmed death 1; PD-L1 =  programmed 
death 1 ligand; SARS-CoV2 = severe acute respiratory syndrome coronavirus 2; T1DM = type 1 
diabetes mellitus; T2DM = type 2 diabetes mellitus; TH17 = xxx

Despite remarkable progress in understand-
ing the immune response to the severe acute 
respiratory syndrome coronavirus 2 (SARS-

CoV2), optimal management of immune function 
during severe viral infections remains a major issue 
among critically ill patients. In this issue of Anesthesia 
& Analgesia, a clinical study by Spinetti et al1 revealed 
serious concerns about the development of immu-
nosuppression among coronavirus disease 2019 
(COVID-19) patients requiring hospitalization in an 
intensive care unit (ICU). A significant number of 
patients appeared to develop immune dysfunction, as 
evidenced by reduced amounts of monocytic human 
leukocyte antigen-DR (mHLA-DR). A similar obser-
vation has been reported in patients who survive 
severe sepsis or trauma, but later develop life-threat-
ening immunosuppression.2–4

HLA-DR is a class II human leukocyte antigen 
(HLA) expressed on the cell surface of antigen-pre-
senting cells, including monocytes, differentiated 
macrophages and dendritic cells, as well as B cells. 

Since the first description of role of HLA-DR in 
immunosuppression,5 HLA-DR expression on mono-
cytes has been subsequently proven to be a reliable 
marker for evaluating immune dysfunction and risk 
of secondary bacterial infections in sepsis and trauma 
patients.3,6–8 Thus, reduced amounts of HLA-DR can 
also place COVID-19 patients at high risk of second-
ary and severe bacterial nosocomial infections. This 
observation is consistent with a clinical report of 
secondary bacterial infections and end-organ injury 
among COVID-19 patients requiring ICU care.9

A recent examination of HLA variations among 
the world population revealed a significant impact 
of HLAs on the cellular immune response, in particu-
lar, on peptides from coronavirus-infected patients. 
HLA-B*15:03 exhibited the greatest capacity to pres-
ent highly conserved, shared SARS-CoV2 peptides 
to immune cells.10 Subsequent studies have recently 
confirmed that immune dysregulation in COVID-19 
patients with respiratory failure is associated with a 
significant downregulation of monocyte HLA-DR.11

An excessive inflammatory response to SARS-CoV2 
has been thought to be the major cause of disease 
severity and death among patients with COVID-19 
in the ICU setting.12 In this context, exaggerated neu-
trophil and macrophage/monocyte proinflamma-
tory activation may trigger development of immune 
dysfunction, including immune tolerance (defective 
response to bacterial products, eg, lipopolysaccha-
ride) and reduced host immune capacity against bac-
terial infections.13–15 Such inflammatory mechanisms 
can be relevant in the development of immunosup-
pression in sepsis survivors, consistent with reduced 
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HLA-DR expression on monocytes after an initial 
activation of immune cells during sepsis syndrome.

However, recent studies have indicated that 
patients with SARS-CoV2 infection admitted to an 
ICU have significantly lower levels of cytokine pro-
duction, as compared to sepsis-related ARDS.16 
Therefore, such findings dispute a relevance of “cyto-
kine storm” in COVID-19–related development of 
severe respiratory dysfunction and failure. These 
findings also indicate that more research is needed to 
better define the pathophysiology of SARS-CoV2 and 
associated immunosuppression.

Notably, the mechanisms underlying the down-
regulation of HLA-DR in sepsis and trauma are also 
not well understood. Nevertheless, once HLA-DR is 
decreased or deficient, this event upregulates surface 
expression of the negative co-stimulatory molecules 
programmed death 1 (PD-1), cytotoxic T-lymphocyte 
antigen 4 (CTLA-4), B- and T-lymphocyte attenua-
tor (BTLA), and their corresponding ligands, such as 
PD-1 ligand (PD-L1). These actions can compromise 
innate and adaptive immune systems, including clus-
ter of differentiation (CD)8- and anergic CD4-positive 
T cells, and inducing T cell apoptosis. It could be 
speculated if these are relevant immunosuppres-
sive mechanisms associated with severe SARS-CoV2 
infections (Figure). Furthermore, although HLA-DR 
is diminished in monocytes during sepsis and viral 
infection, many other events can trigger immunosup-
pression, including T cell senescence, exhaustion, and 
skewing toward the TH17 phenotype.17

The development of immunosuppression is cer-
tainly linked to host’s maladaptive response to SARS-
CoV2, likely related to preexisting conditions like 
aging, diabetes, and cardiovascular complications.18 
Immunosuppression elicited in anticancer treatments 
and graft transplantations are also significant issues 
leading to infections, including worse outcomes with 
SARS-CoV2 infection.

Several epidemiological studies have shown that 
aging is disproportionally linked to more cases, 
increased severity of organ injury, and mortality 
related to COVID-19.19,20 This is a significant issue 
because aging is characterized by a collective loss 
of immune responsiveness and paradoxically low-
grade chronic inflammation (“inflammaging”).21 
Importantly, although CD14+CD16+ monocytes sig-
nificantly increased with age, but they also displayed 
reduced HLA-DR surface expression in the elderly.22 
It is important to note that a reduced abundance of 
HLA-DR is likely not a sole biological event because 
many hallmarks of aging are coupled with host–
coronavirus interactions in direct and indirect ways, 
including genomic instability, reduced mitochondrial 
function, epigenetic alterations, telomere attrition, and 
impaired autophagy.19 In particular, mitochondrial 
dysfunction and metabolic profile of immune and 
alveolar epithelial cells play a crucial role in bioener-
getic maladaptation in response to viral infections.23 
Mitochondrial antiviral signaling (MAVS) proteins 
can be released/activated upon viral infection, includ-
ing SARS-CoV2. MAVS-mediated apoptosis can be 

Figure. Reduced levels of 
HLA-DR are associated with the 
development of immunosup-
pression, high risk of secondary 
bacterial infections, and end-
organ failure in intensive care 
unit patients with SARS-CoV2. 
ARDS indicates xxx; HLA-DR, 
human leukocyte antigen-DR; 
MФ, macrophages; PD-L1, pro-
grammed death 1 ligand; SARS-
CoV2, severe acute respiratory 
syndrome coronavirus 2.
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suppressed by viral proteins and prevent mitochon-
drial death or apoptosis to limit virus propagation.24 
On the other hand, leukopenia developed in approxi-
mately 70% of hospitalized patients with COVID-19, 
and the mechanism of this cell line death/exhaustion 
remains to be determined.25

Diabetes and obesity are leading causes of the mor-
bidity and mortality associated with viral infection–
related cardiovascular complications. Type 2 diabetes 
mellitus (T2DM) is a serious preexisting metabolic 
syndrome with adverse outcomes in patients with 
hemagglutinin type 1 and neuraminidase type 1 
(influenza strain) (H1N1) influenza and SARS-CoV2 
in ICU.26–29 Diabetes-related hyperglycemia is closely 
linked to the development of acute ketoacidosis and 
other metabolic alteration, as well as chronic low-
grade inflammation.30 A possible impact of T2DM 
on mortality due to viral infections is the abundance 
of glucose that favors virus replication. Diabetes is 
also characterized by innate immunity dysfunction, 
including reduced chemotaxis, phagocytosis, and 
pathogen killing by monocytes and polymorphonu-
clear neutrophils.31 Interestingly, it has been suggested 
that HLA regulates immunoreactive inflammation or 
infection associated with type 2 diabetes. However, 
the role of HLA alleles in pathogenesis of T2DM and 
T1DM, and subsequent complications are less clear, as 
both positive and negative associations of DR alleles 
have been observed.32,33 Such discrepancies are likely 
because diabetes mellitus is a multifactorial disease. 
Nevertheless, it would be interesting to determine if 
a decrease of specific HLA-DR alleles contributes to 
worst outcome in patients with diabetes and critically 
ill obese patients with COVID-19.

While interventions available for sepsis and severe 
trauma are limited to fluid resuscitation and antibi-
otics, immunomodulatory mechanisms remain the 
major targets for the development of effective thera-
pies. Perhaps, successful completion of a clinical trial 
for PD-L1 in sepsis could also be tested as a therapy 
for COVID-19–related immunosuppression. Given 
results obtained by Spinetti et al,1 this seems to be a 
relevant approach to diminishing morbidity and mor-
tality among ICU patients with COVID-19. Another 
potential benefit is utilization of HLA-DR variants as 
a prognostic tool to identify individuals with a higher 
risk for severe infection and hospitalization due to 
COVID-19. E
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