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Abstract

Recent research has demonstrated that critically ill patients with coronavirus
disease 2019 (COVID-19) show significant immune system dysregulation. Due to
that, some nutrients that influence immunomodulation have been suggested as a
form of treatment against the infection. This review collected the information on
the impact of vitamins on the prognosis of COVID-19, with the intention of
facilitating treatment and prevention of the disease risk status in patients. The
collected information was obtained using the PubMed electronic database by
searching for articles that relate COVID-19 and the mechanisms/effects of the
nutrients: Proteins, glucose, lipids, vitamin B12, vitamin D, calcium, iron, copper,
zinc, and magnesium, including prospective, retrospective, and support articles.
The findings reveal an optimal response related mainly to omega-3, eicosap-
entaenoic acid, docosahexaenoic acid, calcium, and iron that might represent
benefits in the treatment of critically ill patients. However, nutrient supple-
mentation should be done with caution due to the limited availability of
randomized controlled studies.

Key Words: COVID-19; Immunomodulation; Patient care; Vitamins; Nutrients;
Micronutrients

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

July 9,2022 | Volumell | Issue4 |


https://www.f6publishing.com
https://dx.doi.org/10.5492/wjccm.v11.i4.201
mailto:freiremelo@yahoo.com.br

da Costa BT et al. Severe COVID-19: Nutritional profile on immunomodulation

Jaishideng®

Core Tip: Immunomodulation has a considerable influence on the response to severe acute respiratory
syndrome coronavirus 2 infection. Therefore, the medical team must acknowledge different resources to
improve the immune system. In the current situation of prevalence coronavirus disease 2019, knowing the
potential risks and benefits of nutritional supplementation can improve patients' response and avoid severe
conditions, facilitating the process of healing. For that purpose, this article brings nutrients which might
help and those which worsen the immunological regulation and other body functions, pursuing to mitigate
the response against the virus.
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INTRODUCTION

Among nutrition studies, some emphasize the importance of vitamins, trace elements, and long-chain
fatty acids in supporting the immune system, keeping it able to protect against infections such as severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)[1-3]. Therefore, the analysis of micronutrient
supplementation is necessary to consider the effective optimization of the immune function and its use
as adjuvant treatment in some cases[1].

Inadequate and insufficient intake of iron, zinc, vitamins B, C, and E can affect the immunological
function of the organism and allows the presence of high levels of free radicals favoring oxidative stress
[4]. Importantly, according to ESPEN expert statements and practice guidelines for the nutritional
management of individuals with SARS-CoV-2 infection[5], oral nutritional supplements (ONS) should
be preferred over enteral (EN) and parenteral nutrition, whenever possible to meet the patient’s needs.
EN should be considered in polymorbid medical inpatients and elderly patients with a reasonable
prognosis when ONS are not possible. ONS must provide at least 400 kcal/d, including 30 g or more of
protein per day, for at least 1 mo[5].

On the other hand, a diet rich in vitamin C and zinc improves neutrophil phagocytosis, monocytic
activity, and immune cell locomotion, and vitamin D is related to the mediation of interleukins (ILs)
essential for immune defense, acting in the induction of antimicrobial peptides in macrophages[5]. The
strong qualitative T-cell response is crucial against SARS-CoV-2, and lymphopenia is associated with
elevated mortality[6,7]. Both CD4+ and CD8+ T-cell responses are present in infection, although the
latter is inefficient[6]. Elevated IL-2 associated with decreased IFNy levels have been observed in these
cells, increasing the severity and chronic course of the disease[8].

Successful immune regulation of innate and adaptive immunity is a predictor for avoiding severe
responses to SARS-CoV-2 infection[6]. Critically ill infected patients showed increased neutrophil
counts, tissue damage, activation of the coagulation cascade, and decreased hemoglobin and lymp-
hocyte values[6,9], which are associated with a drop in monocyte HLA-DR expression, and demon-
strated acquired immunosuppression[6]; nutrition has a role in their management.

Some nutrients such as carbohydrates, proteins, omega 3, vitamin B12, vitamin D, iron, copper,
calcium, zinc, and magnesium are the focus of this article for being directly linked to the host immune
response in coronavirus disease 2019 (COVID-19) cases. Apart from these, conjugated linoleic acid and
vitamins A and E regulate cytokine production as well as the proliferation and differentiation of specific
leukocyte populations, in addition to acting on immunoglobulin production and lymphocyte differen-
tiation[10-12]. In this review, we summarize the mechanisms of immunomodulation promoted by
micro- and macro-nutrients in COVID-19.

METHODOLOGICAL REVIEW

This methodological review was conducted by two investigators, working independently with the
guidance and support of a research advisor. Both prospective or retrospective trials and support articles
were identified using The United States National Library of Medicine (PubMed). Between October 4,
2021 and February 15, 2022, we searched the relevant articles published in English using the following
specific descriptors: COVID-19; SARS-CoV-2; immune system; immune response; vitamin B12;
cobalamin; macronutrients; micronutrients; carbohydrate; protein; lipid; intensive care; vitamin D; iron;
copper; zinc; magnesium and calcium; severe; nutrition; therapy; critically ill patients; coronavirus;
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immunomodulation; pro-resolving mediators; and inflammation. The descriptors were used alone
and/or in combination in the PubMed database. No restriction was made as to the date of publication of
the articles, nor was a target age range defined. Articles not written in English and not addressing these
topics in the title and/or abstract were excluded. Original articles describing prospective, retrospective,
and cross-sectional studies were included, as well as secondary research, such as systematic and
narrative reviews. Guidelines were also included. Commentaries, editor letters, book chapters, and
manuals were not included. Finally, 3316 articles were identified, of which 122 were included in this
minireview.

INFLUENCE OF MACRONUTRIENTS ON COVID-19 SEVERITY

Proteins and glucose

The dietary factor that leads to the weakening of immune functions is the failure of macro- and micro-
nutrient intake. In addition, clinical studies have shown that malnutrition, weight imbalance, and
fragility and dysbiosis of the gut microbiota are the main factors involved in the deterioration of
immune functions in infected patients[13].

The use of immunonutrients aims to increase the production of less potent inflammatory mediators
and reduce those highly inflammatory, besides minimizing the production of free radicals and
modulating the generalized inflammatory response[14]. For diabetic patients, this formulation is
suggested, as it is a supplement already used. Once a product is removed from the formula, fruit is
added to reach the caloric goal and improve palatability. Protein is the most important macronutrient
for maintaining immune function and preserving muscle mass[1].

Proteins are types of macromolecules made of amino acids (AA) that perform various important
functions for the body, for example, acting as antibodies, enzymes, messengers, transporters, and
structural components in the body[15,16]. Some studies indicate that protein supplementation
stimulates the immune system, which specifically improves infectious disease surveillance[17].

Studies with hydrolyzed proteins have shown that they are able to reduce the inflammatory state and
stimulate IgA function and production. Also, arginine and glutamine are both non-essential amino acids
that enhance the action of the immune system. The former is associated with macrophages in the
generation of nitric oxide, and the latter provides energy for immune cell utilization[18].

Proteins show antiviral activities against enveloped and non-enveloped viruses. They inhibit virus
entry into the cell by adhering to cell receptors[19]. Viruses need some enzymes, including DNA or
RNA polymerases, reverse transcriptase, and integrase for replication, and some evidence suggests that
proteins can inhibit the activity of these enzymes and eventually prevent virus replication[20,21].

On the other hand, increased consumption of saturated fats, refined carbohydrates, and alcohol, and
low levels of fiber, unsaturated fats, micronutrients, and antioxidants significantly impair adaptive
immunity while increasing innate immunity, which leads to chronic inflammation and severe damage
to the host defense against viral pathogens[1]. These dietary patterns might have a detrimental effect on
immune responses and are involved in the development of several inflammatory diseases[22]. Excessive
macronutrient intake contributes to the propensity to acquire pneumonia, which is the most common
high-risk complication of COVID-19[23].

The high mortality from COVID-19 in obese people points to an important role in nutrition[24]. Food
can influence cytokine gene expression levels and thus modulate inflammation and oxidative stress[25].
Cytokines such as tumor necrosis factor (TNF)-alpha and IL-6 when produced excessively have been
related to dysregulation of the inflammatory response and stimulation of cytokine storms[26].
Furthermore, increased adipose tissue contributes to greater leptin production, which is related to
macrophage activation and proliferation, while reduced adiponectin levels decrease the synthesis of
anti-inflammatory compounds. In addition, there is an increase in the release of non-esterified fatty
acids into the bloodstream, which also leads to the perpetuation of the chronic inflammatory process
[27]. Health-related consequences in populations affected by economic outages, quarantines, and
curfews due to SARS-CoV-2 infection include psychological distress[28-30], which is associated with an
increase in carbohydrate and lipid intake[31] and a decrease in physical exercise[32], resulting in weight
gain and increased rates of overweight and obesity. Adipose tissue, besides storing energy, is
responsible for producing certain substrates that, in excess, can stimulate a state of constant oxidative
stress and contribute to the severity of clinical manifestations during SARS-CoV-2 infection.

Some comorbidities have emerged as risk factors for the severe development of COVID-19, including
type 2 diabetes, increased body weight, hypertension, and dyslipidemia. In this sense, increased glucose
concentrations may be responsible for the reported poor outcome. A recent study reported that type 2
diabetes was associated with a higher mortality rate due to COVID-19, although the mortality rate was
lower with better controlled blood glucose[33]. Furthermore, diabetes mellitus (DM) can impair the
adaptive inflammatory response by delaying T-cell activation, as well as negatively impact neutrophil
chemotaxis and contribute to cytokine storm, leading to dysregulation of the immune response, suscept-
ibility to infection, and an increased chance of severe clinical manifestation during SARS-CoV-2
infection[34]. On the other hand, DM was related to the overexpression of angiotensin-converting
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enzymes in some organs such as the heart, lungs, liver, and pancreas, increasing the severity of the cases
and leading to organ failure during infection[35]. Consequently, diabetes was significantly associated
with the development of acute respiratory distress syndrome, with a hazard ratio of 2.3[36].

The few articles available that mention supportive care in COVID-19 recommend that nutritional
status should be assessed in all infected patients on hospital admission[1,5,37] and that patients at
nutritional risk should receive nutritional support as early as possible, especially through increasing the
protein intake by ONSI[5,37].

Moreover, studies, including SPEN statements[5], highlight that even patients with COVID-19 who
are not at risk of malnutrition should maintain an adequate intake, especially regarding adequate
amounts of protein (1.5g/d) and calories (25-30 kcal/d), as well as oral supplementation with whey
protein (20g/d) and intravenous solutions of multivitamins, multiminerals, and trace elements (goal:
satisfaction of recommended dietary intake on admission). The choice of whey proteins is based on their
anabolic and antioxidant properties combined with high digestibility[38,39]. Its potential clinical
benefits have been highlighted in cancer cachexia[40] and were recently demonstrated in a randomized
controlled trial of malnourished patients with advanced cancer[41]. Whey proteins also have
immunomodulatory properties[42] and potential antiviral activity[43]. Furthermore, whey protein
supplementation has been associated with improved immune recovery in HIV patients during the first 3
mo of antiretroviral treatment[44].

Figure 1 provides a summary of mechanisms of action of proteins and other nutrients in targeting
SARS-CoV-2 infection.

Lipid profile and omega-3

Decreased or absent lipids in nutritional support can cause essential fatty acid deficiency, especially in
preterm infants, and result in insufficient synthesis of omega-3 fatty acids, docosahexaenoic acid (DHA),
and omega-6 fatty acid arachidonic acid (ARA)[45]. Lipids also play an important role in the delivery of
fat-soluble vitamins such as vitamins A, D, E, and K[46]. Physiological processes such as metabolism,
immune response, oxidative stress, blood clotting, organ function, and wound healing have a direct
association with fatty acid availability[46,47]. However, this process needs to be well balanced, given
that excess lipids can cause undesirable consequences. The excess of linoleic acid (LA) may be associated
with exacerbation of inflammation, manifested mainly by increased levels of CRP, although other
biomarkers such as IL-6, adiponectin, and adhesion molecules have not shown significant changes
related to higher levels of LA consumption[48]. For this, studies have evaluated the impact of the use of
substances able to reduce the expression of cytokines that contribute to the gravity of the infection and
the enhancement of the inflammatory state in SARS-CoV-2 infection[49].

Omega-6 polyunsaturated fatty acids (PUFAs) can metabolize LA and further desaturate and form
ARA, the main PUFA in cell membranes involved in inflammation in humans[50]. Omega-6 PUFAs may
influence inflammation due to the fatty acid composition of the cell membrane phospholipids, which
modulates cellular responses and cellular function[50,51]. Membrane phospholipids produce second
messengers, such as diacylglycerols, endocannabinoids, and platelet activating factor, that act on
biological activity[52]. These second messengers also modulate gene expression and physiological and
metabolic responses, affecting the immune and inflammatory response, disease severity, and clinical
outcome[53]. Moreover, ARA composes peripheral blood mononuclear cells, such as lymphocytes,
neutrophils, and monocytes[52]. ARA also acts as a substrate for the enzymes cyclooxygenase, lipoxy-
genase, and cytochrome P450, constituting eicosanoid mediators such as leukotriene B4 (LTB4) and
prostaglandin E2, which induces pro-inflammatory cytokines and IL-6[53,54]. LTB4 promotes leukocyte
chemotaxis, adhesion, and degranulation, increases vascular permeability, and produces inflammatory
mediators, leading to a pro-inflammatory effect[51,54]. ARA metabolism also results in the production
of lipoxin A4 (LXA4) and lipoxin B4 (LXB4)[55,56]. LXA4 is an anti-inflammatory and pro-resolution
mediator that acts by inhibiting inflammatory cell recruitment, cytokine production, and NADPH
oxidase function, and restoring normal physiological function in damaged tissue, which leads to
decreased inflammation[57,58]. Studies suggest that LXA4 can suppress leukocyte-mediated injury and
promote chemotaxis of monocytes, and phagocytosis of apoptotic neutrophils[59]. LXB4 is generated by
mucosal tissues in the upper respiratory tract and lower airways, and acts by regulating neutrophil
activation[60].

In contrast, PUFAs, such as omega-3, are lipid compounds with potent anti-inflammatory activity,
responsible for the homeostasis of the organism and regulation of various biological functions. It can be
produced in small quantities by the human organism; however, it is possible to obtain this nutrient
through foods such as fish, nuts, and soy oil, and the intake of 250 to 2000 mg/d is recommended for
adults and 200 to 250 mg/d for children[61]. Lipid and carbohydrate requirements are adapted using
the energy ratio of fat and carbohydrates between 30:70 in patients without respiratory impairment and
50:50 in patients on mechanical ventilation[5]. Linolenic acid, eicosapentaenoic acid (EPA), and DHA
correspond to the representatives of this group of essential fatty acids, and their metabolism results in
substances such as protectins and resolvins that regulate platelet coagulation and the inflammatory
process[62].
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EPA and DHA sources have shown potential anti-inflammatory activity, in addition to promoting
immune function and improving liver metabolism[63]. Studies have shown that resolvins are able to
reduce the inflammatory response by decreasing neutrophil invasion and reducing the synthesis of pro-
inflammatory cytokines via inhibition of nuclear factor kappa B (NF-«B), in addition to promoting
monocyte recruitment and increasing phagocytosis of apoptotic neutrophils and macrophage clearance
[46,64]. Resolvins are specialized pro-resolving lipid mediators (SPMs), endogenous lipid mediators that
include protectin, maresins, and lipoxins (LXs). SPMs are involved in the pathophysiology of
respiratory diseases, such as COVID-19, and play a role in signaling events during the inflammatory
process[65-67]. Studies have also shown their potential in tissue repair, regression of inflammation by
increasing anti-inflammatory mediators such as IL-10, and regulating the adaptive immune response[67,
68]. Several studies using animal disease models have shown the potential of SPMs to decrease lung
inflammation and tissue damage, and to be able to disrupt the cytokine storm. Furthermore, SPMs do
not act as an immunosuppressive agent[65,66,69,70]. Thus, regarding COVID-19, SPMs may in the near
future be used to treat inflammation with the active precursors 18-HEPE, 17-HDHA, and 14-HDHA[66,
69,71]. Furthermore, omega-3 PUFAs have been linked to reduced expression of cyclooxygenase 2 and
decreased levels of pro-inflammatory cytokines such as IL-6, IL-8, and IL-1 beta and free radicals[72].

PUFAs are responsible for altering the composition of cell membranes, modulating cell signaling, and
influencing immune responses[73,74]. They are present in the cell membrane, taking part in the
formation of the phospholipids and assisting in the maintenance of both cell structure and functionality.
Thereby, alterations in the composition and homeostasis of these compounds are able to influence
cellular responses[75]. Thus, studies have shown that, due to their lipophilic capacity, PUFAs can bind
to the cell membrane, altering the permeability of this structure, interfering with the virus' binding to
the angiotensin-converting enzyme 2 (ACE2) receptor, and also interrupting its action as a receptor[76].
In addition, omega-3 PUFAs could contribute to alterations in the structure of the lipid rafts that carry
the ACE2, being able to modify the ability of the virus to bind to its receptor and reduce replication rates
[77]. This lipid could directly regulate and alter the amount, size, and the proteins expressed in the rafts
by modulating the binding between the virus and its receptors[78]. Finally, the viral spike protein,
which is responsible for interacting with ACE 2 and allowing entry into the cell, could be inactivated by
PUFAs when they bind, thus blocking infection[79].

During cases of infection, adequate management of the patient's nutritional status must be
performed, since systemic inflammation is capable of increasing the demand for nutrients and
propitiating a picture of malnutrition that may worsen the clinical picture generated by COVID-19[80].
As a result of the aforementioned, lipid nutritional support emerges as a possible element in medical
nutrition therapy for critically ill patients with COVID-19[73,74]. Studies have shown that there is a
possible association between omega-3 levels in the body and reduced fatal outcomes caused by COVID-
19[79]. A cross-sectional study observed a possible relationship between low omega-3 PUFA levels in
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the body and clinical manifestations of COVID-19. However, there is a need for further research that
evaluates a larger population and standardizes the levels of this lipid as a possible predictor of risk in
the bloodstream during infection[80]. Of note, patients admitted to intensive care units (ICUs) with
respiratory distress syndrome had improved oxygenation and reduced length of stay after adminis-
tration of this lipid[81,82]. Similarly, a randomized clinical trial with 101 patients reported that during
omega-3 PUFA supplementation, there was regulation of some laboratory parameters such as normal-
ization of arterial pH, bicarbonate level, and base excesses, as well as improvement in renal function[83].

INFLUENCE OF MICRONUTRIENTS ON COVID-19 SEVERITY
Vitamin B12

Vitamin B12, also known as cobalamin, is a micronutrient obtained mainly through the consumption of
animal source foods and absorbed in the gastrointestinal tract through metabolic pathways involving
substances such as hydrochloric acid, pepsin, and intrinsic factor. It is a micronutrient with well-
established functions in red blood cell synthesis, cell growth, the nervous system, and DNA synthesis.
The active forms of cobalamin are hydroxocobalamin and methylcobalamin, which are closely linked to
folic acid and adenosylcobalamin[84,85]. In addition, studies suggest that vitamin B12 plays an
important role in the immune system by assisting in balancing the gut microbiota, which is sometimes
compromised during SARS-CoV-2 infection[4]. Yet, cobalamin modulates the immune system by
exerting influence on T lymphocytes, participating in their differentiation and proliferation and, thus,
being important in maintaining the ratio between cytotoxic and helper T cells, in addition to influencing
the activity of natural killer cells. By playing a role in cell division, vitamin B12 can have a direct
influence on the rapid proliferation of B lymphocytes. Furthermore, vitamin B12 in association with
folate is important in the production of antibodies[86]. Considering that vitamin B12 participates in
metabolic reactions involving carbon-1, with interactions occurring with folate metabolism, in
individuals with low levels of vitamin B12, 5-methyl-tetrahydrofolate (THF), produced by an
irreversible reaction, results in an inactive form of folate. 5-methyl-THF can result in secondary folate
deficiency, impairing purine and thymidine synthesis. This results in changes in DNA and RNA
synthesis and, consequently, in the secretion of immunoglobulins[87].

Thus, insufficiency or deficiency of micronutrients such as vitamin B12 may affect the host immune
response against viral infections and inflammatory activity, as well as influence the clinical outcomes of
patients with COVID-19 in both immunological, microbiological, and hematological forms[88,89]. A
single-center study[90] noted that patients who died from SARS-CoV-2 infection had less vitamin B12
when compared to those hospitalized in ICUs, but no significant differences were observed between
them. Another study that evaluated serum micronutrient levels and disease severity in COVID-19
patients reported that some of these substances, such as cobalamin, were reduced in these individuals
[91]. On the other hand, some patients may also have increased B12 levels, especially those who were
intubated and deceased, with excess vitamin B12 being significantly correlated with a worse prognosis,
such as ICU admission, intubation, and death[92]. Similarly, this increase was also observed in patients
with poor clinical outcomes in another study[92,93]. The liver is responsible for cobalamin storage and
damage to this organ in hospitalized patients may be the cause for the high levels of this vitamin found
in certain individuals. However, despite the high plasma concentration of cobalamin, these patients may
have neurological and hematological conditions, which are common in patients with low concentrations
of the micronutrient. There are two possible pathways for the occurrence of this paradoxical effect:
Tissue lysis reduces the intracellular concentration of cobalamin and increases the plasma concentration;
thus, the high concentration ends up interfering in the transport of the substance and, consequently, in
the intracellular uptake[94].

Given this scenario, studies linked to vitamin B12 supplementation are scarce and show inconclusive
results. In this sense, some authors advocate supplementation associated with other micronutrients,
making it difficult to analyze their results in isolation. In non-COVID-19 situations, vitamin B12
deficiency is classically treated with parenteral injection therapy of 1000 pg for 1 to 2 wk, followed by
monthly administration. Intramuscular injections are uncomfortable and painful in children, as well as
expensive. Thus, oral preparations are being investigated[95]. In a study, children over 6 years were
treated with a daily pill containing thiamine 250 mg, pyridoxine 250 mg, and cyanocobalamin 1000 pg
for 3 mo, and those under 6 years old with an ampoule of 1000 pg of vitamin B12. This treatment was
effective for vitamin B12 nutritional deficiency[96]. Another study that evaluated 47 individuals aged 1
mo to 17 years with serum vitamin B12 levels less than 200 pg/mL treated for 120 d with 1000 pg of this
oral vitamin showed improvement in cobalamin levels. However, despite the high dose, reduced results
were achieved in older children, indicating the need for dose adjustment according to weight[97]. Yet,
patients > 6 or > 18 years who reported gastrointestinal abnormalities or restricted diet received 1000 ug
of oral vitamin B12 or 1000 pg intramuscularly in nine injections for 3 mo and both administrations
restored the cobalamin levels of all patients[98].
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A study performed joint supplementation of magnesium and vitamins B12 and D3 in individuals
aged over 50 years with COVID-19 and observed less need for supplemental oxygen and ICU admission
[99]. Therefore, these findings suggest the potential role of vitamin B12 in limiting disorders and
complications related to SARS-CoV-2 infection, and further studies are needed to more reliably establish
whether vitamin B12 alone is able to show statistically significant results in these patients[100,101].

Vitamin D

Although the level of vitamin D has been widely studied in patients infected with SARS-CoV-2, other
previous studies have evaluated the role of this vitamin in patients with acute respiratory infections
(ARI), mainly in the upper airways[102,103].

The role of vitamin D in bone health, through calcium and phosphorus maintenance, is well
established[104], but its role in respiratory infections appears to be related to the production of antimi-
crobial peptides in the respiratory epithelium and in the response of the inflammatory cascade against
the virus[105-107]. In addition, vitamin D helps maintain cell junctions and gaps, decreasing the
cytokine storm caused by the infection[108], and inhibiting type 1 T helper cell response and T cell
induction[109]. Furthermore, vitamin D deficiency causes deprivation in macrophage production and
performance, interfering with the innate immune response and favoring the establishment of infection
[110]. Thus, although the levels of this macronutrient do not represent a great impact in reducing the
risk of contracting the disease, studies show that there is a great impact on the modulation of the innate
and adaptive immune response and, consequently, on the severity of the disease[111].

The pathophysiology of SARS-CoV-2 infection is favored by high expression of ACE2, a receptor
through which the virus enters cells of the lung epithelium and other organs, triggering activation of the
pro-inflammatory cascade and viral replication[112]. Increased storage of the inactive form of vitamin D
(calciferol) increases the risk of virus infection because it stimulates ACE2 production[110]. However, as
this is one of the factors for the manifestation of more critical forms of COVID-19, at the experimental
level, vitamin D helps to reduce ACE2 expression and viral load by reducing the inflammatory cascade
[111,112].

Despite such evidence, studies involving this vitamin and the prognosis of patients with COVID-19
are inconclusive, and most of them are observational or retrospective studies with a small, usually
single-center sample. Therefore, the medical recommendation for vitamin D supplementation is based
on the observation of increased mortality from COVID-19 in those with low vitamin D levels, even with
adjustment for patient age[111]. Studies indicate that vitamin supplementation is relevant only in
patients who are vitamin-deficient or at risk for immune system deficiency, such as patients with
chronic diseases[113]. In a study that looked at different doses of vitamin D in patients with COVID-19,
the recommendation for people at risk of influenza and/or COVID-19 was supplementation of 10000
IU/d of vitamin D3 for a few weeks and then 5000 IU/d, without describing the variation for the
patients” age group. The ultimate goal would be to rapidly increase 25(OH)D concentrations and reach
concentrations between 40-60 ng/mL (100-150 nmol/L). For the treatment of patients with COVID-19,
higher doses, depending on the reference protocol, may be useful[108].

There are studies that have shown lower vitamin D levels in critically ill patients with COVID-19[78,
114] and in addition, a 15% reduction in the number of severe COVID-19 cases with normal vitamin D
status was found in a population[115]. However, after removing confounding variables, the results are
still inconclusive. Other studies that have found increased mortality from infection in countries with
vitamin D deficient populations, such as Italy, point to overlapping risk factors related to old age,
obesity, and diabetes[104].

Meanwhile, high level supplementation may be recommended for patients at risk. A randomized
controlled trial indicates that high doses of vitamin D supplementation are a successful treatment for
high-risk elderly patients, and that this type of treatment would not pose risks to patients. Still, it is clear
that further prospective, randomized, controlled, large-scale studies on vitamin D supplementation
related to mortality and severity of COVID-19 are needed to conclude[113].

Calcium

Hypocalcemia is quite common in viral diseases, which overcomes the fact that studies report its
presence in more than 60% of patients hospitalized for SARS-CoV-2 infection[116]. The calcium ion is
involved in two important parts of the development of COVID-19. It is of paramount importance for the
life cycle of the virus, but it is also related to the inflammatory response and its regulation[117].

Some hypotheses are raised to explain this condition. Among them, we can mention some degree of
malnutrition that causes hypovitaminosis D and hypoalbuminemia in COVID-19, given that the calcium
ion is primarily linked to albumin, the high degree of inflammation in the infected patient, as well as a
consequence of this, alterations in the receptors and in the hormonal axis of calcium, which causes it to
be mobilized from the bones. Furthermore, it is possible to mention the fact that patients with
hypocalcemia have fewer lymphocytes and higher levels of D-dimer, justifying the more intense inflam-
matory response, as well as greater chances of developing coagulopathies. Regarding lymphopenia, it
can be justified by mechanisms of bone marrow suppression that may have been caused by the virus
and/or by direct destruction of these lymphocytes, due to all the toxic substances that are produced
during the SARS-CoV-2 infection, mainly the cytokines[118]. D-dimer is related to the cytokine storm
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Table 1 Role of micro- and macro-nutrients in the immune system

Micro-/macro- . . Affected cells f
. Clinical outcomes . Immunological outcomes Ref.
nutrient and cytokines
Proteins Whey protein has DNA or RNA Antiviral activities against enveloped and non-enveloped Siqueiros et al[19], 2014;
antiviral properties; polymerases, viruses; inhibit the entrance of the virus into the cell; inhibit Nejati et al[20], 2021; Ng et
supplementation reverse the virus enzymes activity; prevent virus replication al[21], 2001; Ng et al[43],
facilitates the patients' transcriptase, 2015; Olsen et al[44], 2014
recovery in viral infections integrase, etc.
Lipids/omega- Improvement of IL-6, IL-8, IL- Altering the composition of cell membranes and Hawrytkowicz et al[62],
3 oxygenation and reduced  1beta, free modulating cell signaling; decrease the pro-inflammatory 2021; Romano et al[73],
length of stay after radicals response by reducing the levels of proinflammatory 2020; McClave et al[74],
omega-3 administration; cytokines IL-6, IL-8, IL-1beta, and free radicals 2016; Vivar-Sierra et al
normalization of blood [79], 2021; Asher et al[81],
pH, reducing base excess; 2021; Doaei et al[83], 2021
improves renal function
Vitamin B12 Combined supple- Tand B Cell differentiation and proliferation; maintenance of the Gombart et al[2], 2020;
mentation resulted in lymphocytes, NK ratio between T helper and cytotoxic cells; influence on NK  Chaari et al[86], 2021;
lower necessity of oxygen cells; antibodies  cell activity; in association with folate and production of Ersoz et al[92], 2021; Tan
and ICU admission; antibodies et al[99], 2020
increased levels of B12 are
correlated to higher risk of
ICU admission,
intubation, and death
Vitamin D Increased mortality in Antimicrobial Production of antimicrobial peptides in the respiratory Dankers et al[105], 2016;
patients with low vitamin peptides; T cells, epithelium; helps maintain cell junctions and gaps; Gombart et al[106], 2005;
D levels; high dose macrophages decreasing the cytokine storm; inhibiting type 1 T helper Greiller and Martineau
supplementation is related cell response and T cell induction; its deficiency causes [107], 2015; Grant et al
to successful treatment of deprivation in the production and performance of [108], 2020, Cantorna et al
high risk elderly patients macrophages [109], 2015; Ilie et al[110],
2020; Rhodes et al[111],
2021, Annweiler et al[113],
2020
Calcium Calcium associated with ~ Cytotoxic T Hypocalcemia as a result of hypoalbuminemia; increased Alemzadeh et al[116],
albumin is capable of lymphocytes; IL-  pro-inflammatory cytokines IL-1 and IL-6 interfere with 2021; Alsagaff et al[126],
decreasing metabolic 1,IL-6 calcium metabolism; lower levels of lymphocyte counts 2021; Mendez et al[127],
dysfunctions and organ related to higher levels of D-dimer in critically ill patients 2021
damage during the
COVID-19 infection
Iron Maintaining adequate T cells, B cells, Chelation/ deficiency: Enhances IFN-y signaling and STAT1 Tojo et al[131], 2021;
levels of iron is related to  macrophages activation which may stabilize the TH1 phenotype in early =~ Sonnweber et al[133],
lower levels of respiratory TH polarization; activates the transcription factors hypoxia- 2020; Akhtar et al[138],
failure inducible factor (HIF)-1a and nuclear factor (NF)-IL6 in 2021; Nairz and Weiss
macrophages. Supplementation/overload: in TH1 cells, [164], 2020
stimulates the production of GM-CS, and reduces
expression of the T-box transcription factor T-BET; inhibits
ICAM1 and MHC-II expression in macrophages, impairing
TH1 immunity; in B cells, counteracts the Ig class switch
towards IgG; may promote TH2 polarization
Copper There is still no evidence ~ Macrophages, Participates in the functioning of innate immune cells (e.g.,  Zhou et al[130], 2020;
to support the supple- neutrophils, NK it accumulates in macrophage phagolysosomes to combat ~ Zeng et al[140], 2021; Rani
mentation of copper in cells; IL-2 pathogens); has intrinsic antimicrobial properties; acts in et al[143], 2021
COVID-19 patients defense against reactive oxygen species; has a role in IL-2
production and response; maintains intracellular
antioxidant balance; has a role in differentiation and prolif-
eration of T cells
Zinc Currently there is no Th cells; IL-2, Acute zinc deficiency promotes the adhesion of monocytes ~ Gammoh et al[144], 2017;
evidence of interferences  IL-1f, IL-6, IL-8 to endothelial cells in vitro and reduces the production of Elalfy et al[153], 2021;
of this element regarding TH1 profile cytokines including IFN-y, IL-2, and TNF-o; it ~ Thomas et al[154], 2021;
severe cases has the potential to inhibit the inflammatory process by Abdelmaksoud et al[155],
stimulating the release of IL-1-p depending on the 2021; Mariani et al [165],
transcription factor NF-xB; low levels of zinc are associated 2006
with an increase in IL-6, IL-8, and TNF-a which contributes
to inflammation
Magnesium This nutrient is capable of ~ Natural killer Reduction of immune cell toxicity; cytokine storm favoring; Tang et al[159], 2020;
reducing the necessity of  cells, CD8 killer T decreased anti-oxidant and anti-inflammatory action, DiNicolantonio and
oxygen and intensive care cells, monocytes, energy depletion, muscle catabolism, and prothrombotic O’keefe[160], 2021; van
unit admission macrophages, conditions Niekerk et all®1) 2018;
leukocytes Zhu et al[162], 2021; Totti

et al[163], 2020; Nairz and
Weiss[164], 2020
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that is caused in more severe cases of infection. This is because this intense immune reaction activates
the coagulation cascade, favoring the occurrence of thrombotic events. As D-dimer is involved in blood
clotting events, its detection in examinations is favorable to attest to a possible state of thrombosis in the
patient, which increases the chances of pulmonary complications and thromboembolism[118]. However,
the increase in unsaturated lipids can also contribute to hypocalcemia, due to the link established with
the ion[116,119,120].

Given this and studies that have evaluated calcemia in hospitalized patients, it was possible to
establish an important risk factor between low calcium levels and increased risk of developing serious
diseases, complications in the cardiovascular system, nervous system, and muscle, and mortality[116,
120,121].

In regard to the viral life cycle, much has been studied about the role of calcium. SARS-CoV-2 needs
to release its genetic material inside the host cell and to do so, it needs to penetrate the host cell
membrane and fuse its membrane with the viral membrane[122].

The key and initial point lies with the spike (S) protein, which is composed of two subunits, S1 and
52, containing a region called fusion peptide (FP) that is crucial in the cell invasion process, along with
the help of calcium, which binds to two negatively charged FP residues located in the S2 subunit to
allow viral fusion. In this sense, calcium acts directly on the proteins responsible for mediating fusion,
playing an activating role and increasing the binding of the S protein to host cells, favoring viral
penetration[122-124]. Importantly, PF interacts with the host cell membrane, changing its structure and
allowing membrane fusion[124].

Despite the use of calcium in the process of virus entry into the host cell, what may account for the
hypocalcemia is the lack of the viral envelope protein E that alters intracellular calcium metabolism,
favoring the increase of IL-1B. This cytokine is responsible for regulating the expression of a calcium-
sensitive receptor. With the action of the cytokine, the set point of calcium suppression by PTH is
reduced. Thus, even though calcium is in lesser amounts, it is able to decrease PTH secretion and
corroborate an even greater decrease in serum calcium[117].

Early use of calcium and albumin supplementation is reported to lead to reduced toxicity from free
fatty acids, which are then carried by albumin, and to decrease the degree of mitochondrial metabolic
dysfunction and organ damage[125,126]. Also, a meta-analysis of 199298 patients demonstrated that the
use of calcium channel blockers (CCBs) in hypertensive patients reduced mortality rates in hypertensive
patients with COVID-19. This may be explained by the action of CCBs blocking the virus replication
cycle through ion-dependent pathways, although the use of CCBs has not been shown to interfere with
the severity of disease presentation[126]. Some studies, which used a smaller sample of patients, are
against the use of CCBs in the treatment of patients with COVID-19 and found an increased risk of
respiratory failure, intubation, and death in patients taking this medication[127].

Further studies are needed, but vitamin D supplementation is hypothesized to prevent hypocalcemia,
severe disease, and other complications[120,128].

Iron

Hemoglobin, iron, and saturated transferrin levels were lower in patients with COVID-19 compared to
individuals without the disease, while ferritin levels were higher in SARS-CoV-2 infected patients[129].
Correspondingly, Zhou et al[130] reported that serum hepcidin and ferritin levels contribute
independently to the severity of COVID-19. Another study points out that the relationship between iron
levels and disease severity is U-shaped, considering that patients with mild respiratory failure had
significantly lower serum iron levels compared to individuals without respiratory failure, while no
significant differences in iron levels were observed between the group without respiratory failure and
those with severe respiratory failure[131]. Hippchen et al[132] identified an iron concentration
< 6 pmol/L as the best cut-off point to predict hospitalization of patients with COVID-19. Furthermore,
it has been reported that alterations in iron metabolism can persist for a few months after the initiation
of COVID-19 and are associated with pulmonary pathologies[133]. Low serum iron has also been
associated with mortality from COVID-19[134].

In order to decrease viral replication, the innate immune system stimulates the reduction of iron
bioavailability, so hepcidin levels tend to increase and block ferroportin activity, which results in
cellular accumulation of the metal, mainly inside macrophages, hepatocytes, and enterocytes[135]. The
increase in intracellular iron stimulates the expression of inflammatory cytokines, such as IL-6, IL-8, and
TNF-a, which worsen the accumulation of iron in cells, generating a cycle that contributes to the
“cytokine storm” in patients with COVID-19[133].

In general, adequate levels of iron are obtained through diet. However, supplementation of this
mineral can be used in patients with challenges in meeting dietary requirements[136]. The usual dosage
for therapeutic iron supplementation is 325 mg (equivalent to 65 mg of elemental iron), three times a
day[137]. Iron supplementation therapy has been considered a more promising approach than
transfusion to promote erythropoiesis in pregnant women and cancer patients with anemia and COVID-
19[138].
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Copper

Skalny et al[139] reported that the copper/zinc ratio, besides being increased in patients with COVID-19
compared to healthy individuals, presents a gradual increase according to the severity of the cases and
was considered as a predictor of lower O,saturation. A cohort of 306 patients with COVID-19 in Wuhan
also identified an increase in copper levels in severe cases compared to non-severe patients[140]. On the
other hand, Hackler et al[141] reported that patients surviving COVID-19 had higher mean serum
copper levels compared to non-surviving patients. Arrieta et al[142], in turn, carried out a study with
patients with severe COVID-19 on parental nutrition and supplemented with zinc, revealing that serum
copper concentrations were lower in critically ill participants. However, it should be considered that
copper and zinc are competitively absorbed in the small intestine, which may justify the reduction of
copper in these patients[143].

SARS-CoV-2 infection involves the induction of an inducible transcription factor (NF-xB), responsible
for triggering an inflammatory process. Copper, in turn, acts by preventing inflammatory events,
through several mechanisms, such as the generation of reactive oxygen species, which act in the
destruction of viral morphology and genomes[143]. Despite a favorable theoretical approach to comple-
mentary therapy with copper supplementation, there is still no evidence to support its use in cases of
patients with COVID-19[142].

Zinc

Zinc plays an important role in modulating the immune system, including roles in antiviral and antibac-
terial responses[144]. Zinc is essential for the recruitment of neutrophil granulocytes and chemotaxis
process and positively influences NK cells, phagocytosis, oxidative burst generation, and CD4+ and
CD8+ T cells[145]. It has already been clarified that acute zinc deficiency has the potential to interfere
with both innate immunity and T cell-mediated immunity by impairing those defenses, whereas chronic
deficiency of that metal is associated with an increase in pro-inflammatory cytokines[146]. In addition,
previous studies have already suggested the use of zinc in order to reduce the duration of acute
respiratory tract viral infections and to prevent symptoms[147].

A possible therapeutic role of the mineral in respiratory tract infections was the demonstration that
zinc gluconate supplementation inhibits the NF-kB-dependent transcription of inflammatory genes,
contributing to a reduction of neutrophilic infiltration and TNF-a release in the airways[148]. In that
context, it was hypothesized that zinc could inhibit SARS-CoV-2 viral replication since it inhibits RNA-
dependent RNA polymerase (RdRp) activity in vitro by inhibiting SARS-CoV-2 RdRp elongation and
binding of model[149,150]. Furthermore, it is possible that zinc has the potential to restrict SARS-CoV-2
access in host cells by inhibiting ACE2 activity[151,152]. Therefore, during the COVID-19 pandemic, the
possibility of reducing infection severity through zinc administration led scientists to research this
metal. Among these studies, a non-randomized clinical trial including 113 patients compared the use of
combined nitazoxanide, ribavirin, ivermectin, and zinc along with routine supportive treatment and the
results showed that the combination effectively cleared SARS-CoV-2 from the nasopharynx faster than
supportive therapy; however, patients experienced some side effects such as gastrointestinal
disturbances[153]. In contrast, a randomized clinical trial including 214 patients looked at whether high-
dose zinc, high-dose ascorbic acid, or both substances were able to reduce the severity or duration of
symptoms caused by SARS-CoV-2 infection compared to standard care. The results of the study
concluded that there was no significant difference between groups and that treatment with zinc,
ascorbic acid, or both did not interfere with the symptoms of the disease[154]. In addition, a prospective
clinical trial with 134 patients analyzed the serum zinc levels of patients positive for COVID-19 at
various severity levels, with and without olfactory alterations, in order to assess the therapeutic
potential of zinc supplementation. The authors concluded that there were no significant differences
between the subgroups regarding severity, recovery time, or the presence or absence of olfactory and
taste dysfunction. However, olfactory and taste functions recovered more quickly in patients who
underwent zinc therapy (P < 0.001)[155]. Zinc supplementation offers numerous benefits for different
comorbidities; however, its dosage may vary with the patient's age and the specific pathophysiology of
the disease[156]. The recommended pharmacological dosage of zinc for adults is greater than 40 mg/d
and generally ranges from 220 mg/d to 660 mg/d of zinc chelate, which is equivalent to 50 mg to 150
mg of elemental zinc[157]. Finally, the clinical data obtained to date are not sufficient to support zinc
supplementation in outpatients and hospitalized patients with COVID-19[154,158].

Magnesium
Magnesium ion is one of the most relevant elements in the homeostasis of several body systems such as
the respiratory, neurological, cardiovascular, and digestive systems. It has anti-oxidant and anti-inflam-
matory functions and integrates several biochemical and metabolic reactions, such as transport of other
ions and activation of vitamin D, and it is involved in energy metabolism[159]; considering the role of
magnesium in body homeostasis, this element is involved in the context of the organic disorders caused
by COVID-19.

When there is a cytokine storm and an increase in the generalized inflammatory status, there is a
functional imbalance between the cells of the immune system and higher energy depletion[160,161].
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A good part of the population already has low serum magnesium levels and, with the infection, food
intake is reduced in more critical cases. As a result, the organism uses other means of obtaining this ion
which, along with phosphate, is removed from its natural reservoirs, mainly the musculoskeletal
system, catabolizing it[159,161].

Besides the muscle tissue involved, which may evolve to kidney injury and rhabdomyolysis, low
magnesium levels may favor the development of respiratory complications by integrating membrane
proteins involved in energy metabolism. Nevertheless, hypomagnesemia can contribute to endothelial
dysfunction, favoring, as the calcium mentioned above, prothrombotic situations[159,160].

To date, little is known about magnesium homeostasis during COVID-19, as it is not a commonly
assessed parameter, even though many patients have low Mg levels during the disease. However, in
addition to all the inflammatory and metabolic issues involved with hypomagnesemia, SARS-CoV-2 has
magnesium in its structure. In this sense, the virus would need the ion to remain structurally and
functionally active[162-165].

The use of magnesium, vitamin D, and vitamin B12 supplementation was positive in the devel-
opment of COVID-19 in patients over 50 years old, reducing the number of patients who required
supplemental oxygen or ICU admission. The doses used were 1000 IU of cholecalciferol, 150 mg of
magnesium oxide, and 500 pg of methylcobalamin, for a period less than or equal to 14 d[99].

To summarize the influence of nutrients on the immune system, Table 1 brings the macro- and micro-
nutrients above cited, relating it to the modulation in cells and cytokines and to clinical outcomes.

CONCLUSION

The relationship between COVID-19 and nutrients is controversial. The expression of pro-inflammatory
compounds and the individual's dysregulated immune response are the main causes of modulation in
critically ill patients infected with the virus. In view of this, correct modulation is essential to avoid mild
or exaggerated responses. The macro- and micro-nutrients mentioned are directly involved in the basic
structure of the immune system, participating in the development of cells, cytokines, and antibodies.
Some nutrients such as vitamin B12 and copper are contradictory as to the beneficial effects of their
bioavailability, and their overstocking is predictive of a worse prognosis. The lack of studies with this
isolated micronutrient requires further analysis to guide medical professionals in prescribing vitamin
B12 supplementation. Furthermore, supplementation of vitamin D, calcium, iron, and magnesium is
beneficial, especially in patients with comorbidities, whose risk of developing the most severe forms of
the disease is greater. The action of these elements, promoting anti-inflammatory and antioxidant
functions, is essential to control the aggressive COVID-19 response. Vitamin D, calcium, and
magnesium supplementation is important for patients at risk and with deficiency. In addition, early use
of calcium associated with albumin has shown benefits in preventing toxicity and organ damages that
can lead to severe cases of COVID-19. Those findings are alien to what is found in ESPEN expert
statements and practical guidance for nutritional management of individuals with SARS-CoV-2
infection, which points that vitamins D and B, zinc, iron, and omega-3 PUFAs should be considered in
COVID-19 patients for nutritional support. It is also suggested that the daily supply of these micronu-
trients should be ensured in malnourished patients with SARS-CoV-2 infection.

Regarding the high consumption of proteins, carbohydrates, and lipids, there is influence of the
excess of these in the diets of prehospital patients, considering the connection with the acquisition of
pneumonia. Moreover, these nutrients influence the function of adipose tissue by stimulating the
inflammatory response, worsening the patient's condition. Meanwhile, omega 3 PUFA supplementation
is recommended to improve oxygenation, contributing additionally to the regulation of laboratory tests
and renal function. However, further randomized controlled trials are needed to complement and
confirm the information on the influence of vitamins and other nutrients on immunomodulation of the
COVID-19 response, in order to determine which nutrients are beneficially administered and select the
correct doses for the treatment of critically ill patients.
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Abstract

Hyperglycemia is commonly associated with adverse outcomes especially in
patients requiring intensive care unit stay. Data from the corona virus disease
2019 (COVID-19) pandemic indicates that individuals with diabetes appear to be
at similar risk for COVID-19 infection to those without diabetes but are more
likely to experience increased morbidity and mortality. The proposed hypothesis
for hyperglycemia in COVID-19 include insulin resistance, critical illness hyper-
glycemia (stress- induced hyperglycemia) secondary to high levels of hormones
like cortisol and catecholamines that counteract insulin action, acute cytokine
storm and pancreatic cell dysfunction. Diabetic patients are more likely to have
severe hyperglycemic complications including diabetic ketoacidosis and
hyperosmolar hyperglycemic state. Management of hyperglycemia in COVID-19
is often complicated by use of steroids, prolonged total parenteral or enteral
nutrition, frequent acute hyperglycemic events, and restrictions with fluid
management due to acute respiratory distress syndrome. While managing
hyperglycemia special attention should be paid to mode of insulin delivery,
frequency of glucose monitoring based on patient and caregiver safety thereby
minimizing exposure and conserving personal protective equipment. In this
article we describe the pathophysiology of hyperglycemia, challenges
encountered in managing hyperglycemia, and review some potential solutions to
address them.
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Core Tip: Data from the corona virus disease 2019 (COVID-19) pandemic indicates that individuals with
diabetes are more likely to experience hyperglycemia related complications including diabetic
ketoacidosis and hyperosmolar hyperglycemic syndrome. These patients often require hospitalization to
intensive care units. In this article we intend to describe the pathophysiology of hyperglycemia in critically
ill patients with COVID-19 infection, challenges encountered in managing hyperglycemia, and review
some potential solutions to address them.
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INTRODUCTION

Corona virus disease 2019 (COVID-19) hospitalization rates have varied across different hospitals across
the United States and can be as high as 15% among infected patients[1]. One in four patients admitted to
the hospital with COVID-19 infection requires intensive care unit (ICU) level of care. Mortality rates
vary widely among these patients, sometimes approaching as high as 62%2]. Intensive care hospital-
ization rates of COVID-19 patients differ widely across the countries and in the United States range
between 5% and 12% of the total positive cases[3]. The median duration of hospital stays among the
COVID-19 patients ranges from 16 to 23 d, the median length of ICU stay is 7 to 17 d, and the average
time of mechanical ventilation is about 1-12 d[4].

Both Type 1 and type 2 diabetes are frequently identified medical comorbidities in patients with
severe COVID-19 infection with poor clinical outcomes[5,6]. Diabetic patients treated with insulin prior
to hospitalization also had poor outcomes[7]. Hyperglycemia (fasting blood glucose more than 125
mg/dL) is identified as an independent predictor of increased mortality in hospitalized patients without
prior diagnosis of diabetes[8]. It can be concluded from review of currently available literature that new
onset hyperglycemia in non-diabetic patients and new onset diabetes in COVID-19 have poor clinical
outcomes compared to people with preexisting diabetes and people with euglycemia[9]. A recent
systemic review and meta-analysis reported high prevalence of diabetic ketoacidosis (DKA 63.4%),
EDKA (euglycemic diabetic ketoacidosis 8.5%), hyperosmolar hyperglycemic state (HHS 1.4%) and
combined DKA/HHS (26.8%) among acute diabetes- associated metabolic emergencies in COVID-19
patients. The mortality rate related to diabetes-associated acute metabolic emergencies in COVID-19
patients’ range between 7.7% to 32.4%. The major factors associated with worse outcomes in these
patients were the need of mechanical ventilation, acute renal failure and dual presence of hyperosmolar
state and ketoacidosis[10]. Strict blood glucose control has been shown to have a protective effect with
better outcomes in patients with COVID-19 with hyperglycemia. Sardu et al[11] reported that use of
intravenous insulin infusion to achieve a substantial drop in blood glucose levels was associated with
better clinical outcomes in patients hospitalized with COVID-19.

MECHANISM OF HYPERGLYCEMIA IN PATIENTS WITH COVID-19 INFECTION

Infection mediated factors leading to hyperglycemia

Role of inflammatory storm: Critical illness associated stress results in stimulation of the hypothalamic-
pituitary-adrenal (HPA) axis. Excess release of various stress hormones (cortisol, growth hormone,
catecholamines and glucagon) that follows, causes insulin resistance by decreasing the uptake of
glucose in skeletal muscle and induce gluconeogenesis and glycogenolysis in liver contributing to
hyperglycemia.

Inflammatory storm associated with hyperglycemia is frequently among COVID-19 patients with
preexisting diabetes, prediabetes, and/or obesity. The association between chronic inflammation and
hyperglycemia and its effect on complications has been well described in literature[12-14]. This
preexisting inflammatory state can further fuel added cytokine release related complications including
increasing insulin resistance, acute (stress) hyperglycemia, and can lead to additional complications in
patients with diabetes[15-18]. Severe hyperglycemia was frequently associated with elevations of
inflammatory biomarkers like high sensitivity C- reactive protein (hsCRP), procalcitonin, interleukin-6
(IL-6), and D-dimers that act as important predictors for a more severe form of disease[19,20].

In the CORONADO study[21], about 11% of the participants had diabetes-related complications at
admission in the form of hyperglycemia, and/or ketoacidosis. Ketosis can be explained because of
discontinuation of glucose-lowering medications because of anorexia before hospital admission, a direct
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effect of COVID-19 cannot be ruled out. The virus binds to ACE2 receptors which are expressed in
pancreatic tissue and B-cells[22]. This can lead to dramatic loss of insulin secretion from pancreas which
in combination with stress induced cytokine storm could lead to a rapid metabolic deterioration causing
DKA or HHS.

Role of pancreatic damage: COVID-19 virus infects and replicates in cells of the human endocrine and
exocrine pancreas resulting in morphological, transcriptional, and functional changes, leading to
reduced numbers of insulin-secretory granules in p-cells and impaired glucose-stimulated insulin
secretion leading to de novo development of diabetes[23]. Several case reports of new-onset diabetes
have been reported in COVID-19 patients admitted to hospital[24]. In a population of 453 patients with
COVID-19, 94 were identified with new-onset diabetes and these individuals had the greater risk of all-
cause mortality compared with patients with known diabetes, hyperglycemia, and normal glucose.

Treatment related factors leading to hyperglycemia

Role of steroids: RECOVERY trial reported that dexamethasone significantly reduced the mortality risk
by 17% in hospitalized patients with COVID-19, by 18% in the subsets of patients who required
noninvasive oxygen therapy, and by 36% in the subsets of patients who required invasive mechanical
ventilation making it standard of treatment in these subsets of patients[25].

The metabolic effects of glucocorticoids on glucose metabolism are seen at numerous stages in the
insulin-signaling cascade. Glucocorticoids reduce peripheral glucose uptake at the level of the muscle
and adipose tissue[26]. Skeletal muscle is primarily responsible for the insulin-mediated capture of
postprandial glucose and corticosteroids can induce insulin resistance by interfering directly with
various components of the insulin signaling cascade[26,27]. Corticosteroids increase endogenous
glucose production by glycogenolysis and gluconeogenesis[28]. Glucocorticoids also inhibit the
production and secretion of insulin from pancreatic B-cells[29-31]. In adipose tissue, steroids are
responsible for increased lipolysis and subsequent accumulation of non-esterified fatty acids, which
interfere with insulin-induced glucose uptake. The liver plays a major role in the control of glucose
metabolism, maintaining fasting euglycemia. The abilities of glucocorticoids to induce hyperglycemia
depend on their dose and the duration of exposure[32].

Glycemic variability is highly debated for its potential role in the development of diabetic complic-
ations, glucocorticoid therapy represents a powerful trigger for glycemic excursions. Hydrocortisone
boluses administered in critically ill patients were associated with a higher glycemic and insulin rate
variability across all Acute Physiology and Chronic Health Evaluation (APACHE) II score grades,
irrespective of potential confounders, such as type of admission, body mass index, and age as well as a
previous diagnosis of diabetes[33].

Role of nutrition: Enteric and parenteral nutrition are frequently used in critically ill patients add rapid
or persistent glucose load leading to hyperglycemia[34-37].

Role of other therapies: Other therapies administered often in ICU patients such as catecholamines,
vasopressors, glucocorticoids and mineralocorticoids contribute to hyperglycemia mainly by
augmenting insulin resistance at peripheral tissues. Inmunomodulatory medications were shown to
have mixed effects on glycemic control[38-42].

Challenges in glycemic control

Optimal glycemic control in ICU is important for improved patient outcomes[43]. Patients with COVID-
19 and hyperglycemia are at higher risk of worse outcomes compared with those with normoglycemia
[44]. Acute hyperglycemia is associated with increased production of inflammatory cytokines and
oxidative stress[45] frequently called “Inflammatory storm”.

Hypoglycemia can produce the same effects as acute hyperglycemia and independently affects
mortality[46,47]. Sudden hyperglycemia as result of correcting hypoglycemia also leads to an enhan-
cement of inflammation. Treatment of hypoglycemia should be slow and acute iatrogenic hyper-
glycemia should be avoided by rightful choice of dextrose delivery[48].

There is enough literature available to indicate that glucose variability can contribute to worse of the
prognosis in ICU[47,49-51] even when glucose is kept in normal range[51]. Frequent fluctuations in
blood glucose are a known risk factor for oxidative stress and the release of inflammatory cytokines. So,
it seems advisable that glucose variability should be avoided[52]. Hyperglycemia interferes with the
efficacy of other COVID-19 treatments. Glucocorticoid treatment has been associated with improved
clinical outcomes in patients with COVID-19 but can induce and/or worsen hyperglycemia. In this case
keeping normoglycemia may be challenging[53]. There is enough evidence that Tocilizumab (TCZ) in
hyperglycemic patients failed to attenuate risk of severe outcomes of COVID-19 infection in both
diabetic and non-diabetic patients[54].

Patients who are on existing hypoglycemia therapies before hospitalization adds to complexity of
glucose management as well. Controlled diabetes before hospitalization as evidenced by low
Hemoglobin Alc is favorable in predicting the insulin dosing, avoiding hyperglycemic excursions.
Duration of therapeutic effects are shorter with agents like dipeptidyl-peptidase 4 inhibitors (DPP-4i),
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sodium-glucose-transporter-2 inhibitors (SGLT-2i), pioglitazone, alpha-glucosidase inhibitors,
metformin, and short-acting Glucagon-LikePeptide-1 Receptor Agonists (GLP-1RA) (exenatide and
lixisenatide). The duration of effects is longer with agents like long-acting insulins long-acting insulins,
GLP-1RA (dulaglutide, exenatide LA, liraglutide and semaglutide)[55]. Their action will add to that of
insulin used during the treatment in ICU and must be considered in choosing the insulin dose.

Sodium-glucose cotransporter 2 (SGLT2) inhibitors have been shown to significantly reduce
cardiovascular mortality and heart failure (HF) hospitalizations in patients with Type 2 diabetes
mellitus (T2DM). Given these cardiac benefits and the low incidence of adverse events, SGLT2 inhibitors
are strongly recommended as a treatment for HF, to slowdown the progression of chronic kidney
disease (CKD), to decrease atherosclerosis related cardiac events in patients with T2DM[55-57].
Therefore, it has become a class of drugs widely used in clinical practice. In 2015, the Food and Drug
Administration (FDA) warned that treatment with SGLT-2 inhibitors may increase the risk of EDKA
[58]. Since then, several scientific papers were published reporting the association between these drugs
and EDKA[59-61]. One third of COVID-19 patients reported gastrointestinal symptoms such as
diarrhea, loss of appetite, nausea, and vomiting resulting in volume depletion. Persistent glycosuria in a
subset of diabetic patients using SLGT2 inhibitors results in worsening of volume depletion. Insulin
resistance in COVID-19 patients causes lipolysis leading to ketosis and theoretically can precipitate
ketoacidosis[62]. The risk of mortality was four-fold higher in patients with T2D compared to
nondiabetic cohorts. Patients receiving incretin-based therapies (GLPL1 receptor agonist and DDP[14
inhibitor) had decreased risk of hospitalization, mortality and respiratory complications compared to
those patients not on these medications. A relative decrease in mortality was noted in patients when
DDP-4 inhibitors are continued upon admission compared with patients where these were discontinued
on admission[63].

Adequate hydration of the diabetic patient with COVID-19 is essential. Hyperhydration can induce
ARDS further worsening lung damage. Attention should also be paid to serum Potassium (K+) levels as
patients can be at major risk of hypokalemia, likely due to hyperaldosteronism associated with COVID-
19 infection. Insulin treatment may worsen hypokalemia if not corrected in time. Spironolactone
through its dual action as a mineralocorticoid receptor antagonist and an androgenic inhibitor, can help
reducing risk of pulmonary edema and ARDS in COVID-19. Its potassium-sparing action by
antagonizing mineralocorticoid receptors helps in minimizing the risk of hypokalemia during insulin
treatment[64].

TREATMENT OF HYPERGLYCEMIA

Glycemic targets

There is a paucity of literature on glycemic control among COVID-19 patients hospitalized with
hyperglycemia with or without diabetes. The limited literature suggests inadequate glycemia
management due to lack of established guidelines regarding the most appropriate management of
hyperglycemia in patients infected by COVID-19. Meanwhile, established guidelines in non-COVID
patients can be adopted with slight modifications to manage hyperglycemia in critical and noncritical
care settings to care of COVID-19 patients during this pandemic. Blood sugar goals in ICU have been an
active area of research and debate. Intensive glycemic control (80-110 mg/dL) compared to moderate
control (140-180 mg/dL) does not provide significant benefit and can be associated with increased harm
[65,66]. In many studies glucose levels above 180 mg/dL were associated with increased risk of hospital
complications. However, the lower limit for glycemia target is less well established and values greater
than 110 mg/dL are generally recommended to minimize the risks of hypoglycemia[67]. Clinical
guidelines recommend maintaining glucose levels between 140 and 180 mg/dL for most critically ill
patients[68] and more stringent goals of 110-140 mg/dL may be reasonable for selected patients if they
can be achieved without significant hypoglycemia[67-69]. However, blood glucose levels less than 200
mg/dL were also targeted in some patients with very labile and critical forms of disease, particularly
since most were also on continuous enteral or parenteral nutrition and thus in a constant postprandial
state[70].

Insulin therapy

Insulin is still the best glucose-lowering medication and recommended treatment for critically ill
patients with COVID-19. The primary goals of a safe and effective insulin regimen include reducing
contact frequency of health care workers with patient, reducing glucose variability, minimize risk of
hypoglycemia, and optimal glycemic control[71]. There is no ideal protocol for the management of
hyperglycemia in the critically ill patient and there is no clear evidence demonstrating the benefit of one
protocol/algorithm vs any other. The implementation of any of these algorithms is prone to human
errors and their success is greatly dependent on nursing education, clarity, and ease of understanding of
instructions. To avoid errors in dosing, some institutions have adopted validated computerized
protocols aiming to direct the nursing staff to adjust the insulin infusion rate[72,73]. Most important
elements that increase success of any protocol using continuous insulin infusion are the rate adjustment

WJCCM | https://www.wjgnet.com 222 July 9,2022 | Volumell | Issue4 |



Jaishideng®

Kethireddy R et al. Hyperglycemia in COVID-19

that considers the current and previous glucose value and the current rate of insulin infusion; rate
adjustment that considers the rate of change from the previous reading, and frequency of glucose
monitoring.

Hemodynamically unstable patients on vasopressors; those receiving parenteral nutrition, enteral
nutrition with frequent rate adjustments; those on high-dose steroids; those in diabetic ketoacidosis or
hyperosmolar hyperglycemic state will need intravenous insulin infusion and will need hourly blood
glucose monitoring. For hemodynamically stable patients who are not meeting the above criteria;
patients with stable insulin requirements (including those on enteral feeding); subcutaneous basal
insulin regimens (standard basal-bolus, basal-bolus-correction, or basal-correction) can be used. The
blood sugar testing can be every 4-6 h in this cohort of patients.

Once the patient is clinically stable, intravenous insulin can be transitioned to subcutaneous adminis-
tration. Initial dose of subcutaneous insulin is usually 60-80% of intravenous insulin needed in previous
24 h. Overlap between intravenous and subcutaneous insulin is advised usually for 2-3 h to reduce risk
of rebound hyperglycemia[74,75].

The degree of hyperglycemia and insulin resistance were associated with rapid elevations of inflam-
matory markers (high sensitivity CRP, Interleukin-6, procalcitonin, and D-dimers etc.,). Some
institutions developed predictive algorithms based on artificial intelligence to predict the glucose values
corresponding to changes in inflammatory marker levels. This allows timely dosing of insulin to
prevent extreme blood glucose fluctuations[71,76].

The literature related to treatment of corticosteroid induced hyperglycemia is limited. The hyper-
glycemic effect of dexamethasone lasts up to 48 h and can be treated with addition of long-acting insulin
preparations like glargine or detemir whose glucose lowering effect can last longer than 24 h[77,78].
Similarly, hyperglycemic peak of methylprednisolone develops after 4-6 h of administration. Insulin-
neutral protamine Hagedorn (NPH) can be used as correctional insulin to target peak blood glucose
elevation with methylprednisolone as the timeline of peak blood glucose elevation from methylpred-
nisolone coincide with timeline of peak action of NPH insulin[79]. Therefore, clinicians who choose
systemic corticosteroid treatment for their patients with COVID-19 should anticipate the occurrence of
hyperglycemia and manage it based on the glycemic profile of the systemic corticosteroid. Addition of
NPH insulin in the morning in addition to the existing insulin regimen can help with better glycemic
control in setting of steroid use[71].

Protecting healthcare providers

Protecting healthcare providers is also an important part of taking care of COVID-19 patients.
Caregivers must use appropriate personal protective equipment (PPE) while facing procurement
challenges due to nationwide shortage of PPE. Every attempt should be made to minimize unnecessary
contact with patients while not compromising on care. Bundling cares including glucose checks, therapy
sessions, patient repositioning can reduce frequent healthcare personnel exposure. Intravenous drips
that require frequent titration like insulin can be managed from outside the patient room through long
tubing.

Finally, consideration should be given to changing how we measure blood glucose levels in the
critically ill patient. For patients on intravenous insulin infusion, blood sugar monitoring recommended
every 1-2 h, while those on subcutaneous insulin regimen, monitoring can be spaced every 4-6 h.
Patients can also participate in f self-glucose checks through devices approved by FDA[80].

US FDA approved 2 continuous glucose monitors (CGM)--the Optiscanner 5000 and the GlucoScout--
for remote glucose monitoring in hospitalized patients, but they are not commonly used. On April 8,
2020, FDA has excised “enforcement discretion” and temporarily sanctioned off label use and put out
guidance on the potential use of CGM (Dexcom/ Abbott FreeStyle Libre) in the hospital (but not for use
in critically ill) during the current pandemic. In addition, studies based on use of CGM technology in
hospitalized patients prior to COVID-19 pandemic have shown that several potential circumstances
(both patient and management related) in the intensive care unit (e.g., MRI, use of vasoactive agents,
acidosis, anasarca, dehydration, peripheral edema, hypotension, and dialysis) require careful use of this
technology as they can negatively impact the accuracy of blood glucose monitoring. Hybrid models
utilizing both point of care blood sugar testing and CGM a few times a day may be indicated in these
situations to ensure readings are valid[81]. Published literature regarding the use of CGM in ICU
patients with COVID-19 is limited[82].

CONCLUSION

Hyperglycemia is common and is associated with worse outcomes in COVID-19 patients admitted to
ICU. The mechanism of hyperglycemia is explained by infection and treatment related factors.
Established guidelines can be used as a roadmap but need to be tailored for individual patient needs.
Though most current guidelines recommend targeting blood glucose levels < 180 mg/dL in critically ill
patients, a target glucose range of 110-180 mg/ dL is acceptable when tailored to individual patient
characteristics and clinical situation. Insulin is still the best glucose-lowering medication and should be
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a treatment of choice for critically ill patients with COVID-19. Intravenous insulin infusion and
subcutaneous basal insulin regimens (standard basal-bolus, basal-bolus-correction, or basal-correction)
are the preferred for glycemic control hospitalized patients in critical and noncritical settings
respectively. Bundling the glucose checks together with other nursing and therapist activities will
minimize patient contact of health care workers and help to conserve PPE. Published literature
regarding the use of CGM in ICU patients with COVID-19 is limited.
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Abstract

The cholinergic anti-inflammatory pathway (CAP) refers to the anti-inflammatory
effects mediated by the parasympathetic nervous system. Existence of this path-
way was first demonstrated when acetylcholinesterase inhibitors showed benefits
in animal models of sepsis. CAP functions via the vagus nerve. The systemic anti-
inflammatory effects of CAP converges on the o7 nicotinic acetylcholine receptor
on splenic macrophages, leading to suppression of pro-inflammatory cytokines
and simultaneous stimulation of anti-inflammatory cytokines, including
interleukin 10. CAP offers a novel mechanism to mitigate inflammation. Electrical
vagal nerve stimulation has shown benefits in patients suffering from rheumatoid
arthritis. Direct agonists like nicotine and GTS-1 have also demonstrated anti-
inflammatory properties in models of sepsis and acute respiratory distress
syndrome, as have acetylcholinesterase inhibitors like Galantamine and
Physostigmine. Experience with coronavirus disease 2019 (COVID-19) induced
acute respiratory distress syndrome indicates that immunomodulators have a
protective role in patient outcomes. Dexamethasone is the only medication
currently in use that has shown to improve clinical outcomes. This is likely due to
the suppression of what is referred to as a cytokine storm, which is implicated in
the lethality of viral pneumonia. Nicotine transdermal patch activates CAP and
harvests its anti-inflammatory potential by means of an easily administered depot
delivery mechanism. It could prove to be a promising, safe and inexpensive
additional tool in the currently limited armamentarium at our disposal for
management of COVID-19 induced acute hypoxic respiratory failure.

Key Words: COVID-19; Acute respiratory distress syndrome; Medicinal nicotine;
Cholinergic anti-inflammatory pathway; Corticosteroid
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Core Tip: Cholinergic anti-inflammatory pathway is novel pathway of the inflammatory reflex. Activation
of this pathway can suppress maladaptive inflammatory response seen in coronavirus disease 2019
(COVID-19) acute respiratory distress syndrome (ARDS). Nicotine is a potent activator of this pathway
and may offer benefits in the management of COVID-19 ARDS, via immune suppressive effects similar to
dexamethasone.
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INTRODUCTION

A dramatic inflammatory response is a common manifestation of severe coronavirus disease 2019
(COVID-19) infection[1]. The purpose of such an inflammatory surge, under normal conditions, is to
allow the body to attack, constrain, and kill invading organisms. However, that same inflammatory
cascade has negative downstream consequences which can cause direct damage to the host.

Sepsis is the consequence of this hyperactive immune state, most commonly due to a poorly
controlled infection or significant tissue injury[2]. The unbalanced immune reaction perpetuates further
injury. Neutrophils are recruited and infiltrate the lungs where they undergo apoptosis, further causing
tissue damage leading to the development of shock and acute respiratory distress syndrome (ARDS)[3].
These cells and the molecules they release are a potent force designed to neutralise pathogens, but cause
significant collateral damage in the process. Another casualty of this inflammatory dysregulation is
vasodilatation and microvascular thrombi that lead to poor tissue perfusion, further perpetuating the
cycle of destruction. This self-perpetuating cycle of tissue damage and release of pro-inflammatory
cytokines[4,5] causes further dysregulation of the immune system.

Cytokine is a term given to molecules that carry out inflammatory responses of the immune system,
each having their respective receptors distributed across the body. They orchestrate most, if not all, of
the consequences of sepsis. This phenomenon is now dubbed a “cytokine storm’[6] and has been partic-
ularly devastating in the current pandemic of COVID-19 infection[7,8].

In recent years many immune modulators have been administered to mitigate sepsis and shock but
with limited success in changing the disease course, morbidity, and mortality outcomes. Tocilizumab
was used widely during the initial phase of the COVID-19 pandemic in ICUs across the world. But it
failed to demonstrate mortality benefits[9]. The reason could partly be explained by the fact that it has a
narrow scope of action, only blocking the interleukin (IL)-6 receptor. Upregulation of alternate
pathways of inflammation likely are at play. A mechanism to reduce the global immune response is
required to suppress collectively the molecules perpetuating inflammation. Corticosteroids are touted as
one of the strongest tools in our arsenal to achieve such a goal. Dexamethasone is the only drug we have
at our disposal that has shown mortality benefits during the COVID-19 pandemic[10]. Although
corticosteroids are considered to globally suppress inflammation, patients are still succumbing to this
coronavirus infection despite high doses administered over several days. Other medications for global
suppression of inflammation are needed.

One potential pathway that may hold promise in achieving global suppression of the immune system
is the cholinergic anti-inflammatory pathway (CAP). CAP is a component of the inflammatory reflex,
mediated by the cholinergic nervous system and augmenting its tone has been shown to decrease
inflammation in both human and animal models. The first evidence of the cholinergic system having
immunomodulatory properties dates back to 1987. Zabrodskii[11] showed that Armin, an irreversible
acetylcholinesterase inhibitor reduces mortality in animal models of sepsis. It was first recognized in
humans when patients with Rheumatoid Arthritis and drug-resistant epilepsy underwent Vagal Nerve
stimulation to ameliorate their recurrent seizures. After initiation of Vagal Nerve stimulation, patients
incidentally reported improvement in joint pains[12].

INFLAMMATORY REFLEX

The inflammatory reflex[13] is a central nervous system mediated reflex arc that modulates the immune
system. Like other prototypical reflexes, it has an incoming and outgoing arm. Instead of a sensory
input that begets a motor response, this circuit senses inflammation and responds with appropriate
inflammatory inhibition to reestablish homeostasis. The afferent arm is activated by the products of
sterile or infectious inflammation.
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The efferent arm is termed the CAP which, through diverse mechanisms, suppresses inflammation
[14]. Both the afferent and efferent limbs of the reflex are transmitted predominantly by the vagus
nerves. Tracey KJ team[15,16] has conducted extensive research in the potential therapeutic application
of vagal stimulation in modulating the immune system, thereby providing initial major contributions to
mapping this pathway (Figure 1)[17,18].

THE AFFERENT LIMB

We are more familiar with the afferent limb of this pathway[19], which plays a role in triggering the
mammalian febrile response. Disrupting the afferent arm, for example with a subdiaphragmatic
vagotomy, prevented IL-1f induced fever in mice[20]. The afferent limb is activated by pro-inflam-
matory cytokines like tumor necrosis factor-a (TNF-a) and IL-1f, neuropeptide Y and prostaglandins.
Vagal fibers innervating visceral organs like the lungs and gastrointestinal tract demonstrate sensitivity
to IL-1B. Furthermore, the nodose ganglion expresses Toll-like receptors[18] which are directly
stimulated by pathogen associated molecular patterns such as those found on bacterial cell walls[21].
Area postrema directly expresses proinflammatory cytokine receptors[22]. The afferent limb converges
on the nucleus tractus solitarius (NTS), the primary central vagal afferent nucleus. Interneurons connect
the NTS to the dorsal motor nucleus of vagus (DMV), which are the primary efferent nuclei of the vagus
nerve (Figure 2).

THE EFFERENT LIMB/CAP

The systemic anti-inflammatory effects of CAP are thought to exert its effects via the spleen[23,24]. The
efferent limb originates at the DMV, the motor nuclei of the vagus nerve. Motor signals are transmitted
via cholinergic fibers down the vagus nerve to mount an anti-inflammatory response, reestablishing
homeostasis. The vagus nerve does not directly innervate the spleen like it does with other visceral
organs such as the heart, intestines and liver. So to realize a response from splenic lymphocytes and
macrophages, the splenic nerve functions as an intermediary. The efferent pathway is as follows:
Cholinergic fibers from the vagus nerve innervate the celiac ganglion; Noradrenergic neurons from the
celiac ganglion, via the splenic nerve, innervate the spleen, and by releasing norepinephrine stimulate B
-2 adrenergic receptors on choline-acetyltransferase positive T cells that reside in the spleen; Activation
of the B-2 adrenergic receptors with norepinephrine induces the release of acetylcholine (ACh) from
these splenic T cells; ACh then activates a-7 nicotinic acetylcholinergic receptor (a7nAChr) on the
splenic macrophages; Activation of a7nAChr causes downstream inhibition of the NF-Kappa B pathway
and subsequent suppression of pro-inflammatory cytokines. It also induces the release of anti-inflam-
matory molecules by activating the JAK2-STAT3 pathway[13,14].

Iatrogenic activation of the efferent limb of the inflammatory reflex, irrespective of the modality, has
demonstrated anti-inflammatory effects in diverse pathological conditions[15] (Figure 3).

HARVESTING THE POTENTIAL OF CAP

Augmenting the CAP offers an effective tool in controlling maladaptive inflammatory responses[25,26].
Modulating the cholinergic tone, irrespective of the modality used, has been shown to suppress inflam-
mation[27]. Direct electrical stimulation of the vagus nerve aims to trigger an action potential that
consequently activate this pathway downstream. Vagal nerve stimulation has been shown to suppress
inflammation and decrease serum levels of TNF, IL-1p and IL-6[28-32]. Pharmacological modalities to
increase the activity of CAP have also yielded similar results. Direct agonists of a7nAChr like the
pharmacological agent nicotine have demonstrated anti-inflammatory properties[33-39]. Ongoing trials
using GTS-1, a specific a7nAChr agonist, are being conducted in human models of sepsis[40,41].
Another feasible pharmacological strategy is to use inhibitors of acetylcholinesterase to delay degra-
dation of ACh and, thus, enhance the tone of this pathway[42-47]. It must be noted that acetylcholin-
esterase inhibitors require a functional vagal pathway and fail to demonstrate anti-inflammatory effects
in vagotomized animals[43].

Practical modalities for bedside manipulation of CAP is limited. Vagal nerve stimulation has limited
feasibility for critically ill septic patients. GTS-1, an a7nAChr agonist, is in an experimental phase
acetylcholinesterase inhibitors like physostigmine increase cholinergic tone systemically and cause
undesirable muscarinic side effects. That currently leaves nicotine as the only feasible and medically
available potentiator of CAP as an agonist of a7nAChr. As such, it has demonstrated anti-inflammatory
properties in ulcerative colitis and models of human sepsis[33,34].
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Figure 1 The inflammatory reflex. The above graphic demonstrates the inflammatory reflex. The afferent limb is activated by pro-inflammatory cytokines like
tumor necrosis factor and interleukin 1Bor by pathogen-associated molecular patterns via Toll-like receptors. The afferent limb connects to the nucleus tractus
solitarius (NTS), the primary vagal afferent nuclei. The mammalian febrile response is initiated at the NTS. Interneurons connect NTS to dorsal motor nucleus of
vagus (DMV) incoming signals. The DMV is the primary efferent nuclei of the vagus nerve. This efferent signal initiates an anti-inflammatory effect, reestablishing
homeostasis. PAMPS: pathogen-associated molecular patterns.
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Figure 2 Afferent limb of the inflammatory reflex. This figure demonstrates the mechanisms by which the vagus nerve senses inflammation. Vagal sensory
neurons directly express receptors for various pro-inflammatory cytokines such as, tumor necrosis factor, interleukin 1B, neuropeptide Y and prostaglandins. Vagal
fibers innervating the lymphatic system demonstrate sensitivity to interleukin-1p. In addition, the nodose ganglion has been shown to express Toll-like receptors. Area
postrema directly expresses proinflammatory cytokine receptors[22]. The signal is transmitted via the vagal afferents to the bilateral nucleus tractus solitarius, the
primary vagal afferent nucleus[19].
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NICOTINE

Humans have been using nicotine since prehistoric times[49], mostly in the form of tobacco. Even
though it is widely acknowledged that smoking or chewing tobacco is unequivocally injurious to health,
nicotine by itself has not been shown to be harmful. Medicinal nicotine has demonstrated potent anti-
inflammatory properties while being safe and possessing a low side-effect profile in short term adminis-
tration. Nicotine administration in animal models of ARDS and sepsis have shown improved survival
with lower serum inflammatory markers and reduced migration of neutrophils[36-38]. Human models
of lipopolysaccharide (LPS) induced sepsis show faster resolution of sepsis[33]. Nicotine has also shown
anti-inflammatory effects in patients with ulcerative colitis[34,35].

Nicotine patches are well suited as a modality for increasing nicotinic cholinergic receptor activity,
and possess the following advantages: Nicotine does not have any underlying muscarinic effects and,
therefore, lack concerns of increasing airway secretions that occur with acetylcholinesterase inhibitors
like galantamine or physostigmine; Using a nicotine patch achieves therapeutic levels of nicotine in the
blood within 4-6 h, offering a rapid drug onset profile[50]; The active drug nicotine has a short half-life
of 2 h. Its metabolite, cotinine, has minimal biological activity[51]. This allows for rapid withdrawal of
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Figure 3 Efferent limb of the inflammatory reflex. Signal from the dorsal nuclei of vagus is transmitted via cholinergic fibers of the vagus nerve to the celiac
ganglion. Noradrenergic neurons from the celiac ganglion via the splenic nerve innervate the spleen. Choline-acetyltransferase positive T cells that reside in the
spleen express -2 adrenergic receptors. Activation of this receptor causes the release of Acetylcholine which binds to the a-7 nicotinic acetylcholinergic receptor on
splenic macrophages causing the inhibition of NF-kappa 3 pathway and upregulation of STAT3, ultimately suppressing inflammation[16,23].
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treatment if necessary. Most acetylcholinesterase inhibitors have a much longer half-life; The depot
mechanism of drug delivery for the nicotine patch allows for a rapid onset, prolonged drug delivery
during the duration of application, with a quick withdrawal time; The 24-h depot administration avoids
repeated administrations and minimized nursing exposure for delivery of the medication; Ease of
administration; Nicotine transdermal patches are widely used as clinical medication for nicotine
replacement therapy in both the hospital and outpatient settings; There are minimal drug-drug
interactions[52].

IN-HOSPITAL SAFETY DATA ON NICOTINE REPLACEMENT THERAPY

The data on the safety of nicotine on non-smoking patients in an inpatient setting is limited.

Safety data on current or former smokers receiving nicotine replacement therapy in ICU settings and
hospital settings fail to demonstrate an increase in adverse events[53-58]. Potential side effects of
medicinal nicotine administration are few. They may include hypertension and tachyarrhythmias. Rash
at the site of the nicotine patch application has been described. Patients with end stage renal disease

have a decreased rate of nicotine metabolism so the safety profile for patients on dialysis is uncertain[59,
60].

CONCLUSION

The current ongoing pandemic of severe acute respiratory syndrome coronavirus 2 proves a new
challenge for the medical community. Owing to the tremendous ingenuity and grit demonstrated by
teams across the globe, we now have several promising vaccines which demonstrate remarkable
efficacy. However, we are yet to develop a similarly promising tool for management of severe infection
which is still very prevalent. Consequently, patients continue to succumb in ICUs across the world to
the COVID-19 acute hypoxic respiratory failure and septic shock. Several touted treatment modalities
during this pandemic have emerged only to quickly fall out of favour due to lack of documented
benefit, including Hydroxychloroquine, Tocilizumab, and transfusion of convalescent plasma.
Management for COVID-19 pneumonia, at present, comprises two parallel approaches. Remdesivir or
other upcoming potential antivirals, to control viral replication and immunomodulators like
dexamethasone to control the maladaptive immune response. Dexamethasone has shown utility in
reducing mortality in patients with COVID-19 induced acute hypoxic respiratory failure. However,
despite its use early in the course of the disease, many still deteriorate, requiring increased levels of
oxygen support or even mechanical ventilation. Patients continue to die even with dexamethasone as
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part of their pharmacological regimen. Better modalities are needed to further improve patient
outcomes. The hope is bringing to the attention of the medical community a fairly well studied, yet
paradoxically unknown pathway of global immune modulation.

CAP is a part of a neural reflex termed the inflammatory reflex. It plays a central role in the neural
control of inflammation. Inflammatory reflex has an afferent limb that senses systemic inflammation via
the vagus nerve. This signal is relayed to the NTS, the sensory vagal nucleus in the central nervous
system. Interneurons then communicate to the DMV, which is the primary motor nucleus of the vagus
nerve. The efferent limb of the inflammatory reflex originates from the DMV via motor vagal fibers and
trigger various anti-inflammatory mechanisms, reestablishing homeostasis. The systemic anti-inflam-
matory effects of CAP is thought to be due to suppression of pro-inflammatory cytokines from splenic
macrophages. Nicotinic ACh receptors on these splenic macrophages are the point of convergence of
this pathway’s systemic anti-inflammatory effect. This translates to survival benefits with lower levels of
serum TNF-q, and IL-6, along with reduced migration of neutrophils in models of sepsis. The potential
of augmenting this pathway to mitigate inflammation has been demonstrated in several animal and
human studies.

Nicotine is a commonly used molecule that is a potent activator of a7nAChr, with demonstrated anti-
inflammatory effects. Animal models of sepsis show improved survival with nicotine administration.
Nicotine patch has been studied in the human model of LPS induced sepsis and demonstrated faster
resolution of inflammation compared to controls. Nicotine transdermal patch has been used for decades
as a means of nicotine delivery for nicotine replacement therapy in active tobacco users and has
demonstrated a favorable safety profile. Thus, nicotine transdermal patch may offer a readily available
tool with significant benefit-to-risk ratio in the setting of COVID-19 induced acute hypoxic respiratory
failure.

With patients suffering daily across the globe with COVID ARDS, there is little downside to the
administration of this relatively inexpensive, widely available medication with a high safety. There is
presently a lack of literature regarding the use of nicotine in COVID-19 ARDS patients and it must be
further studied first before being applied routinely.
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Abstract

Mortality is a well-established patient-important outcome in critical care studies. In contrast,
morbidity is less uniformly reported (given the myriad of critical care illnesses and complications
of each) but may have a common end-impact on a patient’s functional capacity and health-related
quality-of-life (HRQoL). Survival with a poor quality-of-life may not be acceptable depending on
individual patient values and preferences. Hence, as mortality decreases within critical care, it
becomes increasingly important to measure intensive care unit (ICU) survivor HRQoL. HRQoL
measurements with a preference-based scoring algorithm can be converted into health utilities on
a scale anchored at 0 (representing death) and 1 (representing full health). They can be combined
with survival to calculate quality-adjusted life-years (QALY), which are one of the most widely
used methods of combining morbidity and mortality into a composite outcome. Although QALYs
have been use for health-technology assessment decision-making, an emerging and novel role
would be to inform clinical decision-making for patients, families and healthcare providers about
what expected HRQoL may be during and after ICU care. Critical care randomized control trials
(RCTs) have not routinely measured or reported HRQoL (until more recently), likely due to
incapacity of some patients to participate in patient-reported outcome measures. Further
differences in HRQoL measurement tools can lead to non-comparable values. To this end, we
propose the validation of a gold-standard HRQoL tool in critical care, specifically the EQ-5D-5L.
Both combined health-utility and mortality (disaggregated) and QALYs (aggregated) can be
reported, with disaggregation allowing for determination of which components are the main
drivers of the QALY outcome. Increased use of HRQoL, health-utility, and QALYs in critical care
RCTs has the potential to: (1) Increase the likelihood of finding important effects if they exist; (2)
improve research efficiency; and (3) help inform optimal management of critically ill patients
allowing for decision-making about their HRQoL, in additional to traditional health-technology
assessments.

Key Words: Critical care; health-related quality of life; Quality-adjusted life-years; Health-utility; Mortality;
Morbidity; Kaplan-Meier curves

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Health-related quality-of-life and health-utility are patient-important outcome measures that rival
even mortality. The purpose of the paper is to outline the steps required for wider adoption of health-
related quality-of-life measures in critical care, and what benefits this measurement will yield.
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INTRODUCTION

Mortality is a well-established, patient-important outcome used in critical care trials[1,2], which has
many attractive features for use in clinical research. Mortality is a commonly occurring, unambiguous,
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dichotomous event, whose adjudication is less susceptible to bias. Unfortunately, most randomized
controlled trials (RCTs) in critical care have failed to demonstrate consistent effects or improvements on
mortality across a host of intensive care unit (ICU) interventions[3] potentially due to: (1) Under-
powering from decreasing mortality over time[4]; (2) heterogeneity of treatment effects[5]; or (3)
ineffective treatments. Moreover, mortality is associated with limitations relevant to critical care
research. The larger sample sizes required to adequately power studies make clinical trials less feasible
and much more expensive to conduct. Mortality is not plausibly affected by certain interventions, and
thus is not always the most appropriate endpoint. Finally, mortality is not the only patient-important
outcome. Some patients may survive to have a poor health-related quality of life (HRQoL)[1,2,6], which
may be unacceptable depending on their individual values and preferences. There is potential to
challenge conventional research paradigms, and explore patient-centered outcomes beyond mortality
for critical care trials. This may include secondary outcomes of interest, of which morbidity and
functional outcomes are important.

Morbidity may be an intuitive alternative to mortality, but has unique challenges for research.
Despite certain benefits of measuring morbidity (e.g. describes patient’s complications and potential
suffering from those illnesses), it is less uniformly reported. With large variations in outcomes and
complications, this results in a myriad of reported morbidity outcomes[1,2]. There is often a lack of
common outcomes and standardization between studies[7], especially for different disease states and
illnesses.

With carefully developed, defined, patient-centered outcomes like HRQoL and functional status,
morbidity can better represent diverse illnesses and outcomes across critical care populations. Initiatives
are being developed for critical care core outcome sets, which could include HRQoL[8]. It is important
that we listen to our patients and their health proxies by capturing patient-centered values and self-
reported HRQoL, whenever possible[9]. With a growing populace of ICU survivors, HRQoL and
morbidity outcomes become increasingly important to measure and optimize in order to characterize
the health states in which ICU patients survive[l]. However, we must address specific barriers and
challenges to measuring HRQoL in the critical care population.

To this end, we present an overview of HRQoL, health-utility and QALYs, their specific applications,
and unique challenges of its use in the critical care population. Furthermore, we present unique
opportunities for HRQoL and health-utility research in the critical care population, which may include:
(1) end-of-life decision-making and low-utility states, which may only be realized in critically ill
patients; and (2) increased use of proxy measurements (e.g. substitute decision-makers) given that some
patients may lack the capacity to participate in their reported outcomes. We present these issues not
merely as responses to the technical challenges of measurement and application in critical care, but as a
research imperative to paradigm shift in how we report and measure HRQoL and other patient-
important outcomes in critically ill patients.

OVERVIEW: MORBIDITY AS HEALTH-RELATED QUALITY-OF-LIFE, HEALTH-UTILITY,
AND QALYS

Health-related quality-of-life (HRQoL) is “an individual’s or a group’s perceived physical and mental
health over time”[10]. Another definition states that HRQoL is a “multi-dimensional concept that
includes domains related to physical, mental, emotional, and social functioning...[which] goes beyond
direct measures of population health, life expectancy, and causes of death, and focuses on the impact
health status has on quality-of-life.”

A health state can be used to describe HRQoL. Health states can be assigned preference weights and
described as a health-utility value. In contrast to HRQoL, which describes one’s overall health qualit-
atively, a health-utility value seeks quantify HRQoL as a number, anchored to zero (representing death)
to one (representing perfect health) [11]. However, health states less than zero can also be reported (e.g.
“states worse than death”).

Various tools can be used ascertain HRQoL and health-utility values. These include direct methods (
e.g. standard gamble, time-trade off) or indirect methods using HRQoL population-derived preference
based utility scales (e.g. Health Utility Index Mark 3, Short Form-6D, EQ-5D). These health-utility scores
can be leveraged to calculate quality-adjusted life-years.

The quality-adjusted life-year (QALY) is measured as a function of length of life (mortality) and time
spent in a health-related quality-of-life state (morbidity), and combines the value of these attributes into
a single index number[12]. Essentially, the QALY represents “time alive, scaled to reflect health state
desirability...and individual values and preferences[9],” where a year in the hypothetical state of
“perfect health” is worth one QALY. The QALY can be useful as a standard measure of health states
across diverse treatments and settings, as it transforms different illnesses and their severity into a
common physical and mental description of their health state. This allows comparisons to be made with
a common denominator of QALYs[13]. For these reasons, the QALY is recommended as a measure of
health outcomes for economic evaluations[2,12-16].
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Despite criticisms (e.g. bias against elderly, against those with physical/mental disabilities)[13,17],
QALYs remain widely used and are well-validated composite outcome measures for chronic health
conditions (e.g. chronic obstructive pulmonary disease, congestive heart failure)[1,2]. QALYs can be
estimated with an indirect generic preference-based health utility measure, making it patient-centered,
with values and preferences for health states incorporated into its calculation[1].

For these reasons, we propose that HRQoL, health-utility and QALYs, rather than mortality alone,
should be measured as an important secondary outcome in critical care research. For this incorporation
to take place, critical care trialists must first measure HRQoL, which not currently routinely performed.

HISTORY OF EXISTING HEALTH-RELATED QUALITY-OF-LIFE MEASUREMENT TOOLS
IN CRITICAL CARE

Critical care studies have not routinely measured HRQoL compared to mortality, likely due to: (1) The
incapacitated status of patients; and (2) the time-consuming nature of certain pre-existing measurement
tools.

There are two main methods of utility- or preference-based HRQoL measurement. The first are direct
HRQoL measurement methods such as the standard gamble, time trade-off, visual analog scale (VAS),
and discrete choice experiments[18]. Unfortunately, some of these methods are time-consuming,
complex, and thus not always feasible in all studies[18].

The second group of methods are indirect HRQoL measurement tools, which utilize population-
based preferences onto a health-utility scale indirectly via a generic utility-based HRQoL questionnaire
[18]. These tools are derived from the general population, representing that society’s values. Commonly
used generic instruments include the Short Form [SF]-36 or SF-6D[19], Health Utility Index mark 3
[HUI3][20], and the EQ-5D (Table 1)[21,22], and have been used prior in critical care studies[2].

The Short Form-36 is a proprietary, 36-item, 5-page questionnaire evaluating 10 comprehensive
domains: physical functioning, physical role limitations, bodily pain, general health perceptions,
energy/ vitality, social functioning, emotion role limitations and mental health[19]. The SF-36 is time-
consuming to complete, and some patients may have difficulty completing the entire questionnaire[23].
Although Chrispin et al[24] observed there was acceptability and reliability of the SF-36 when used in
the ICU, they did not assess or formally validate the SF-36 against any other ICU-based HRQoL tools or
illness severity scores. The SF-36 was used to derive the SF-6D (a utility-based instrument), using a
subset of items/dimensions from the SF-36, which are occasionally used in critical care populations[25-
27].

The HUIS3, is an 8-item, 3-page questionnaire, which evaluates 8 domains: vision, hearing, speech,
ambulation, dexterity, emotion, cognition. The HUI3 has not been widely used given the higher cost and
proprietary licensing[20]. Although less cumbersome than the SF-36, both instruments require specific
training to administer and complete.

EQ-5D DESCRIPTION, USES, CONVERSION TO HEALTH-UTILITY AND QALYS

The most commonly used indirect method in critical care cost-utility analyses is the EQ-5D[2,18,21]. The
instrument is a 5-item, 3 or 5-level Likert scale with a built-in global health VAS for self-reporting
health-utility built in its design. The 5 domains evaluated include: Mobility, self-care, usual activities,
pain/discomfort, anxiety/depression[14,21,28-31]. Many of these domains are similar to Activities of
Daily Living (ADLs)[1,2,28,29] and instrumental activities of daily living (IADLs)[32], which assess
function within the patient-important context of how individuals live and work. These ADLs and IADLs
are commonly assessed in critically ill patients[33,34], demonstrating the relevance and feasibility of
using the EQ-5D in this setting. EQ-5D is shorter and easier to use than the SF-36 and HUI3, with only 5
fundamental patient-important HRQoL outcomes. In response, other HRQoL scales, such as the SF-36
have created shorter versions (e.g. SF-6D, efc.). The EQ-5D also has advantages over other HRQoL tools,
including: (1) Coverage to low health-utilities, including less than zero (1); (2) no licensing fee for non-
commercial use; (3) a built-in VAS for self-rating a patient’s health status; (4) a large number of versions
and language translations; and (5) many country-specific population preference scoring systems to
support cost-utility analyses[1,2,18].

Differences between HRQoL tools (e.g. EQ-5D vs SF) can also lead to scoring of different health-utility
values for the same health state in the same patient, with each tool giving a slightly different result. The
EQ-5D has been shown to have greater coverage at low health-utility states[1,2,29], which makes it a
potentially useful HRQoL tool for use in critical care, as low health-utilities may be expected in this
patient population as some are close to end-of-life. Despite being used in the ICU[25,26,35], there is no
gold standard HRQoL measurement tool for use in the critical care setting, and none have been
rigorously validated in the critically ill population[2]. At present, the EQ-5D is the most promising tool
for HRQoL measurement, which merits focused evaluation in critical care.
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Table 1 Indirect methods for measuring patient-based preferences mapped on a health-utility scale via a generic health-related quality-

of-life questionnaire

Range of
Utili . . o Levels and Tariff weightin . health-
ty Questionnaire description L ghting Information o
measurement health states acquisition utility
scores
European quality ~ Five dimensions (mobility; self-care; usual 5 levels; 3125 Sample of European general ~ Mostly used in -0.59 to
of life five activities; pain/discomfort; health states population (n = 3395); time continental Europe and 1.00
dimensions (EQ- anxiety/depression) trade off valuation; the United Kingdom
5D) hypothetical scenarios
Short Form-36 (SF- Ten physical (physical function, physical ~ 4-6 levels; Sample of United Kingdom  Shorter versions 0.30 to
36) role limitations, bodily pain, general approximately general population (n = 611); available and 1.00
health perceptions, energy/vitality) and 18000 health standard gamble valuation;  applicable to SF-12 and
mental health (social functioning, states hypothetical scenarios SF-6D
emotional role limitations and mental
health) dimensions
Health utilities Eight dimensions (vision; hearing; speech; 5-6 levels; Representative sample of Closely related -0.36 to
index mark 3 ambulation; dexterity; emotion; cognition; approximately adults in Ontario, Canada (n  adaptation of HUI-2, 1.00
(HUI-3) pain) 972000 health = 504); visual analogue scale ~ with a more detailed
states transformed into standard descriptive system;
gamble; hypothetical mostly used in Canada

scenarios

EQ-5D: EuroQoL-5 domains; HUI: Health utility index mark; ICU: Intensive care unit; QALY: Quality-adjusted life year; QoL: Quality of life; SF-12: Short
form-12; SF-36: Short form-36; SF-6D: Short form-6 domains.
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Once measured, EQ-5D HRQoL measurements can be used in variety of ways. First, clinicians and
researchers can use the EQ-5D-5L"s Likert-scale scores at face value, to determine what a patient’s health
state is for the five domains[21,29-31]. This may inform the management plan for individual patients,
such as referral to consulting services, such as physiotherapy or occupational therapy for physical
domains, or psychiatry for mental health domains. Second, the EQ-5D HRQoL measurements can be
converted into health-utility index score using a jurisdictional-specific algorithms, such as the validated
time-trade off based scoring from the general Canadian population[36]. The Canadian scoring algorithm
for the EQ-5D index utilizes population-based health-utility preferences which go from -0.59 to 1.0[18,
36], whereby it can describe health states which patients consider to be “states worse than death”[2,18].
The index score can then be used to calculate the QALY, which is an aggregate measure of global health
rating (health-utility) multiplied by the duration of time spent in that health state. The EQ-5D has
become the most widely used and validated methods of combining morbidity and mortality into
QALYs in medicine for a composite outcome|[1,2].

HEALTH-UTILITY REPORTING ON SAME GRAPHS AS ESTABLISHED MORTALITY
KAPLAN-MEIER CURVES

Like other composite outcomes, it is important to understand the individual component contributions of
QALY including both the health-utility (morbidity) and time spent in that state (survival/mortality). For
example, a study with 10 patients reported cumulative total of 5 QALYs at 1-year, this could be due to a
myriad of combinations of health-utility and life-years. The effects are different if 10 patients survived to
1-year each at a health-utility of 0.5 (Figure 1A) vs a scenario where 10 patients survive only until 6-mo,
but have full health (health-utility of 1) for the 6-mo prior to their deaths (Figure 1B). Both scenarios
would yield a total 5 QALYs; however, each scenario may have different clinical implications to patients
involved. Patients and clinical decision-makers may make different treatment choices in each scenario,
in accordance with their values and preferences for quality-of-life vs duration of life.

Disaggregation of QALYs into component parts of mortality and health-utility using graphical
representation (can be shown on the same graph as a Kaplan-Meier curve) may be an important way to
describe the specific drivers of QALYs changes (Figure 2). This novel methodology where health-utility
and mortality are reported both separately and aggregated as QALYs, may further the acceptance of
HRQoL, health-utility and QALYs in critical care. If healthcare providers, patients, and families are
aware of what drives a particular QALY outcome difference, this may also help to inform future
management plans for critically ill patients, better inform clinicians and families about the trajectory of
HRQoL, and potentially impact upfront goals-of-care discussions and clinical decision-making.
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Figure 1 Health-utility vs time. A: 10 patients survive to 1-year, health-utility 0.5; B: 10 patients survive to 6-months, health-utility 1.
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HRQOL IMPLEMENTATION AND MEASUREMENT

Healthcare providers, patients, families, and healthcare policy-makers have demonstrated interest in
survival and HRQoL before, during, and following discharge from critical care. With advances in ICU
technology, our ability to sustain physiologic function of the body may minimize the effects of critical
illness and treatment upon ICU survivors’ HRQoL[2,37], which could include their suffering alongside
their illness. This is a very real concern, as many patients and families may choose to withdraw or defer
life-sustaining ICU therapy based upon their individual values and preferences for HRQoL[2,37]. These
concerns lend credence to the expression “alive and well” as a desired outcome following critical illness,
as patient’s wishes and preferences for or against aggressive treatments are usually stable over time,
including at end-of-life[38]. HRQoL is key to describe as a patient-important outcome. Furthermore,
HRQoL can give a voice to patients as well as their families and friends as proxies.

HRQoL measurement and implementation in critical could mean: (1) An increase in the likelihood of
finding important clinical effects for interventions, if they exist; (2) improve research efficiency by
powering studies to QALYs rather than mortality; and (3) help inform optimal management of critically
ill patients allowing for decision-making about their HRQoL, in additional to traditional health-
technology assessments.

There are certain limitations to the measurement of HRQoL in the critical care population. First, there
are incapacitated patients that would not be able to report their own HRQoL, emphasizing the need to
validate a proxy tool (e.g. EQ-5D proxy versions) alongside the patient-reported tool. Second, proxies
and patients may differ in rating or HRQoL[39]. Third, subjective vs objective HRQoL may differ (e.g.
EQ-VAS score compared to EQ-5D-5L algorithm score), and could potentially be biased by a patient’s
own preferences and values[39]. As compared to functional recovery scales, even though health-utility
may be more patient-centric, it may also be less generalizable as they are mapped out to general
population instead of just critically ill patients. Fourth, different components of HRQoL can move in
different directions, making it difficult to assess the composite outcome, as different patients will value
mortality and morbidity differently based on their preferences. Finally, most HRQoL measures are
usually time-specific when the patient completes the questionnaire. Therefore, baseline measurements
may either not be available (due to patient incapacity), or may be subject to recall bias from patients or
proxies recalling past HRQoL.

There are also certain challenges associated with QALY acceptance in general. First, QALYs in the
critical care population can be skewed by mortality, presenting difficulties with analytic assumptions (
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Figure 2 Combined Kaplan-Meier curves alongside health-utility. A: Improving health-utility trajectory; B: Worsening health-utility.
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e.g. parametric testing and reporting, although this can be addressed by non-parametric testing).
Second, we are uncertain of the correct time-horizon to extend QALY measurements to for various
critically illnesses, with longer time-horizons being affected by further lost-to-follow up and incomplete
datasets. More routine HRQoL assessments at any health-related encounter could mitigate this issue (
e.g. outpatient family practice, at any hospital admission). The relevant time-horizons will vary between
illnesses and various patient populations, but perhaps at least a standardized set of time-horizons (e.g.
in-hospital, 3 mo and 12 mo post-discharge) could be explored in critically ill patient populations.
Finally, how should we measure and account for baseline imbalances in health-utility outside of a
randomized control trial, and how should changes in responsiveness to treatment be anchored and
reported?

Despite these challenges, there are substantial benefits to measuring HRQoL in critically ill patients.
Therefore, we encourage researchers and clinicians to consider measuring HRQoL, with input from
patients and proxies (e.g. surrogate decision-makers or caregivers), as some patients may never regain
capacity to participate, but knowing what their values and preferences are is key to providing patient-
centered care. We hope to provide the best available information (e.g. HRQoL measures, health-utility,

QALYs) to decision-makers regarding HRQoL outcomes to aid both clinical decision-making alongside
traditional health technology assessments.

CONCLUSION

We propose establishing a rapid, easy-to-use, broad metric, and well-validated HRQoL tool (both
patient and proxy versions, which are available from EQ-5D) for use in critical care research as patient-
important secondary outcome, which can be standardized across all studies allowing for comparability.
We also propose reporting health-utility alongside mortality on Kaplan-Meier curves, to present a
disaggregation of morbidity and mortality in addition to the aggregated quality-adjusted life-year.
Future work in this area should include: (1) Pilot validation of HRQoL patient and proxy tools in the
critical care population during a cross-sectional study (approximately 50-100 patient recruitment)
measuring: Pre-hospital baseline; admission; during ICU stay; and at discharge. We believe the EQ-5D
could be validated in critical care (against Short-Form and correlated with other established illness
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severity scores), as it is the most promising tool at present; and (2) Future HRQoL validation studies for
post-ICU follow-up (e.g. 3, 6, 12 mo) are required to determine long-term HRQoL outcomes. These steps
will lay the foundation for feasible, reproducible, and interpretable patient-important outcome
measures in critical care.
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Abstract

BACKGROUND

Coronavirus disease 2019 (COVID-19) can be associated with life-threatening
organ dysfunction due to septic shock, frequently requiring intensive care unit
(ICU) admission, respi-ratory and vasopressor support. There-fore, clear clinical
criteria are pivotal for early recognition of patients more likely to need prompt
organ support. Although most patients with severe COVID-19 meet the Sepsis-3.0
criteria for septic shock, it has been increasingly recognized that hyperlactatemia
is frequently absent, possibly leading to an underestimation of illness severity and
mortality risk.

AIM

To identify the proportion of severe COVID-19 patients with vasopressor support
requirements, with and without hyperlactatemia, and describe their clinical
outcomes and mortality.
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METHODS

We performed a single-center prospective cohort study. All adult patients admitted to the ICU
with COVID-19 were included in the analysis and were further divided into three groups: Sepsis
group, without both criteria; Vasoplegic Shock group, with persistent hypotension and
vasopressor support without hyperlactatemia; and Septic Shock 3.0 group, with both criteria.
COVID-19 was diagnosed using clinical and radiologic criteria with a severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) positive RT-PCR test.

RESULTS

118 patients (mean age 63 years, 87% males) were included in the analysis (1 = 51 Sepsis group, n =
26 Vasoplegic Shock group, and n = 41 Septic Shock 3.0 group). SOFA score at ICU admission and
ICU length of stay were different between the groups (P < 0.001). Mortality was significantly
higher in the Vasoplegic Shock and Septic Shock 3.0 groups when compared with the Sepsis group
(P < 0.001) without a significant difference between the former two groups (P = 0.713). The log
rank tests of Kaplan-Meier survival curves were also different (P = 0.007). Ventilator-free days and
vasopressor-free days were different between the Sepsis vs Vasoplegic Shock and Septic Shock 3.0
groups (both P < 0.001), and similar in the last two groups (P = 0.128 and P = 0.133, respectively).
Logistic regression identified the maximum dose of vasopressor therapy used (AOR 1.046; 95%Cl:
1.012-1.082, P = 0.008) and serum lactate level (AOR 1.542; 95%ClI: 1.055-2.255, P = 0.02) as the
major explanatory variables of mortality rates (R*0.79).

CONCLUSION

In severe COVID-19 patients, the Sepsis 3.0 criteria of septic shock may exclude approximately one
third of patients with a similarly high risk of a poor outcome and mortality rate, which should be
equally addressed.

Key Words: COVID-19; Critical care; SARS-CoV-2; Septic shock; Lactate; Sepsis 3.0 criteria

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) can be associated with life-threatening organ dysfunction
due to septic shock, frequently requiring intensive care unit admission, respiratory and vasopressor
support. Although most patients with severe COVID-19 meet the Sepsis-3.0 criteria for septic shock, it has
been increasingly recognized that hyperlactatemia is frequently absent. Our data clearly show that one
third of patients with Sepsis by the Sepsis 3.0 criteria present a risk of poor outcomes and a mortality rate
similar to those with Septic Shock, which should be equally addressed.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) can be associated with life-threatening organ dysfunction due to
septic shock, frequently requiring intensive care unit (ICU) admission, respiratory and vasopressor
support[1]. Surviving Sepsis Campaign guidelines for the management of critically ill adults with
COVID-19 document a highly variable prevalence of septic shock in these patients ranging from 1 to
35%[2,3].

Clear clinical criteria of septic shock in this population are, therefore, pivotal for early recognition of
patients more likely to have poor outcomes and high mortality.

Since its publication in 2016, the Sepsis 3.0 criteria for septic shock have been validated in several
studies, as a superior predictor of in-hospital mortality, with an association of a greater than 40%
hospital mortality rate[3-5]. Vasopressor requirement in the absence of hypovolemia and serum lactate
level greater than 2 mmol/L (> 18 mg/dL) have been recommended for use as a clinical marker
combination for risk stratification in patients with infection[3-6].

Although patients with severe COVID-19 frequently meet the Sepsis 3.0 criteria for septic shock, it
has been increasingly recognized that, in this population, hyperlactatemia is frequently absent, even in
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markedly hypotensive patients requiring high doses of vasopressors. This potentially underrecognized
population might still have a high illness severity and mortality risk, indicating the need for similar
close clinical surveillance and prompt organ support as COVID-19 septic shock patients defined by
Sepsis 3.0 criteria.

This study aimed to identify the proportion of patients with severe COVID-19 and hypotension
despite adequate volume resuscitation, requiring vasopressor support to achieve a mean arterial
pressure (MAP) > 65 mmHg, with and without hyperlactatemia, in the ICU, and describe their clinical
outcomes and mortality rate.

MATERIALS AND METHODS
Study design and population

A single-center prospective observational cohort study was conducted over a 9-month period between
March 2020 and January 2021. Data were collected from consecutive adult patients, admitted to the ICU,
using the patient’s electronic medical records, in Centro Hospitalar Lisboa Ocidental, in Lisbon,
Portugal. The study was approved by the National Ethics Committee for Clinical Research (reference
REC: 2020_EO_02).

Eligibility criteria included age equal to or above 18 years old and admission to an ICU with multi-
organ failure secondary to COVID-19 pneumonia, described as the development of potentially
reversible physiological derangement involving two or more organ systems or a change in baseline
SOFA score of 2 points or more. COVID-19 respiratory infection was diagnosed using clinical and
radiological criteria of pulmonary involvement with a severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) positive RT-PCR test. Subjective complaints of dyspnea, fatigue, loss of taste or smell,
fever, chest pain, nausea and diarrhea were considered as clinical criteria and interstitial opacities,
alveolar opacities, consolidations and/or pleural effusions were considered as radiological criteria of
SARS-CoV-2 pneumonia.

Patients included in the analysis were further divided according to the presence of hyperlactatemia
(lactate > 2 mmol/L) and persistent hypotension with vasopressor support, and 3 groups were
identified: Sepsis group, without both criteria; Vasoplegic Shock group, with persistent hypotension
with vasopressor support without hyperlactatemia; and Septic Shock 3.0 group, with both criteria.

Data collection and end-points

Demographic characteristics were recorded at baseline for all patients including comorbidities, days of
symptoms of SARS-CoV-2 infection and SOFA score at admission. Daily measurements of vital signs
(including minimum MAP and maximum respiratory rate), ventilation variables (including minimum
ratio partial pressure arterial oxygen and the fraction of inspired oxygen, time of ventilation in the
prone position and duration of neuromuscular blockade), hemodynamic support (including the use of
vasopressor therapy and maximum dosage of vasopressor support), renal function (including rate of
replacement therapy and maximum creatinine level registered), laboratory variables (including
hemoglobin, troponin I, lactate, C-reactive protein, and procalcitonin), prescribed therapies (remdesivir
and dexamethasone) and outcomes (discharged alive or death in the ICU) were also collected for every
admitted patient for statistical analysis.

The number of secondary infections per patient was also collected in the three groups. The
association of (1) clinical suspicion of new onset infection, (2) with persistent or increased inflammatory
serum biomarkers, (3) requiring antibiotic therapy, (4) in a patient with a length of ICU stay of at least
48 h were the criteria used for the definition of secondary infection. Positive microbiological cultures or
microbial identification were not used as exclusion criteria for this definition.

Primary outcomes included 28-day mortality rate. As secondary outcomes, in-hospital mortality rate,
ventilator-free days and vasopressor-free days at day 28 were determined.

Statistical analysis

All Gaussian distributed variables were expressed as mean and SD, and non-normally distributed
variables as median [interquartile range (IQR)]. Categorical variables were expressed as numbers and
percentages.

The chi-square test was used for categorical variables, and the t-test and Kruskal-Wallis test were
used on continuous variables for statistical assessment of outcomes between groups. Kaplan-Meier
survival curves and log-rank tests were also obtained to ascertain and compare survival between the
groups.

Multiple logistic regression modeling for in-hospital mortality rate was carried out considering mini-
mum blood pressure registered, maximum dose of vasopressor therapy, maximum serum lactate level,
maximum troponin level, minimum hemoglobin level, and maximum C-reactive protein and procal-
citonin levels as variables to fit the model. The model was further adjusted for patients’ gender, age, and
SOFA score at admission.
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To assess the ability of the “serum lactate level” and “maximum vasopressor therapy used” variables
in predicting the primary endpoints, diagnostic performances were calculated and receiver operating
characteristic (ROC) curves were constructed in order to ascertain the corresponding area under the
ROC curve (AUROC).

In all the hypothesis tests, a P value less than 0.05 was considered statistically significant and the
usual confidence intervals of 95% were chosen.

RESULTS

In total, 118 patients were included during the study period, 51 (43.2%) in the Sepsis group, 26 (22%) in
the Vasoplegic Shock group, and 41 (34.8%) in the Septic Shock 3.0 group. No patient with hyperlact-
atemia and normal arterial blood pressure was identified. Patients’ baseline characteristics are
summarized in Table 1.

The mean age was 63 (+ 13.1) years and a statistically significant difference was observed between the
three groups with an older subset of patients in the Septic Shock 3.0 group. There was no difference in
gender or in patient body mass index distribution.

SOFA score at admission, respiratory support, hemodynamic support, maximum creatinine, C-
reactive protein and maximum procalcitonin levels, shown in Table 1, were different between the 3
groups, but without statistical significance between the Vasoplegic Shock and Septic Shock 3.0 groups.
In addition, maximum serum lactate level was not different between the Sepsis and Vasoplegic Shock
groups (1.64 + 0.56 mg/dL vs 1.39 + 0.35 mg/dL, respectively, P = 0.134). Similarly, secondary infection
rates per patient, were different between the three groups (P < 0.0001) without statistical significance
between the Vasoplegic Shock and Septic Shock 3.0 groups (P = 0.041).

The analysis of primary outcomes revealed an overall in-hospital mortality of 23.7%. The mortality
rate was significantly higher in the Vasoplegic Shock (26,9%) and Septic Shock 3.0 groups (46%) when
compared to the Sepsis group (3.9%) (P = 0.026 and P = 0.0003, respectively) without statistical
significance between the former two groups (P = 0.713). 28-day mortality rate was also not statistically
different between the Vasoplegic Shock and Septic Shock 3.0 groups (P = 0.619) (Figure 1).

Secondary outcomes are presented in Table 2. Ventilator free-days and vasopressor free-days at day
28 were statistically different between the Sepsis group and Vasoplegic Shock (P < 0.001, in both tests)
and Septic Shock 3.0 groups (P < 0.001, in both tests), without statistical differences between the last two
groups (P = 0.128 and P = 0.133, respectively).

Multivariable logistic regression analysis adjusted for gender, age, and SOFA score at admission,
identified the maximum dose of vasopressor therapy used (AOR 1.046; 95%CI: 1.012-1.082, P = 0.008)
and serum lactate level (AOR 1.542; CI 95%: 1.055-2.255, P = 0.02) as the major explanatory variables of
mortality rates (R? 0.79).

The AUROC curves for prediction of 28-day mortality rate, by serum lactate level and maximum
vasopressor therapy dosage used, were constructed and are presented in Figure 2. The highest AUROC
was for the maximum vasopressor therapy dosage used (0.81; 95%CI: 0.696-0.922) when compared to
serum lactate level (0.645; 95%CI: 0.491-0.799).

DISCUSSION

Despite the general acceptance of the Sepsis-3 Task Force update of the defining criteria for septic shock,
several lines of investigation have questioned its clinical sensitivity to reliably perform clinical decision-
making and identification of patients with a high risk of complications and mortality[7-12]. This was
further questioned when its criteria were preferably indicated for a coding and epidemiological
application, and not intended as a clinical screening tool.

Our study clearly shows that using the Sepsis 3.0 criteria there was a proportion of hypotensive
patients with vasopressor support without hyperlactatemia (n = 26; 22%), that, despite being classified
as “Sepsis”, had outcomes that were clearly different to those found in that group and superimposable
to those in the Septic Shock 3.0 group. This potential discriminative inaccuracy favors patients to be
diagnosed with Sepsis, despite illness severity and mortality similar to Septic Shock 3.0 patients, and
they should be treated equally.

Furthermore, COVID-19 patients” mortality rates have been strongly and positively associated with
ventilation and hemodynamic support, especially when critically ill and in need of ICU care[13,14],
depending on reliable criteria to institute prompt and adequate organ support and improve outcomes.

Our data show that the use of hyperlactatemia as a criterion to clinically classify COVID-19 patients
as having septic shock may undermine the sensitivity of our assessment of patients’ severity and
prognosis in this population. This evidence is in accordance with previously published studies
describing the existence of different ICU patients” profiles, within the definition of Sepsis with
concomitant different outcome and mortality rates[15,16].

WJCCM | https://www.wjgnet.com 249 July 9,2022 | Volumell | Issue4 |



Cidade JP et al. Sepsis-3 in COVID-19

Table 1 Demographic and primary clinical characteristics in the Sepsis, vasoplegic shock and septic shock 3.0 groups

IQR Sepsis Vasoplegic shock Septic shock 3.0 Total P
(n=>51) (n =26) (n =41) (n=118)
Age, years (mean + SD) 59.51+13.7 61.9+12.9 68.7 +£10.6 63.3+13.1 0.005
Gender, males (1) 38 19 30 87 0.986
Body mass index (mean * SD) 27.56 + 4.44 29.67 £6.7 279+41 28.2+49 0.591
SOFA at admission [mean (IQR)] 3.04 (2;4) 5.88 (3; 8) 7.14 (4;9) 5.13 (2;7.8) <0.001
Mechanical ventilation (1) 5 26 37 68 <0.001
Length of mechanical ventilation, d [mean (IQR)] 1.06 (0; 2) 12.5 (4.75;17) 19.3 (7.5; 28) 9.9 (0;17.3) <0.001
Minimum paO2/FiO2 registered (mean + SD) 181.9+82.1 104.9 £ 69.2 92+ 64.5 133.7+844  <0.001
Ventilation in prone position, h [mean (IQR)] 4.55 (3;5.1) 70.2 (0; 134.8) 129.1 (0; 187.5) 62.3 (0; 96) <0.001
Length of neuromuscular blockade, d [mean (IQR)] 0(0; 0) 6.5(2,9.3) 8.3 (3;16.5) 4.9 (0;8.3) <0.001
Vasopressor support (1) 0 26 41 67 <0.001
Minimum blood pressure registered, mmHg (mean + SD) 60.1+11.3 528+8.1 48.7+95 545+11.2 <0.001
Maximum dose of vasopressor therapy, pg/kg (mean + SD) - 225+188 30.5+£16.3 15.6 £18.9 <0.001
Maximum serum lactate level, mg/dL (mean * SD) 1.64 + 0.56 1.39 £0.35 3.88+28 236+2 <0.001
Maximum serum troponin level, ng/mL [mean (IQR)] 22.04 (6; 25) 103.4 (17.75; 124.8) 129.7 (40; 166.5) 774 (13;93)  <0.001
Minimum serum hemoglobin level, g/dL (mean + SD) 11421 93+2 81+18 98+25 <0.001
Maximum serum C-reactive protein, mg/dL (mean + SD) 18.2+9.45 30.2+9.9 31.9+88 25.6+11.3 <0.001
Maximum serum Procalcitonin, ng/mL [mean (IQR)] 2.29(0.1,0.8)  6.65(0.4;5.9) 10.4 (1.1, 12.4) 6.23 (0.3;5.9) <0.001
Maximum creatinine level registered, mg/dL [mean (IQR)] 1.68 (0.82;,1.2)  2.66 (0.83; 2.54) 3(1.3;3.8) 2.36 (0.9;2.8) <0.001
Renal support therapy (1) 4 (8%) 7 (3%) 20 (49%) 31 (26%) <0.001
Secondary infections, per patient [mean (IQR)] 0.16 (0; 0) 0.63 (0; 1) 1.1 (0;1.5) 0.55 (0; 1) <0.001
Remdesivir (11, %) 22 (43%) 13 (50%) 20 (49%) 55 (47%) 0.8
Corticosteroid therapy (1) 14 (27%) 4 (15%) 20 (49%) 38 (32%) 0.01

IQR: Interquartile range; SD: Standard deviation.

Table 2 Primary and secondary outcomes in sepsis, vasoplegic shock and septic shock 3.0 groups

Sepsis Vasoplegic shock Septic shock 3.0 Total P
(n=51) (n = 26) (n=41) (n=118)
Ventilator free-days at day 28 (mean # SD) 258+ 6.4 114+9.1 517 +8.9 154 +£12.3 <0.001
Vasopressor free-days at day 28 (mean # SD) 269+55 15.7 £10.4 7.76 £10.2 17812 <0.001
ICU length of stay, days (mean * SD) 6.86+5.1 159+82 243 +15.1 149+12.8 <0.001
In-hospital death rate (1) 2 7 19 28 <0.001

SD: Standard deviation.

The overlap in ventilator and vasopressor free-days and in-hospital mortality rate and 28-day
mortality rates (Table 2), in the Vasoplegic Shock and Septic Shock 3.0 groups, provides evidence that
further supports the premise of a similar illness severity between these two groups. These data might
indicate that occult hypoperfusion may still be present in COVID-19 patients[17], even with normal
serum lactate levels, accounting for its systemic dysfunction and compromising patients” survivability.
This was reinforced by the fact that the maximum dose of vasopressor therapy used was one of the
major explanatory variables of mortality rates across the three groups when adjusted to lactate levels.
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Moreover, COVID-19 patients belonging to the Septic shock 3.0 group presented with higher values
of SOFA on ICU admission, a higher need for mechanical ventilation, poorer respiratory severity
indices, and higher dosages of vasopressor support, when compared to patients in the Vasoplegic Shock
group. However, no statistically significant differences were found between these two groups regarding
these indices. These results are similar to those previously obtained by Verboom et al[18] in 2019, which
demonstrated a high percentage of agreement in mortality between patients with and without
hyperlactatemia, under septic shock conditions.

Our study provides evidence that the use of Sepsis 3.0 criteria can undervalue severely ill COVID-19
patients. According to their clinical requirements and prognosis, a group of patients, equally severe to
Septic Shock 3.0, are being classified as having Sepsis. It is clear that it would be safer for these patients
(those with persistent hypotension with vasopressor support without hyperlactatemia) to have a
different classification, to account for their increased mortality risk and poor prognosis, in addition to
their subsequent need for close clinical monitoring, prompt diagnosis, and adequate resuscitation. This
is in concordance with significantly better accuracy of hypotension with vasopressor support when
compared to hyperlactatemia, to predict the mortality rate of COVID-19 patients.

These study results are strengthened by the robust structure and data prospectively collected.
Furthermore, the homogeneity of supportive care across the compared groups limits some potential
biases on the analyzed outcomes. However, it is not without some limitations. Although COVID-19
pneumonia was necessary for statistical analysis eligibility, it lacked information on potential
confounders of co-infections or other causes of shock, before ICU admission. On the other hand, the
potential complications during ICU stay that could justify hyperlactatemia, not directly related to
COVID-19 infection, were also not registered.
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CONCLUSION

In severe COVID-19 patients, the Sepsis 3.0 criteria for septic shock may exclude approximately one-
third of patients with a similarly high risk of poor outcomes and mortality rate, which should be equally
addressed. Considering the importance of early recognition of septic shock in COVID-19 patients to
improve their survival, the presence of hypotension with vasopressor support, even without hyperlact-
atemia, demonstrated strong prognostic accuracy for mortality.

ARTICLE HIGHLIGHTS

Research background

The Sepsis 3.0 criteria for sepsis and septic shock have been extensively used in the definition of severe
patients, admitted to hospital care and intensive care, in order to adequately define a subset of patients
with poor prognosis and higher mortality rates.

Since its publication in 2016, its use has been presented as a good diagnostic tool to define these
patients and to promptly initiate organic support. Coronavirus disease 2019 (COVID-19) patients
present a strong association with life-threatening organ dysfunction due to septic shock and frequently
require intensive care unit (ICU) admission and organ support.

Research motivation

COVID-19 patients frequently lack hyperlactatemia, a necessary clinical criteria to define septic shock
using the Septic Shock 3.0 criteria. Therefore, this could potentially lead to an unrecognized subset of
these patients who have a high illness severity and mortality risk, and are inaccurately classified as
having sepsis.

Research objectives
This study aimed to identify the proportion of patients with severe COVID-19 with vasopressor
requirements without hyperlactatemia and describe their clinical outcomes and mortality rate.

Research methods

A single-center prospective observational cohort study was conducted in a tertiary hospital in Portugal,
analyzing adult patients, admitted to the ICU, with COVID-19 pneumonia. Data collection was
extensive, providing data on comorbidities, clinical status, severity indices, respiratory, hemodynamic,
and renal dysfunction and the outcome of these COVID-19 patients.

Research results

Twenty-two percent of the analyzed COVID-19 patients were found to have persistent hypotension
despite adequate volume resuscitation, requiring vasopressor support, and without hyperlactatemia.
This "Vasoplegic Shock" group was found to have high 28-day and hospital mortality rates, and few
vasopressor-free days and ventilator-free days, without significant differences to those in the "Septic
Shock" group, but significantly different to those in the Sepsis group. Multivariable logistic regression
identified the maximum dose of vasopressor therapy used and serum lactate level as the major
explanatory variables of mortality rates. However, the highest AUROC was for the maximum
vasopressor therapy dosage used when compared to serum lactate level.

Research conclusions
The Sepsis 3.0 criteria for septic shock may exclude approximately one-third of patients with similar
clinical severity, poor outcomes, and mortality rate, which should be equally addressed.

Research perspectives

Further studies are needed to identify a subset of COVID-19 patients, who were not initially admitted to
the ICU, despite persistent hypotension with vasopressor requirements, and describe their clinical
course and outcomes, further demonstrating a potential need to redefine the septic shock criteria in
COVID-19 patients in order to maximize early recognition and prompt adequate surveillance and
support.
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Abstract

BACKGROUND

Patients leaving the intensive care unit (ICU) often experience gaps in care due to
deficiencies in discharge communication, leaving them vulnerable to increased
stress, adverse events, readmission to ICU, and death. To facilitate discharge
communication, written summaries have been implemented to provide patients
and their families with information on medications, activity and diet restrictions,
follow-up appointments, symptoms to expect, and who to call if there are
questions. While written discharge summaries for patients and their families are
utilized frequently in surgical, rehabilitation, and pediatric settings, few have
been utilized in ICU settings.

AIM
To develop an ICU specific patient-oriented discharge summary tool (PODS-ICU),
and pilot test the tool to determine acceptability and feasibility.

METHODS

Patient-partners (i.e., individuals with lived experience as an ICU patient or
family member of an ICU patient), ICU clinicians (i.e., physicians, nurses), and
researchers met to discuss ICU patients’ specific informational needs and design
the PODS-ICU through several cycles of discussion and iterative revisions.
Research team nurses piloted the PODS-ICU with patient and family participants
in two ICUs in Calgary, Canada. Follow-up surveys on the PODS-ICU and its
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impact on discharge were administered to patients, family participants, and ICU nurses.

RESULTS

Most participants felt that their discharge from the ICU was good or better (n = 13; 87.0%), and
some (n =9; 60.0%) participants reported a good understanding of why the patient was in ICU.
Most participants (n = 12; 80.0%) reported that they understood ICU events and impacts on the
patient’s health. While many patients and family participants indicated the PODS-ICU was
informative and useful, ICU nurses reported that the PODS-ICU was “not reasonable” in their
daily clinical workflow due to “time constraint”.

CONCLUSION

The PODS-ICU tool provides patients and their families with essential information as they
discharge from the ICU. This tool has the potential to engage and empower patients and their
families in ensuring continuity of care beyond ICU discharge. However, the PODS-ICU requires
pairing with earlier discharge practices and integration with electronic clinical information
systems to fit better into the clinical workflow for ICU nurses. Further refinement and testing of
the PODS-ICU tool in diverse critical care settings is needed to better assess its feasibility and its
effects on patient health outcomes.

Key Words: Discharge tool; Patient discharge summary; Patient communication; Family communication;
Transitions in care; Intensive care unit

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Critically ill patients face a difficult transition when moving home from an intensive care unit. In
order to ease this transition, we developed and pilot tested a patient-oriented discharge summary tool that
included information about medications, activity and diet restrictions, follow-up appointments, symptoms
to expect, and who to call if there are questions. We found that critically ill patients and their families
found the tool to be very informative. However, nurse practitioners found the discharge tool to be time
consuming to complete and a poor fit into their clinical workflow. Further revision and testing of the tool
is needed to better assess it’s feasibility and determine any impact it may have on patient health outcomes.
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INTRODUCTION

The discharge of patients from the intensive care unit (ICU) is a challenging transition period that leaves
patients particularly vulnerable to heightened stress and increases their chances of experiencing adverse
events, being readmitted to ICU, and dying[1-4]. Many patients who report experiencing gaps in care
during their transition from the ICU are dissatisfied with the quality of care they received[5]. They cite
confusion due to poor communication with their healthcare team as a major contributing factor to their
dissatisfaction[6,7]. Failures to effectively communicate information such as diagnoses, tests, treatments,
and goals of care to patients and their family-caregivers result in poorly executed transitions in care, and
impede continuity of care[8-10]. Deficiencies in communication can be further worsened by any
combination of patient factors such as lack of understanding of medical terms, limited fluency in
English, difficulty retaining verbal instructions, or inability to absorb critical information due to stress
[11-16]. While patient-centered summary tools to communicate critical information to patients and
family-caregivers (i.e., family members or close friends of the patient) at discharge have been
implemented, many of these tools vary in their applicability to diverse care settings and are not
standardized across healthcare systems[17].

There have been a number of initiatives to improve patient and family-caregiver communication
during transitions in care using written communications that facilitate and support the exchange of
information from clinicians to patients and their families[18-20]. Among these are patient- and
caregiver-centered discharge summaries that include information on medications, activity and diet
restrictions, follow-up appointments, symptoms to expect, and who to call if there are questions[21,22].
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Most patient-and caregiver-centered discharge summary tools use evidence-based techniques such as
plain language, large fonts, pictograms, and teach-back components to ensure patients are engaged and
develop a strong understanding of their health[23-27]. While written patient-centered discharge tools
have become commonplace in surgical, rehabilitation, and pediatric settings, few have been employed
in critical care settings[28-31].

To address the need for a standardized, written, patient-centered discharge tool suitable for use in the
ICU, our team of patient partners (i.e., previous patients and family-caregivers who now represent
patients’ interest in research), clinicians, and researchers aimed to incorporate ICU-specific elements
into the patient-oriented discharge summary tool (PODS) co-developed by patients, the Toronto Central
Local Health Integration Network, and OpenLab (Toronto, Canada). Specifically, our objectives were to:
(1) Adapt the content of the PODS to the ICU context based on input from key stakeholder groups
including patient partners, clinicians, and researchers (PODS-ICU); (2) Pilot test the adapted PODS-ICU
in the ICU to determine its acceptability and feasibility; and (3) Gather patient, family-caregiver, and
clinician perspectives on the usability of the tool and quality (e.g., comprehensiveness) of information
provided to patients and family-caregivers during a discharge from the ICU.

MATERIALS AND METHODS

Setting

We conducted this study in two ICUs in Calgary, Alberta, Canada. ICU A, Foothills Medical Centre, is a
28-bed medical-surgical ICU in a tertiary level academic hospital and ICU B, South Health Campus, is a
10-bed medical-surgical ICU in a community-based hospital (collective catchment population 1.4
million). Both hospitals use the same patient information systems which house ICU patients’
demographics along with key clinical, healthcare service, and health outcome data[32].

Design

We designed our study as a collaborative quality improvement research project that adhered to the
internationally recognized Revised Standards for Quality Improvement Reporting Excellence (SQUIRE)
2.0 guidelines for reporting new knowledge on improving healthcare[33]. We executed the study in two
distinct phases: Development of the PODS-ICU and Pilot testing of the PODS-ICU in two ICUs (ICU A
and ICU B).

Development of the PODS-ICU

To create a workable PODS-ICU tool and a standardized implementation process, we formed a working
group of stakeholders with diverse backgrounds and extensive critical care experience. The working
group included two patient partners (1 patient, 1 family-caregiver), four bedside registered nurses
(RNs), two nurse practitioners (NPs), one physician, one clinical nurse specialist, a quality improvement
lead, and a researcher. The working group was tasked with producing a printable (i.e., not handwritten)
PODS-ICU template for patients who were being discharged from the ICU to a hospital ward or directly
into community settings (i.e., their home). The working group met monthly to discuss and reach
consensus on the content and the format for the PODS-ICU (i.e., electronic vs paper-based templates)
and to complete iterative revisions of the tool. After each meeting, minutes were circulated by email to
working group members. The researcher incorporated feedback into the tool, circulating documents that
mapped out the revised content areas back to the group by email. This process led to agenda building
for the next working group meeting and was repeated until a consensus was reached on the PODS-ICU.
In order to maximize efficient completion of the PODS-ICU, the working group decided to make the
tool easily accessible to clinicians, and to permit editing of its content until it was deemed ready for pilot
testing. The group agreed that the PODS-ICU should be paired with effective education methods such
as teach-back, which has been shown to optimize communication between clinicians, patients, and
family-caregivers[34].

Pilot test of the PODS-ICU tool

Sample and recruitment: Between August 12"and November 5%, 2019, we recruited a sample of
patients and family-caregivers transitioning from the ICU to the hospital ward from ICU A. Between
January 5*and March 1, 2020 we recruited a sample of patients and family-caregivers transitioning
from ICU to home from ICU B. Trained team members (RNs and NPs) were tasked with piloting the
PODS-ICU in the participating sites.

We used eCritical MetaVision Alberta to identify patients who were expected to leave the study ICUs
within the next 24-48 h. A patient partner and a research assistant from our study team approached
patients if they were: (1) Cleared for discharge; (2) Over 18 years of age; (3) Able to provide written
informed consent; and (4) able to communicate in English. Family-caregivers, defined as any individuals
providing physical or emotional support to a patient (e.g., a relative, friend or a formal caregiver) who
had knowledge of the patient before the ICU admission, were also approached to participate in the
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study. Family-caregivers were eligible to participate if they were: (1) Over 18 years of age; (2) Able to
provide informed consent; and (3) Able to communicate in English. A recruitment script [Supple-
mentary material] was used to ensure patients and family-caregivers (i.e., collectively referred to as
participants) were provided adequate information about the study, and understood the role of study
participants. Written informed consent was collected from all participants. Participants were enrolled as
dyads (i.e., a patient and a family-caregiver) for this study.

PODS-ICU implementation: Patient partners informed select RNs/NPs (ICU nurses who had agreed to
administer the PODS-ICU to participants) when a patient and family-caregiver had been enrolled.
RN/NPs then completed the PODS-ICU tool and conducted a teach-back education session with the
recruited participant (s) (i.e., patient and/or family-caregiver) prior to the patient’s discharge from the
ICU. The RN/NP then completed a brief online questionnaire (via Qualtrics, Provo, Utah) [Supple-
mentary material] to provide feedback on their experience completing the PODS-ICU (e.g., ease of
access, ease of use, time required to review the tool with a patient or family-caregiver) and its perceived
impact on their workflow.

Participant questionnaires: The patient partner followed up with study participants, regardless of
whether the PODS-ICU was successfully delivered, within one week after patient discharge from ICU to
administer questionnaires assessing the quality of the discharge process. Patients and family-caregivers
received separate versions of the feedback questionnaire. The follow-up was done in person for patients
still present in the hospital, and over the phone for those patients who had left the hospital. Participants
were administered questionnaires that inquired about how well they understood their (or the patient’s)
care trajectory as they were discharged from the ICU [Supplementary material]. Participants who did
not respond were contacted by the patient partner up to two additional times.

PODS-ICU acceptability and feasibility: We measured the acceptability of the PODS-ICU by
calculating the proportion of eligible patients and family-caregivers who consented to participate in the
study. The feasibility was assessed by calculating the proportion of consented participants who received
the PODS-ICU prior to discharge.

Statistical analysis

We conducted data analysis as per the standard recommendations for design and analysis of pilot
studies[35] in Microsoft Excel v16.0 (Microsoft Corporation, Redmond USA. Given that our study did
not involve hypothesis testing, no power analysis was conducted, and no inferential statistics were
calculated. We used descriptive statistics (mean, median) to summarize participant characteristics and
questionnaire data (from patients, family-caregivers, and clinicians).

RESULTS

Development of PODS-ICU

The working group held 7 meetings between December 2018 and July 2019. After drafting an initial
PODS-ICU template, the working group determined that patients discharged from the ICU to another
inpatient care unit differed clinically (i.e., were sicker) from patients discharged from the ICU directly to
the community. Hence, the two patient groups required different post-discharge information. As such,
the working group developed two different versions of the PODS-ICU. Following two rounds of major
revisions and multiple rounds of minor revisions, the working group standardized written content
where possible to improve efficiencies in completing the PODS-ICU, while still allowing for tailoring of
patient-specific information. The working group first developed the PODS-ICU tool as a Microsoft
Word (2019, Redmond, USA) template accessible through the hospitals’ internal Website. The final
template was subsequently developed alongside an in-house collaborator and embedded into a locally
developed customized software program that could be run off an encrypted USB or a desktop local
drive. A side-by-side comparison of the PODS-ICU Word versions for patients being discharged from
the ICU to another care unit, and PODS-ICU for patients being discharged from ICU directly home in
the community is shown in Figure 1.

Pilot test of the PODS-ICU tool

Participant enrolment: During the study period, 319 patients were discharged alive from the two study
ICUs. Of these, 42 patients were potentially eligible for the study. Participant recruitment and reasons
for exclusion are shown in Figure 2. The most common reasons for patient exclusion were ICU stays less
than 24 h in duration (n = 181 patients) and discharges on weekends when the study team (i.e., patient
partners) was unavailable to approach patients (1 = 57). A number (n = 39) of patients were excluded
based on recommendations of the clinical team to not approach for clinical or psychosocial reasons (i.e.,
stress, family not available). Forty-two patients were approached for participation into the study, of
which 10 were excluded due to inability to communicate in English and/or provide consent, and 1 for
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Patient Oriented Discharge S y (PODS-ICU) - for discharge to another unit Patient Oriented Discharge S y (PODS-ICU) - for discharge to community

.'. Alberta Health % ‘(;n;gc:‘\”éarc Medicine .'. Alberta Health A‘hfo‘* ‘(;n;—cg‘(;arc Medicine
M Services Ay M Services Erladny

Enter patient's first name. Intensive Care Unit (ICU) Transfer Summary Enter patient’s first name. Intensive Care Unit (ICU) Discharge Summary

| came to Enter hospital name hospital on Select a date and was admitted to the | | came to Enter hospital name hospital on Select a date and was admitted to

ICU on Select date the ICU on Select date

| came to the ICU because Describe primary reason | came to the ICU because Describe primary reason..

| am being transferred from the ICU on Select date because | have recovered | am being discharged from the ICU on Select date because | have
enough to be sent to another inpatient unit. This summary will provide me with recovered enough to be sent home. However, it is very important that |
information to help my transfer within the hospital and when | am discharged continue to take care of myself and talk with my family doctor when | get
home. home. This summary will provide me with information to help me do this

“Leaving the ICU to an Inpatient Unit" is not included on Patient ICU
Discharge Summary.

Leaving the ICU to an Inpatient Unit

Hospital Service: Enter Unit Number: Enter Location: Enter floor &
info number building

Phone: Enter unit phone Parking: Enter closest visitor parking lot

Doctor's Name: Enter name or unknown at transfer

Description of unit: The unit that | am transferring to will be different than
the ICU, but the care that | will receive will be the same high standard that |
received in the ICU. Nurse to patient ratios may vary; 3-6 patients per nurse is
typical. Because the ratio is higher, my nurse may not be able to respond as
quickly when | call; the unit may seem busier and louder than the ICU. | may
be in a shared room. Hospital visiting hours are usually 9AM to 9PM;
exceptions are made at the unit’s discretion. | should confirm visiting hours
with my new care team.

Doctors generally see patients each day between 9AM and 5PM; times may
vary as the doctors also see patients on other units. At least one doctor from
my team is available in hospital 24 hours a day for any emergencies that may
occur. Like in the ICU, | may see many healthcare providers while on my next
care unit. If | wish to see to a healthcare professional who may not immediately
be involved in my care, such as a psychologist or social worker, | should talk to
my nurse or doctor.

Providers: include other information relevant to transfer (e.g. anticipated time
of day; lines and tubes that may travel; transport route through hospital; etc)

il e

Q What happened to me in the ICU E] What happened to me in the ICU
Briefly summarize the patient’s time in the ICU using plain language Briefly summarize the patient’s time in the ICU using plain language

) , ) ,
® @ How | might feel after ICU ®® How | might feel after ICU
Many patients and families find the transition out of the ICU stressful. During my | Many patients and families can find the transition out of the ICU stressful. My
ICU stay, my family and | have probably become familiar with the unit and my ICU team has carefully evaluated my health condition and determined that |
ICU team members (doctors, nurses, physiotherapists, social workers, etc.). Now | am now well enough to safely transition directly home. All the details of my
that my ICU team has carefully evaluated my health condition and determined ICU stay are available in my electronic medical record which is available to
that | can transition to another patient care unit, all the details of my ICU stay my family doctor. This includes my current care needs, medications, and

have been handed over to my receiving care team. This includes my current care | ongoing care plan to continue my care in the community.

needs, medications, and ongoing plan to continue my care outside of the ICU. T e~

psychological issues. My journey to recovery may take a long time. | may
find that | am weak or have low energy. It may take a lot of energy to do
tasks that | would not normally feel would be difficult. This can be very
frustrating, and | may need extra help from a caregiver. My mood may
change often. | may worry about getting sick again. My sleep may be
affected and there is a chance | could experience nightmares and
hallucinations after leaving the ICU. It is very important that | address any of
these experiences with my healthcare team so they can help provide me
with the necessary support. It is common to feel distress over one’s ICU stay
and recovery. My friends, family, and healthcare team can help me
understand my ICU stay, my health condition, and my recovery.

Once | leave the ICU, | may experience physical, emotional, and psychological
issues. My journey to recovery may take a long time. | may find that | am weak or
have low energy. It may take a lot of energy to do tasks that | would not normally
feel would be difficult. This can be very frustrating, and | may need extra help
from a caregiver. My mood may change often. | may worry about getting sick
again. My sleep may be affected and there is a chance | could experience
nightmares and hallucinations after leaving the ICU. It is very important that | tell
my healthcare team about any of these experiences, so they can help provide me
with the necessary support. It is common to feel distress over one’s ICU stay and
recovery. My friends, family, and healthcare team can help me understand my
ICU stay, my health condition, and my recovery.

Information about commonly experienced post-ICU issues can be found on

Information about commonly experienced post-ICU issues can be found on the the Alberta Health Services ICU Recovery Website,
Alberta Health Services ICU Recovery Website, http://www.ahs.calicurecovery. http:/lwww.ahs.caficurecovery.

+e

[gm : . : :

~_@ Medications | need to take C® Medications | need to take

O Yes | A list of all my medications with instructions has been given to
me (handout)

O A list of all my medications is available to my healthcare team on my receiving
inpatient unit.

OYes My medications and their purpose has been explained to me.

[ Yes | Prescriptions for the following medications have been faxed to
the pharmacy: Enter pharmacy name/location if needed

O Yes | Prescriptions for these medications have been given to me. |
need to take these prescriptions to my pharmacy.

- Enter prescriptions
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The section, ‘Changes in my Daily Activities’ is not included on Patient ICU
Transfer Summary. Any content regarding ADLs that should be included can be
added to the Additional Details section.

@ My follow up appointments

O The ICU Recovery Clinic may call me after | have been discharged from the
hospital to schedule a follow up appointment.

| may need to make follow-up appointments after | am discharged from the
hospital. My medical team on my next patient care unit will help me confirm if |
need to make these appointments.

Changes in my daily activities

Sleeping Select an item or type your recommendation
Bathing Enter OT recommendations

Eating Enter SLP recommendations

Walking Enter recommendations

Exercise Enter recommendations

Driving Select an item or type your recommendation
Working Enter recommendations

@ My follow up appointments

O The ICU Recovery Clinic may call me after | have been discharged from
the hospital to schedule a follow up appointment.

I need to attend follow-up appointments after | am discharged from the
hospital.

Service: Service
Name: Provider Name
Reason: Enter reason for appointment.

Service: Service

Name:

Reason: Enter reason for appointment.

O Booked for me:  Date and time:

O The clinic will call me to arrange date

O | am to book the appointment which | should schedule for: Enfer time
frame

Additional details:

Click here to enter tests and reason for test

P> -
- -
O | may need to make appointments for follow-up tests after | am discharged Test: Service
from the hospital. My medical team on my next patient care unit will help me Name: Provider Name )
confirm if | need to have these tests. Phone: Location:

Reason for test:
O Booked for me: Date and time
O The Provider Name lab/clinic will call me to arrange appointment

O | am to book the appointment which should be scheduled: Enter time
frame

Additional details:

(i

Information that | may find useful in my recovery
To providers completing the summary, please delete the tables that are not
relevant for the patient. Add resources that may be helpful to the patient in his/her
post-ICU recovery by copying and pasting the blank table.

Resource: Intensive Care: A guide for you and your family
Website: https://myhealth.alberta.ca/HealthTopics/ICU-a-quide
For questions about..... what patients and their families may be experience

while in the ICU and what recovery may involve. There
are sections specific to ‘Leaving the ICU’ and ‘Going
Home'.

Current Resource List:

e |CU Delirium

ICU Recovery Clinic

My Health Alberta

Addictions Help

Mental Health Services

Distress Centre

Information that | may find useful in my recovery
To providers completing the summary, please delete the tables that are not
relevant for the patient. Add resources that may be helpful to the patient in
his/her post-ICU recovery by copying and pasting the blank table.

Resource:  Intensive Care: A guide for you and your family
Website: https://myhealth.alberta.ca/HealthTopics/ICU-a-quide
For questions about..... what patients and their families may be

experience while in the ICU and what recovery
may involve. There are sections specific to
‘Leaving the ICU’ and ‘Going Home'.

Current Resource List:

e ICU Delirium

ICU Recovery Clinic

My Health Alberta

Addictions Help

Mental Health Services

Distress Centre

Additional ICU Instructions: Enter any additional information that the patient
may need to know concerning their stay in ICU

Additional ICU Instructions: Enter any additional information that the
patient may need to know concerning their stay in ICU

on

Notes:

To providers completing the summary, once you have entered the information into the summary, print a copy to review with the patient and/or family member. After
effective education is completed, hand write the names of the individuals who participated in the education below.

have reviewed ’s ICU transition summary together

DOI: 10.5492/wjccm.v11.i4.255 Copyright ©The Author(s) 2022.

Figure 1 A side-by-side comparison of the patient-oriented discharge summary intended for patients being discharged from the intensive
care unit to another care unit (left) and the patient-oriented discharge summary intended for patients being discharged from intensive

care unit to a community care setting, including their home (right).
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319 patients discharged
alive from the study ICUs
August 12, 2019 to
March 1, 2020
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277 Patients Excluded
181 short ICU stay <24 hours (insufficient|
time/personnel available to recruit)
57 weekend discharge
39 not approached on recommendations
of clinical team

3 Patients Declined to 42 patient 11 Patients Ineligible
Participate appF:'?)algrr:efj 10 non-english speaking and/or
2 too overwhelmed unable to provide consent
1 family not present J 1 enrolled in other studies

31 patients satisfied
inclusion criteria

19 Did not receive PODS-ICU
11 study nurse not on shift or no
nurse assigned to patient

8 insufficient time

l

—4 28 Patients Consented

to Participate

|

9 received
PODS-ICU

DOI: 10.5492/wjccm.v11.i4.255 Copyright ©The Author(s) 2022.

Figure 2 Patient recruitment and reasons for exclusion of certain patients. ICU: Intensive care unit; PODS-ICU: Patient-oriented discharge summary

tool.
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being enrolled in another study. Of the 31 eligible patients, 28 (90.3%) consented to be part of the study.
Patients who declined to participate in the study indicated that they felt too overwhelmed to participate
(n=2;9.70%) or that their family was not present at the time they were approached (1 = 1; 6.70%). Nine
(32.1%) of the consented patients were administered PODS-ICU by the ICU research team nurses, while
19 (68.0%) patients did not receive PODS-ICU because there was either no research team nurse available
to administer the tool (n = 11; 40.0%), or there was insufficient time for the research team nurse to
complete the PODS-ICU (n = 8; 28.6%) prior to discharge. Twenty-one (75.0%) family-caregivers for the
28 participating patients consented to participate in the study.

The nine patients who received the PODS-ICU were primarily female (1 = 6; 66.7%) with a mean age
of 63 years with at least some post-secondary education (1 = 6; 66.7%). Family-caregivers were primarily
women (n = 55.6%) with a mean age of 62 years, and most had some post-secondary education (n =
55.6). Of the 21 family-caregivers that consented to participate in the study, 6 caregivers (66.7%) for the 9
patients who were administered the PODS-ICU received information about the patient’s transition from
the ICU. Once enrolled, no patients or family-caregivers withdrew from the study. Demographic charac-
teristics of participating patients and family-caregivers are listed in Table 1.

Participants’ reported experiences: Of the 15 participants (9 patients and 6 family-caregivers) who
received the PODS-ICU, 13 felt that their discharge from the ICU was good (1 = 4; 30.1%), very good (n
=5; 38.5%), or excellent (n = 4; 31.0%)) (Figure 3A). Over half of participants (1 = 9; 60.0%) felt they were
moderately, very, or completely engaged in thinking about the ICU transition process (Figure 3B). Most
participants stated they had a good or better understanding of the medical condition that brought the
patient to the ICU (n = 11; 73.3%) and that they understood the events that happened in the ICU and the
impact of the ICU stay on the patient’s health (n = 11; 73.3%) (Figure 3C). When asked about the ICU
discharge, most participants (n = 12; 80.0%) said they had a conversation with the ICU team to discuss
the transition and next steps (Figure 3D).

Clinician reported experiences: Participating nurses completed the feedback questionnaire for 10
(66.7%) of the 15 patients who had a PODS-ICU completed. It took the study nurses an estimated 45 min
on average to complete the PODS-ICU tool (median 25 min) and an additional 30 min on average to
review it with the patient and/or family-caregiver (median 15 min). Key data from the survey (which
included closed and open-ended questions) are displayed in Table 2.

Participating RNs and NPs reported, that: (1) Patients and family-caregivers appreciated the
information the tool provided; (2) Discharge timing often did not allow for an opportunity to complete
and teach-back the PODS-ICU, or to do it well; and (3) The process of filling out the PODS-ICU was too
time-consuming and did not fit well into the clinical workflow. Select comments received from research
team RNs/NPs are shown here: “As I am the provider and tasked with not only putting together the
PODS, but contacting community physicians, arranging for outpatient follow up, writing Rx, faxing
pharmacies, collaborating with multi-disciplinary teams (like PT/OT/Transitions) reviewing with both
patient and family, then returning back to discuss in addition to caring for up to 10 other ICU patients, I
have to say a big NO to reasonable in my current work flow. I have come in often on my days off to
facilitate patient discharges. Ideas to optimize: once patient is flagged for ICU-Home discharge then

July 9,2022 | Volumell | Issue4 |
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Table 1 Demographic characteristics of participating patients and family-caregivers who received the patient-oriented discharge

summary and completed the follow-up survey

Number of participants (n)

Patients total n=9 Family caregivers total n = 6
Age, mean (range) 63 (54-69) 62 (40-70)
Female 6 (66.7%) 5(83.3%)
Education High school or less 3(33.3%) 1(16.7%)
Some post-secondary 2(22.2.%) 3 (50.0%)
Post-secondary 4 (44.4%) 2(33.3%)

Table 2 Clinician semi-structured survey quantitative results (n = 10)

Total responses, n =10

Respondents Nurse practitioner 3(30.0%)
Registered nurse 4 (40.0%)
Unknown/response missing 3 (30.0%)
Role in PODS-ICU implementation Completed and delivered' 9 (90.0%)
Completed only 1(10.0%)
Main PODS-ICU delivery recipient Patient only 4 (40.0%)
Friend/family only 2(20.0%)
Patient and family /friend 4 (40.0%)
Time taken to complete PODS-ICU 0-15 min 3 (30.0%)
16-30 min 3 (30.0%)
31-45 min 1(10.0%)
46-60 min 0 (0.00%)
61+ min 2(20.0%)
Unknown/response missing 1 (10.0%)
Time spent discussing PODS-ICU with recipient 0-15 min 6 (60.0%)
16-30 min 0(0.00%)
31-45 min 1 (10.0%)
46-60 min 1(10.0%)
61+ min 0(0.00%)
Unknown/response missing 2 (20.0%)

"Delivered (in role in patient-oriented discharge summary (PODS-ICU) refers to whether a teach-back session was conducted or whether the ICU nurse

only completed the PODS-ICU). PODS: Patient-oriented discharge summary; ICU: Intensive care unit.

JBaishideng®

”,ou

start the process at least 24-48 h prior to d/c home”; “Family was very appreciative, the patient's wife
seemed to find it more difficult to retain information covered, patient's daughter was taking notes to
refer back to and was able to follow along better. Wife expressed she was overwhelmed with everything
and was glad to be getting a written summary”; “Time constraint was the most problematic on my part,
felt like teach back was rushed”.

DISCUSSION

We designed and pilot tested the PODS-ICU, a patient- and family-caregiver- focused written discharge
summary tool to provide critically ill patients and their family-caregivers with key information on the
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...someone close to me received information needed
about ICU transition
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0% 25% 50% 75% 100%
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Figure 3 Data display of key questions from the follow-up surveys administered to patients and family-caregivers to collect their
feedback on transitioning from the intensive care unit. Data is displayed in percentages. ICU: Intensive care unit; PODS: Patient-oriented discharge

summary.
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patient’s stay in ICU, transition (i.e., discharge) from the ICU, and what to expect post-ICU. Our pilot
study showed that the PODS-ICU was well accepted and participants viewed their discharge from the
ICU positively when it was used. However, the pilot study also showed that while the tool had high
acceptability, it was not feasible to administer in the ICU settings as: (1) The time to discharge varies for
each patient and current clinical practices did not allow for the tool to be consistently delivered; and (2)
Clinicians found the PODS-ICU to be time consuming and fit poorly within their clinical workflow.

The practice of providing written information to patients and/or their family-caregivers at the point
of discharge from the ICU remains uncommon, with very few existing tools to aid in that process[31,
36]. Previous evaluations of written discharge communications for patients and family-caregivers in
ICU have shown that these tools can improve family-caregiver satisfaction with care in the ICU,
decrease family-caregiver ‘transfer’ anxiety around transitions from the ICU, help patients and families
understand and accept ICU events, help ‘fill in the gaps’ for patients with memory lapses, and improve
longer term patient outcomes[37-44]. In developing the PODS-ICU tool, we relied on the pre-existing
OpenLab PODS tool and input from patient-partners to ensure the tool addressed specific informational
needs of patients in the ICU (e.g., summary of ICU events, medications, upcoming tests and appoi-
ntments, what to expect during recovery, resources for help)[21,27,45]. This allowed the PODS-ICU to
support reliable delivery of essential information from clinicians to patients and family-caregivers at
discharge from the ICU, whether the patient was being transferred to a ward in the hospital or directly
home. In our study, clinicians reported the PODS-ICU tool to generate comprehensive and beneficial
summaries. Interestingly, previous evaluations of summary tools have reported similar challenges to
those we observed in implementing the PODS-ICU, such as varying clinician motivation to complete the

WJCCM | https://www.wjgnet.com 263 July9,2022 | Volumel1l | Issue4 |



Shahid A et al. ICU discharge summary for patients

Jaishideng®

tool due to lack of time, competing priorities, and/or negative perceptions of the tool’s utility[40]. Due
to these limitations, clinicians in our study struggled with the feasibility of incorporating this tool into
their workflow.

Outside of ICU settings, patient-centered discharge communications (both written and oral) have
shown benefit in cardiovascular, maternity and neonatal, and surgical settings. Like the PODS-ICU,
discharge communications in other settings have aimed to convey information on next steps (e.g., what
to expect), identification and management of risk factors and complications (e.g., when to seek care, pain
management), and medications from healthcare providers to patients and their families[46-57]. Similarly
to the PODS-ICU, many discharge communications from various acute care settings have been reported
as time consuming and adding to healthcare provider workload[40,45,57,58]. However, they have also
been reported to reduce hospital readmissions, improve treatment adherence, and enhance patient
satisfaction and can be considered important to successful transitions in care[40,57,58]. This suggests a
high value to improving upon ICU discharge tools (like the PODS-ICU), which could be expected to
have cost-savings comparable to discharge communications between hospital and community-based
healthcare providers[59].

Pilot implementation of the PODS-ICU highlights important opportunities to improve clinician-
patient communication during a discharge from the ICU. These include: 1) earlier discharge planning (i.
e., preparation for discharge begins as soon as a patient is admitted), 2) integration of discharge
communication with electronic clinical information systems, and 3) regular incorporation of teach-back
into clinician-patient communications. At a practical level, earlier discharge planning could prompt
clinicians to begin completing parts of the discharge summary as soon as a patient is admitted, perhaps
fitting better into their workflow. Electronic clinical information systems provide the potential to
partially automate the population of patient data into discharge summaries, a time-consuming aspect of
the PODS-ICU. Pre-population of discharge summaries with patient data can increase efficiency and
potentially reduce the risk of human transcription error[60,61]. Finally, incorporating the teach-back
method into clinician-patient and clinician-family-caregiver communications, an important aspect of the
PODS-ICU and recommended by the Agency for Healthcare Research and Quality (AHRQ), has been
shown to improve patients” understanding of their health information[62,63]. This could foster better
connections between patients and clinicians[34], further benefitting communication efforts. Apart from
the above discussed methods to increase time efficiency of completing the PODS-ICU (i.e., earlier
discharge planning, integration with electronic clinical information systems), further engaging patients
and families to modify the PODS-ICU to only include information important to patients may be a
valuable refinement to the tool.

There are a number of limitations to consider when interpreting the results of our pilot study. First,
only a small number of participants (1 = 9 patients and n = 6 family-caregivers) received the PODS-ICU
tool. Although we were able to ascertain some reasons for the low delivery of PODS-ICU (i.e.,
availability of research team nurses and time required to complete the tool), an assessment by more
patients, family-caregivers and clinicians could provide more insights into the usability of the tool.
Second, we pilot tested the PODS-ICU in two study ICUs in a single city (Calgary) in Canada. We
recognize that ICU populations differ in type and severity of illness and some ICU staff may have more
capacity to implement the PODS-ICU. As the OpenLab’s PODS has shown the potential to improve
patient outcomes in various care settings[21,45], the PODS-ICU may be more successful in settings
where it is better integrated into clinician work flow[45].

CONCLUSION

We developed a written discharge summary tool (PODS-ICU) that provides patients and their family-
caregivers with the essential information they need as they transition out of the ICU. While the PODS-
ICU may require pairing with earlier discharge practices and integration with electronic clinical
information systems to fit better into the clinical workflow, the tool has the potential to engage and
empower patients and family-caregivers in ensuring continuity of care. Further refinement and testing
of the PODS-ICU tool in diverse ICUs is needed to determine its broader feasibility and the effects on
patient health outcomes as well as patient-centered care.

ARTICLE HIGHLIGHTS

Research background

Gaps in discharge communication can leave critically ill patients vulnerable to stress, poor health
outcomes, and death. There are no standard written discharge summaries available for critically ill
patients and their families.
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Research motivation

Written discharge summaries can provide patients and their families with important information (e.g.,
medications, activity and diet restrictions, follow-up appointments, symptoms to expect, who to call if
there are questions).

Research objectives

To develop and pilot test a patient-oriented discharge summary tool for critically ill patients and their
families.

Research methods

We worked alongside former critically ill patients and their families, clinicians, and researchers to
discuss patient needs and develop a written discharge summary tool. Intensive care unit nurses piloted
the tool in two intensive care units in Calgary, Canada. Research team members administered follow-up
surveys to patients, family participants, and ICU nurses on the impact of the summary tool on
discharge.

Research results

Most participants felt the discharge summary tool was useful and informative. Most participants
reported that they understood intensive care unit events and impacts on the patient’s health.
Participating intensive care unit nurses reported time constraint in completing the discharge summary
tool and encouraged refinement of the tool.

Research conclusions
The patient-oriented discharge summary tool could benefit from further refinement and testing in
diverse critical care settings to better assess its feasibility and its effects on patient health outcomes.

Research perspectives

Written discharge communication provides patients and their families with essential information as
they discharge from the intensive care unit. Future directions for a written patient-oriented discharge
summary tool for critically ill patients include pairing the tool with earlier discharge practices and
integrating the tool with electronic clinical information systems to fit better into the clinical workflow
for ICU nurses.
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Abstract

BACKGROUND

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative
agent of the ongoing coronavirus disease 2019 (COVID-19) pandemic. Unders-
tanding the physiological and immunological processes underlying the clinical
manifestations of COVID-19 is vital for the identification and rational design of
effective therapies.

AIM

To describe the interaction of SARS-CoV-2 with the immune system and the
subsequent contribution of hyperinflammation and abnormal immune responses
to disease progression together with a complete narrative review of the different
immunoadjuvant treatments used so far in COVID-19 and their indication in
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severe and life-threatening subsets.

METHODS

A comprehensive literature search was developed. Authors reviewed the selected manuscripts
following the PRISMA recommendations for systematic review and meta-analysis documents and
selected the most appropriate. Finally, a recommendation of the use of each treatment was
established based on the level of evidence of the articles and documents reviewed. This
recommendation was made based on the consensus of all the authors.

RESULTS

A brief rationale on the SARS-CoV-2 pathogenesis, immune response, and inflammation was
developed. The usefulness of 10 different families of treatments related to inflammation and
immunopathogenesis of COVID-19 was reviewed and discussed. Finally, based on the level of
scientific evidence, a recommendation was established for each of them.

CONCLUSION

Although several promising therapies exist, only the use of corticosteroids and tocilizumab (or
sarilumab in absence of this) have demonstrated evidence enough to recommend its use in
critically ill patients with COVID-19. Endotypes including both, clinical and biological character-
istics can constitute specific targets for better select certain therapies based on an individualized
approach to treatment.

Key Words: COVID-19; Critically ill patients; Treatment; Immunomodulary drugs; Phenotype;
Immunosupression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Two years after the onset of the pandemic the search for the most appropriate treatment of
coronavirus disease 2019 (COVID-19) continues. Few treatments have been evaluated in the context of
critically ill patients with COVID-19 considering it in most clinical trials as a negative “end point” of the
disease rather than a study subject. This fact makes it extremely difficult to establish degrees of
recommendation regarding the different therapeutic options currently available. This review aims to
summarize the immunopathogenesis and the current evidence regarding the different immunomodulatory
strategies tested in critically ill patients with COVID-19. In addition, the presence of different
immunophenotypes that in the future will serve as a basis for individualized treatments is demonstrated.

Citation: Andaluz-Ojeda D, Vidal-Cortes P, Aparisi Sanz A, Suberviola B, Del Rio Carbajo L, Nogales Martin L,
Prol Silva E, Nieto del Olmo J, Barberan J, Cusacovich I. Immunomodulatory therapy for the management of
critically ill patients with COVID-19: A narrative review. World J Crit Care Med 2022; 11(4): 269-297
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INTRODUCTION

In late 2019, a virus, currently named coronavirus disease 2019 (COVID-19), caused an outbreak of 27
acute respiratory distress syndrome cases related to a seafood market in Wuhan, China. From that
moment, the virus has spread rapidly worldwide until, on March 11*, the World Health Organization
(WHO) classified it as a pandemic[1]. As of July 24", 2021, more than 190 million people have been
infected, and it has caused more than 4 million deaths|2].

Although most people with COVID-19 have only mild or uncomplicated symptoms, 10%-15%
requires hospitalization and oxygen therapy[3,4]. From the beginning, a large number of patients
presented severe respiratory failure, needing mechanical ventilation (MV) and intensive care unit (ICU)
admission, exceeding the capacity of many of them and turning COVID-19 into a challenge for health
systems all over the world[5-9]. Furthermore, we observed a relationship between ICU caseload and
mortality[10,11].

The lack of an available, effective treatment has led to a spate of treatment recommendations[12-15],
which are not always backed by sufficient scientific evidence[16,17]. We paid particular attention to a
presumed specific cytokine storm secondary to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection[18-20], with a special effort to modulate the inflammatory response of these patients.
One year after the onset of the disease, many questions remain unanswered, and we continue to search
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for the most appropriate treatment. This review aims to summarize the current evidence regarding the
different immunomodulatory strategies tested in critically ill patients with COVID-19.

MATERIALS AND METHODS

A comprehensive literature search was developed by using the keywords: “immunotherapy”,

”oou oy ”ou

“immunosuppressives”, “haemophagocytic syndrome”, “inflammation”, “antimalarials”, “hydroxy-
chloroquine”, “chloroquine”, “anakinra”, “canakinumab”, “tocilizumab”, “sarilumab”, “corticost-
eroids”, “dexamethasone”, “methylprednisolone”, “immunoglobulins or convalescent” “JAK
inhibitors”, “cyclosporine”, “colchicine”, “statins”, “interleukin 7”, “thymosin”, “PD1 and PD1-L
blockers”. We restricted the search to: “SARS-CoV-2", “COVID-19”, “severe COVID-19” and
“treatment” to identify articles published in English from MEDLINE, PubMed, and The Cochrane
Library (until January 2021). The meta-analysis, clinical trials, case-control or cohort studies, brief
reports, reviews, and systematic reviews were included. Reference Citation Analysis, an artificial
intelligence technology-based open citation analysis database was employed. Current international
guidelines on the management of COVID-19 were also retrieved and included (Centers for Disease
Control and Prevention, European Centre for Disease Prevention and Control, Infectious Diseases
Society of America, WHO, National Health Service, Spanish Society of Intensive Care Medicine).
Articles in preprint format were also evaluated if they were considered relevants and well designed.
The authors reviewed the selected manuscripts and selected the most appropriate. Finally, we
established a recommendation of the use of each treatment based on the level of evidence of the articles
and documents reviewed. This recommendation was made based on the consensus of all the authors.
We carried out the rest of the work methodology following the PRISMA recommendations for
systematic review and meta-analysis documents (http://prisma-statement.org/PRISMAStatement
/ Checklist).

RESULTS

Viral infection and the inflammatory response

SARS-CoV-2 infects cells that express surface receptors for angiotensin-converting enzyme 2 (ACE-2)
like airway epithelial cells, type II pneumocytes, vascular endothelial cells, and macrophages in the
lung, and transmembrane protease, serine 2[21-23]. Active replication and release of the virus cause the
host cell to undergo pyroptosis and release of damage-associated molecular patterns, including nucleic
acids, adenosine triphosphate (ATP), and atypical squamous cell oligomers. These molecules are
recognized by neighboring epithelial cells, endothelial cells, and alveolar macrophages, triggering the
liberation of proinflammatory cytokines and chemokines [including interleukin (IL)-2y, IL-6, IL-8,
granulate-macrophage colony-stimulating factor, macrophage inflammatory protein 1o (MIP1a), MIP1p,
and monocyte chemoattractant protein 1]. These mediators attract macrophages, monocytes, and T
lymphocytes to the site of infection, promoting increased inflammation and establishing a pro-inflam-
matory feedback loop[24]. This inflammatory response is much more exaggerated in the subgroup of
patients who require ICU admission and those with fatal outcomes and affects different organs and
systems, including the endothelium[25-28].

Dysregulated immune response and COVID-19 immunophenotypes
In severe COVID-19, many patients express a dysregulated immune response characterized by a
defective adaptive response and an exacerbated innate immune response. This situation leads to poor
control of the virus, and overproduction of proinflammatory cytokines that initially damage lung
infrastructure[29-31]. A cytokine storm similar to that in hemophagocytic syndrome has been described
in a subgroup of COVID-19 patients with elevated levels of proinflammatory cytokines, particularly
soluble receptor for IL-2y, IL-6, and tumor necrosis factor-o (TNF-a)[32]. The resulting hypercy-
tokinemia extends to other tissues and can cause considerable organic damage[28]. This finding would
justify the use of immunosuppressive therapies such as corticosteroids or cytokine-targeted therapy.
Inflammation is not always the dominant phenomenon in COVID-19[33-35]. Different authors have
revealed that in many severe cases of COVID-19 the presence of immune downregulation with
profound immunosuppression as primary phenomenon precedes hyperinflammation. These immuno-
logical alterations are varied and can be classified into different subsets or phenotypes[30,36,37]. One of
these immunophenotypes would be characterized by the presence in most patients with severe COVID-
19 of coexisting alterations in numbers, subset composition, cycling, activation, and gene expression of T
cells. Numerous studies show a relationship between profound lymphopenia with a worse prognosis
and higher mortality in COVID-19[38-40]. This lymphopenia affects the different subsets of T cells, and
the cause is not well established. We postulate several causes: T cell exhaustion, migration and sequest-
ration of T cells to affected tissues (especially the lungs), a deficit of lymphopoiesis induced by the
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presence of hypercytokinemia, or an increase in apoptosis mediated by a virus-induced overexpression
of type 1 programmed death receptors (PD-1) and its ligand (PD-L1).

Another immunophenotype is characterized by decreased antigen presentation capacity,
demonstrated by a deficit in human leukocyte antigen-DR expression in mononuclear-phagocytic
system cells, particularly in intermediate monocytes. We observed this phenotype in more than 50% of
severe and critical forms of COVID-19, and it is inversely related to the inflammatory activity mediated
by cytokines such as IL-6[37,41]. In this regard, hypercitokinemia (both: Pro and anti-inflammatory
cytokines) is another typical phenotype in severe forms of COVID-19. IL-6, IL-8, IL-1f, and IL-10 levels
were higher in COVID-19, and the increases were severity-related. Induced protein 10 (IP-10) CXCL10, a
chemokine rapidly and transiently induced following vaccination and other virus infections, almost
invariably increased in COVID-19 and was severity-related[42]. Thus, many patients with COVID-19
were described by a severity-related triad of IP-10, IL-6, and IL-10[20,32,36,43]. Finally, emerging data
indicate that complement and neutrophils contribute to an inadequate immune response that fuels
hyperinflammation and thrombotic microangiopathy, increasing COVID-19 mortality. High plasma
levels of neutrophil extracellular traps, tissue factor activity, and sC5b-9 were detected in critical
patients[44,45]. All these conditions constitute immune signatures associated with a worse prognosis of
COVID-19 that, on the other hand, could also suppose therapeutic targets.

Antimalarials: Hydroxychloroquine and chloroquine

Hydroxychloroquine (HCQ) is an antimalarial 4-aminoquinoline that showed in vitro activity against
various RNA viruses, including SARS-CoV-2[46]. Some authors believe that HCQ acts against SARS-
CoV-2 through multiple mechanisms[47]: Inhibition of viral entry; inhibition of viral release in the host
cell; reduction of viral infectivity and immune modulation.

The absence of efficacious treatment tools at the beginning of the pandemic led to the wide use of
chloroquine and HCQ. Thus, in several controlled studies carried out in Chinese hospitals, chloroquine
treatment was able, compared to controls, to prevent the development of pneumonia, improve the
radiological lung image, accelerate the elimination of the virus and shorten the duration of the disease
[48-50]. Similarly, a French study with a small sample size found that treatment with HCQ accelerated
conversion to a state of seronegativity for the virus[51]. However, these studies had significant method-
ological limitations that made their results questionable.

Nowadays, the body of evidence on HCQ e showed no benefit in terms of mortality reduction,
invasive MV requirements, or time to clinical improvement. Until now, 31 randomized controlled trials
(RCTs), including 16536 patients, have compared HCQ or chloroquine against standard of care or other
treatments. The Recovery trial was the biggest, with over 11800 patients randomized to different
treatment arms. 1561 patients were randomized to receive HCQ and 3155 to receive usual care after an
interim analysis determined a lack of efficacy. Death within 28 d occurred in 421 patients (27.0%) in the
HCQ group and in 790 (25.0%) in the usual-care group [rate ratio (RR) = 1.09; 95% confidence interval
(CI): 0.97-1.23; P = 0.15]. The results suggested that patients in the HCQ group were less likely to be
discharged from the hospital alive within 28 d than those in the usual-care group (59.6% vs 62.9%; RR =
0.90; 95%Cl: 0.83-0.98). Moreover, among the patients who were not undergoing MV at baseline, those
in the HCQ group had a higher frequency of invasive MV or death (30.7% vs 26.9%; RR = 1.14; 95%ClI:
1.03-1.27)[52]. More recently, in the Solidarity trial, 947 patients were assigned to receive HCQ. Death
occurred in 104 of 947 patients receiving HCQ and in 84 of 906 receiving its control (RR =1.19; 95%ClI:
0.89-1.59; P = 0.23)[53].

The main RCTs that have compared the effect of HCQ or chloroquine on mortality have been
included in two metanalyses. The one made by the WHO combined the Recovery and Solidarity trials
with other six smaller studies involving hospitalized patients with suspected or confirmed COVID-19.
The results of this metanalysis showed that HCQ or chloroquine probably increase mortality, RR = 1.08
(95%CI: 0.99-1.19); does not reduce invasive MV requirement; RR = 1.05 (95%ClI: 0.9-1.22) and may not
improve time to symptom resolution, RR = 1.05 (95%ClI: 0.94-1.18)[54]. These results are consistent with
other published metanalysis that included 28 published or unpublished RCTs, with 10319 patients,
obtaining a combined odds ratio (OR) on all-cause mortality for HCQ of 1.11 (95%CI: 1.02-1.20; I? = 0%;
26 trials; 10012 patients) and a combined OR for chloroquine of 1.77 (95%CI: 0.15-21.13, I2 = 0%; 4 trials;
307 patients)[55]. In contrast, in a recent retrospective observational study conducted by Schlesinger et al
[56] in 3451 unselected patients hospitalized in 33 clinical centers in Italy, HCQ use was associated with
a 30% lower risk of in-hospital death COVID-19 hospitalized patients. In conclusion, awaiting new
randomized clinical trials focused on critically ill patients, the treatment with HCQ is associated with
increased risk of mortality in COVID-19 patients, and there was no benefit of chloroquine. For these
reasons, its use is discouraged in patients with severe COVID-19 infection.

Colchicine

Colchicine has been in the spotlight as a treatment for SARS-CoV-2 infected patients given its anti-
inflammatory and antiviral properties, which lead to the hypothesis that it might be beneficial with the
systemic inflammation observed in the most severe cases. Many are the mechanism of action involved
in colchicine’s properties, but they are underpinned mainly by inhibiting neutrophil chemotaxis by
interfering with microtubule formation, modulation of proinflammatory cytokines, and attenuation of
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Table 1 Summary of studies addressing interleukin-1 blockers on coronavirus disease 2019

Ref. Patients Intervention Comparison Outcome
CORIMUNO-19 Hospitalized patient with mild- Anakinra (200 mg twice a day on Standard care (n = No difference in NIV/MV/death at day 4.
Collaborative to-moderate pneumonia, non-  days 1-3, 100 mg twice on day 4,  55) Stopped early following the
group[74], RCT ICU admitted 100 mg once on day 5) (n = 59) recommendation of the data and safety
monitoring board
Cavalli et al[75], Pneumonia with moderate-to- ~ Anakinra (high dose: 5 mg/kg Standard care Survival. High-dose anakinra: 72%, SC:
observational severe ARDS and hyperinflam-  twice a day intravenously, n = (retrospective 56%, P =0.009
mation (non-MV, non-ICU 29; or low dose: 100 mg twicea  cohort) (n = 16)
admitted) day subcutaneously, n = 7)
Huet et al[76], Bilateral pneumonia (non-ICU  Anakinra (100 mg twice daily for Standard care Death/MV. Anakinra: HR = 0.22 (95%CI:
observational admitted) 72 h, followed by 100 mg daily (historical group) ( 0.11-0.41), P < 0.0001. Death. Anakinra: HR
for 7 d) (n =52) n =44) =0.30 (95%ClI: 0.12-0.71), P = 0.0063. MV:
Anakinra: HR = 0.22 (95%CI: 0.09-0.56), P
=0.0015

Kooistra et al[77],
observational

ICU admitted pneumonia (MV:  Anakinra (300 mg iv, followed Standard care (n = No differences in duration of MV, ICU
100%) by 100 mg iv/6 h) (n = 21) 39) length of stay, or mortality

RCT: Randomized clinical trial; ICU: Intensive care unit, NIV: Non-invasive ventilation; MV: Mechanical ventilation; ARDS: Acute respiratory distress

syndrome; HR: Hazard ratio; SC: Standard of care; CI: Confidence interval.
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NOD-like receptor family pyrin domain containing 3 inflammasome formation, among others[56].

Several studies have explored the potential risk-benefit ratio of colchicine in ambulatory and
inpatient based on its properties. A meta-analysis reported a survival benefit (OR = 0.62; 95%ClI: 0.48-
0.81) of patients with Colchicine treatment with a tendency towards a decreased need of MV [0.75
(95%CI: 0.45-1.25)][57]. However, most studies focus on the out-hospital or mild cases of COVID-19
patients. Not much has been reported about colchicine in the most severe cases. In this sense, Scarsi et al
[58] observed that colchicine was independently associated with survival [hazards ratio (HR) = 0.151;
95%CI: 0.062-0.368] despite it was given to patients with worse PaO,/FiO,. Similarly, Brunetti et al[59]
also observed a significant decreased mortality in patients with severe COVID-19 among those who
received colchicine (OR = 0.20; 95%CI: 0.05-0.80; P = 0.023).

To date, only one prospective, open-label, randomized trial has explored the potential benefits of
colchicine among severe COVID-19 patients. In this trial, patients who received colchicine did show an
improved time to clinical deterioration compared to those without colchicine[60]. However, recently,
the RECOVERY trial closed the recruitment of colchicine for hospitalized COVID-19 patients after a
review did not observe any clinical benefit[61].

In conclusion, given the disparity, we cannot recommend colchicine despite initial data being
promising until further evidence. Among more than 30 clinical randomized trials ongoing analyzing the
effect of Colchicine in COVID-19, only 3 focus specifically on severe cases or patients admitted to the
ICU: In particular ECLA PHRI COLCOVID Trial (NCT04328480), COMBATCOVID trial
(NCT04363437), and COLHEART-19 (NCT04762771). These trials will explore the requirement for MV,
severe complications, or death among moderate-to-severe hospitalized COVID-19 patients.

Calcineurin inhibitors: Cyclosporine A and tacrolimus

Cyclosporine A and tacrolimus (also called FK-506) are immunosuppressive drugs known to prevent
rejection after organ transplantation and for autoimmune diseases. These drugs bind to different cellular
cyclophilins and FK506-binding proteins, respectively. This binding inhibits calcineurin (calcium-
calmodulin-activated serine/threonine-specific phosphatase) blocking the translocation of the nuclear
factor of the activated T cells from the cytosol to the nucleus, preventing the transcription of several
genes that encode key cytokines involved in different immunological mechanisms[62-64].

Cyclosporin A binds cyclophilin A, which is essential for the replication of, among other viruses,
SARS-CoV-2[65]. Therefore, the binding of cyclosporin A with the corresponding cyclophilin can block
the replication of SARS-CoV-2[66]. Tacrolimus binds to FK506-binding proteins and inhibits calcineurin,
in addition to suppressing the early phase of T-cell activation and the expression of numerous cytokines
(IL-2, IL-4, TNF-a, INF-y), which are necessary for the activation of the T cell in the immune response,
perhaps preventing the cytokine storm seen in severe COVID-19 pneumonia[67].

In vitro evidence of inhibition of cyclosporine-mediated replication of various coronaviruses
(including SARS) has been found. The cyclosporin analog, alisporivir, has been reported to inhibit
SARS-CoV-2 in vitro but has never been tested in a clinical setting[68]. Given the antiviral and anti-
inflammatory properties of calcineurin inhibitors, they could have the potential to prevent the
uncontrolled inflammatory response and replication of SARS-CoV-2, in addition to acute lung injury.
However, there is not enough evidence to recommend its use in severe COVID-19. Currently, several
clinical trials are studying the possible benefit of the administration of cyclosporine (NCT04492891,
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NCT04540926, and NCT04341038) or tacrolimus (NCT04341038) in the treatment of hospitalized
patients with pneumonia due to COVID-19. Unfortunately, to date, there are no studies with these
drugs focused on critically ill patients.

IL-1 blocker: Anakinra, canakinumab

Anakinra is a recombinant human IL-1 receptor antagonist that blocks the activity of the proinflam-
matory cytokines IL-1a and IL-1B, and it is approved to treat patients with rheumatoid arthritis, Still’s
disease, and some rare auto-inflammatory syndrome. Reanalysis of data from a phase III randomized
controlled trial showed anakinra is related to a significant improvement in survival in the subset of
septic patients with features of macrophage activation syndrome (MAS)[69,70].

MAS is a subgroup of secondary hemophagocytic lymphohistiocytosis mainly appearing in rheumat-
ologic disorders. It is an acute syndrome with a hyperinflammatory immune state characterized by the
activation and expansion of macrophages and T-lymphocytes. This persistent activation leads to a
cytokine storm with high IL-1, IL-6, IL-18, soluble IL-2 receptor (CD 25), IFN-y, and TNF-q, and is
thought to be responsible for the multiorgan failure and the high mortality of this syndrome[71,72].

A subgroup of severe COVID-19 patients shows hyperinflammatory symptoms similar to MAS, with
the release of IL-1, IL-6, IL 18, and IFN-y, and the evidence shows a direct correlation between the
severity of systemic inflammation, progression to respiratory failure, and fatal outcome[73,74]. For this
reason, it has been proposed to treat this patient subgroup with anakinra. At the date, only the RCT
CORIMUNO-ANA-1 investigating the role of anakinra in COVID-19 patients has been published[75]. In
this trial, patients were randomized to intravenous anakinra or usual care in mild-to-moderate COVID-
19 pneumonia (not requiring ICU admission) with serum C-reactive protein (CRP) levels higher than 25
mg/L. They could not demonstrate that the use of anakinra effectively reduced the need for non-
invasive ventilation (NIV), MV, or mortality. The study was stopped due to futility. Another trial within
the CORINOMUNO platform (CORINOMUNO-ANA-2) aimed to assess the effect of anakinra in
patients with more severe COVID-19 patients (ICU admitted) has now been completed, and it is being
analyzed.

Few observational studies analyze the treatment with anakinra in COVID-19 patients, and they have
methodological limitations (Table 1). Cavalli et al[75] have analyzed high-dose (5 mg/kg twice daily) of
intravenous anakinra compared to standard care: Higher survival rate and progressive improvements in
PaO,/FiO, ratio have been observed, without significant differences in days free of MV. Huet et al[76]
have studied subcutaneous anakinra vs standard treatment, and they observed that anakinra
significantly reduced the need for MV or mortality. The control group was a historical cohort with high
mortality (about 50%).

Kooistra et al[77] have analyzed mechanically ventilated COVID-19 patients treated with intravenous
anakinra vs standard care in critically ill patients. Anakinra has been linked to a significant reduction in
clinical signs of hyperinflammation, without significant differences in clinical outcomes. Dimopoulos et
al[78] have studied rescue treatment with intravenous anakinra in seven MV-ICU patients and one non-
ICU patient, all of them with a hemophagocytosis score positive. They concluded that anakinra could
improve respiratory function and reduce mortality compared with the historical series of patients with
MAS in sepsis. Canakinumab is a monoclonal antibody against IL-1p approved to treat familial Mediter-
ranean fever and other chronic autoinflammatory syndromes[79].

In the setting of COVID-19 pneumonia, a small retrospective study has analyzed 10 patients with
respiratory failure (not requiring MV) and hyperinflammation treated with canakinumab. A rapid
improvement of the inflammatory response and oxygenation was observed[80]. An ongoing clinical
phase 3, randomized, double-blind trial studies the efficacy and safety of canakinumab on Cytokine
Release Syndrome in patients with COVID-19 pneumonia (NCT04362813). In conclusion, there is not
enough data supporting the efficacy or safety of anakinra or canakinumab in treating critically ill
patients with COVID-19, and therefore, we can’t establish a recommendation on their use or the optimal
timing to start the treatment.

IL-6 blockers: Tocilizumab and sarilumab

COVID-19 patients who develop severe respiratory failure use to show a hyperinflammatory response,
either MAS (driven by IL-1B) or, primarily, immune dysregulation (driven by IL-6). IL-6 is an inflam-
matory cytokine that exerts its effects inducing acute phase reactants (as CRP, fibrinogen, and hepcidin)
in the liver and promotes antibody production and CD4 T helper and CD8 cytotoxic T cell differen-
tiation[81,82]. A direct relationship between IL-6 levels and viral load, duration of SARS-CoV-2 viral
positivity, the severity of COVID-19, and the need for MV has been observed[83-88].

Tocilizumab (TCZ) and sarilumab are two monoclonal antibodies that work by blocking the IL-6
soluble and membrane receptor. TCZ is approved to treat inflammatory diseases such as rheumatoid
arthritis, juvenile idiopathic arthritis, giant cell arteritis, and cytokine release syndrome associated with
chimeric antigen receptor T-cell therapy and sarilumab is approved for the treatment of rheumatoid
arthritis[89]. Its use has been proposed to reduce the inflammatory response in COVID-19 patients. The
first available data obtained from case series showed clinical, analytical, and radiological improvement
after TCZ administration, even in patients needing MV[90-94].
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Table 2 Summary of studies addressing interleukin-6 blockers on coronavirus disease 2019 (randomized clinical trials and

observational studies including critically ill patients)

Ref. Patients Intervention Comparison Outcomes Overinfection rate
Salama et al[110], 377 TCZ (8 mg/kg, 1-2 Placebo MV /ECMO/mortality 28 d; 19.3% TCZ vs 12% placebo, TCZ 10% vs placebo
RCT doses) P =0.004 12.6%
Rosas et al[113], 438 TCZ (8 mg/kg, 1-2 Placebo Mortality: NS. Hospital LOS: TCZ: 20, placebo: 28 d (P = TCZ 21% vs placebo
RCT doses) 0.037). ICU admission: TCZ: 23.6%, SC: 40.6% (P = 0.01). 25.9%
ICU, LOS: TCZ: 9.8, SC: 15.5 d (P = 0.045)
Stone et al[90], 242 TCZ (8 mg/kg, max Placebo MV or death. TCZ: 10.6%, SC: 12.5% (NS). Clinical TCZ 8.15% vs placebo
RCT 800 mg, 1 dose) worsening. TCZ: 19.3%, SC: 17.4% (NS) 17.1%
Salvarani ef al 123 TCZ (8 mg/kg, max Standard of NS TCZ1.7% vs TE 6.3%
[111], RCT 800 mg, 1-2 doses) care
Mariette et al 131 TCZ (8 mg/kg, max Standard of ~ NIV/MV/death at day 4. TCZ: 19%, SC: 28% (NS). TCZ3.2% vs TE 16.4%
[112], RCT 800 mg, 1-2 doses) care Survival without HFNO/NIV/MYV at day 14. TCZ: 24%,
SC: 36% (probability: 95%). 28 d mortality. TCZ: 10.9%,
SC:11.9% (NS)
RECOVERY 4166 TCZ (different Standard of 28 d mortality: TCZ: RR = 0.86 (95%ClI: 0.77-0.96, P = Not available
Collaborative regimes) care 0.006)
Group[115], RCT
REMAP-CAP 826 TCZ (8 mg/kg, max Standard of Days free of respiratory/hemodynamic support at day ~ TCZ 0.2% vs TE 0%
Investigators ef al 800 mg, 1-2 doses) (n = care 21. TCZ: 10 d, sarilumab: 11 d, SC: 0 d. Hospital
[116], RCT 366). Sarilumab (400 mortality. TCZ: 28%, sarilumab: 22.2% SC: 35.8%
mg) (n = 48) (probability TCZ better: 99.6%, probability sarilumab
better: 99.5%)
Veiga et al[114], 129 TCZ (8 mg/kg, max Standard of ~ Stopped early due to higher mortality in TCZ patients ~ PB 15% vs SC 16%
RCT 800 mg) care
Tleyjeh et al[121], 9850 TCZ (variable Standard of Mortality: TCZ: OR = 0.58 (0.51-0.66) TCZ: RR = 0.63 (0.38-
MA regimen) care 1.06)
Guptaetal[106], 3491 TCZ (regimen not Standard of Hospital mortality. TCZ: HR = 0.71 (95%CI: 0.56-0.92) TCZ 32.3% vs SC 31.1%
os specified) care
Somers et al[108], 154 TCZ (8 mg/kg, max Standard of ~ Mortality. TCZ: HR = 0.54 (95%CI: 0.35-0.84) TCZ 54% vs SC 26%.
os 800 mg) care Pneumonia 45% vs
20%. Bacteremia 14 %
05 9%
Fisher et al[109], 115 TCZ (400 mg) Standard of 30 d mortality. TCZ: OR = 1.04 (95%CI: 0.27-3.75) TCZ 28.9% vs SC 25.7%
oS care
Biran et al[102], 764 TCZ (400 mg, 1-2 Standard of Hospital mortality. TCZ: HR = 0.64 (95%CI: 0.47-0.87, P TCZ 17% vs SC 13%
os doses) care =0.004)
Guaraldi et al 544 TCZ (8 mg/kg, max Standard of Death/MV. TCZ: HR = 0.61 (95%CI: 0.4-0.92), P =0.020 TCZ 13% vs SC 4%
[101], OS 800 mg, 2 doses) (n = care
179)
Rossotti et al 222 TCZ (8 mg/kg, max Standard of Survival rate TCZ: HR = 2.004 (95%CI: 1.050-3.817), P=  TCZ 24.4%; SC: NA
[105], OS 800 mg, 1-2 doses) (n= care 0.035. Survival rate in critically ill patient. HR = 30.055
74) (95%CI: 1.420-636.284), P = 0.029
Rojas-Marte etal 193 TCZ (regimen not Standard of ~ Mortality TCZ: 52%, SC: 62%, P = 0.09. Mortality in non- Bacteremia: TCZ 12.5%

[107], OS

specified)

care

ventilated patients: TCZ: 6.1%, SC: 26.5%, P = 0.024

vs SC 23.7%. Fungemia:
TCZ 4.2% vs SC3.1%

TCZ: Tocilizumab; RCT: Randomized clinical trial; MA: Metha-analysis; OS: Observational study; MV: Mechanical ventilation; ICU: Intensive care unit;

NIV: Non-invasive ventilation; LOS: Long of stay; HNFO: High nasal flow oxygen therapy; ECMO: Extracorporeal extracorporeal membrane oxygenation;
SC: Standard of care; NS: Non-significative; RR: Relative risk; OR: Odds ratio; CI: Confidence interval; HR: Hazard ratio; NA: Not applicable.
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The results obtained from comparative observational studies (cohorts or case-controls) were also
promising[95-98]. Although some studies failed to show relevant differences between TCZ-treated and
untreated patients[99,100], most of them showed a beneficial effect of the administration of TCZ:
Oxygenation improvement, more days free of MV, less need for ICU admission or MV, and higher
survival[101-105].

There are scarce studies that analyze the effect of TCZ in critically ill patients with COVID-19. In one
of them, Biran et al[102] in 630 propensity score-matched ICU patients (> 90% of them receiving MV)
found a lower in-hospital mortality risk (HR = 0.64; 95%CI: 0.47-0.87; P = 0.004) in patients treated with
TCZ (400 mg). Rossotti et al[105] described similar results showing a lower risk of mortality in the
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general analysis and patients receiving MV, but not in less severe cases; Gupta et al[106] found an in-
hospital reduction in mortality in those critically ill patients who received TCZ in the first 2 d of ICU
admission. On the other hand, Rojas-Marte et al[107] analyzed 193 patients (62.7% with MV) and found
that TCZ was related to lower mortality in non-ventilated patients (6.1% vs 26.5%, P = 0.024), but not in
MV patients.

In addition, we have contradictory data from two studies focused on patients on MV. One of them
shows a reduction in mortality risk (HR = 0.55; 95%CI: 0.33-0.90)[108], and the other failed to detect
significant differences between those treated with TCZ and untreated patients[109,110]. More recently,
we began to know the results of RCT investigating the effects of TCZ in COVID patients[85,111-113].
Among these, once again, there is no unanimity regarding the results. Salama et al[110] and Mariette et
al[112], in hospitalized patients with SARS-CoV-2 pneumonia (not needing respiratory support),
demonstrated a reduction in the risk of death or need of MV in patients treated with one or two doses of
TCZ (8 mg/kg, maximum 800 mg). However, Stone et al[90] and Salvarani et al[111] failed to
demonstrate a beneficial effect in patients treated with TCZ in similar patients (respiratory failure
needing conventional oxygen therapy).

In a mixed population, including 38% of patients on MV, the COVACTA trial shows no evidence of
improvement in the clinical situation on day 28 (primary outcome) but it shows a shorter hospital stay,
less ICU admission, and less clinical failure rate in patients randomized to treatment with TCZ (8
mg/kg, max 800 mg, one or two doses)[113]. TOCIBRAS trial was prematurely interrupted because an
excess of deaths at 15 d after randomization was detected in the TCZ group; this study included severe
and critically ill COVID patients (23% receiving HFNO/NIV and 16% receiving MV)[114].

Recently, results of the RECOVERY platform trial were released[115]. In patients with clinical
evidence of progressive COVID-19 (CRP = 75 mg/L and need for supplemental oxygen to achieve
oxygen saturation > 92%), treatment with TCZ improved survival and decreased the need for MV. The
reduction in mortality with TCZ was higher in patients who also receive corticosteroids. REMAP-CAP
trial addressed the impact of TCZ focused on critically ill patients. In this RCT, patients were
randomized to be treated with TCZ (n = 366), sarilumab (1 = 48), or usual care (n = 412). The authors
reported that patients treated with IL-6 blockers (TCZ 8 mg/kg, max 800 mg, one or two doses; or
sarilumab, 400 mg), within 24 h after the start of organ support, had more days free of hemodynamic or
respiratory support and lower in-hospital mortality. Furthermore, it appears that the treatment effect is
more significant when TCZ was combined with corticosteroids[116]. A summary of studies addressing
IL-6 blockers on COVID-19 is available in Table 2.

One of the main concerns when using TCZ is the risk of superinfections. However, a higher incidence
of superinfections in patients treated with TCZ has not been confirmed in critically ill COVID-19
patients (see Table 2). In the same way as TCZ, sarilumab administration has been related to series,
clinical, analytical, and radiological improvement but the available data are scarce[117-120]. It has not
shown benefit in comparative observational studies[121], but it has been shown in the aforementioned
REMAP-CAP trial[116]. In most positive studies, TCZ is associated with corticosteroids (see Table 3),
thus given the positive results described and the absence of significant side effects of this combination, it
should be considered early in COVID-19 patients admitted to the ICU.

Janus kinase pathway inhibition: Ruloxitinib, bariticinib

Most viruses, SARS-CoV-2 included, enter cells through receptor-mediated endocytosis after binding its
spike protein to the human ACE-2 receptor[122]. This endocytosis is mediated by clatrine and other
mechanisms. AP2-associated protein kinase 1 (AAK1) and cycling G-associated kinase (GAK) regulates
this process[123]. Disabling AAK1 might stop the virus’s entry into cells and the intracellular assembly
of virus particles[124]. Janus kinase (JAK) inhibitors are biological agents that mainly inhibit type I/1I
cytokine receptors[125]. There are several JAK inhibitors such as fedratinib, tofacitinib, sunitinib, or
erlotinib. Still, they have many secondary effects, which turns their use in COVID-19 patients contro-
versial, but ruxolitinib and baricitinib may play a role in this setting. However, Food and Drug
Administration recently raised a warning regarding treatment with JAK-inhibitors that we have to bear
in mind before starting treatment: Increased thromboembolism risk or increased frequency of herpes
zoster virus reactivation; pan-JAK inhibitors may repress some cytokines required for antiviral defense
(IFN-a/B) or immune restoration (IL-2, IL-7)[126-128].

Baricitinib is an oral anti-JAK inhibitor, acting against JAK1 and JAK2, with less potency for JAK3,
with an exceptionally high affinity for AAK1. It inhibits the JAK signal transducer and activator of the
transcription (STAT) pathway[129]. Moreover, it can also inhibit the cyclin GAK, another regulator of
endocytosis, so it has been suggested as a potential drug against SARS-CoV-2 due to its double effect:
Decreasing both the immune response (inhibiting the proinflammatory signal of several cytokines, such
as IL-6, IL-12, IL-23, and IFN-a) and interrupting the virus entry and assembly in the cells[130]. It is
currently approved for rheumatoid arthritis[131]. Its advantages include once-a-day oral administration
(either 2 mg or 4 mg), acceptable safety profile (can be used in combination with other treatments
because of low plasma protein binding and minimum cytochrome P450 interactions), and the double
mechanism of action[132]. There is certain reluctance about baricitinib due to the simultaneous
inhibition of AAK1 and JAK, which can reduce IFN-a levels, leading to a worse immune response, as
mentioned above[133]. A pilot study from Italy showed significantly improved clinical and laboratory
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Table 3 Coronavirus disease 2019 patients treated with tocilizumab and corticosteroids

Ref. Tocilizumab group Control
Salama et al[110], RCT 80.3% 87.5%
Rosas et al[113], RCT 36.1% 54.9%
Stone et al[90], RCT 11% 6%
Salvarani et al[111], RCT 10% 7.6%
Mariette et al[112], RCT 33% 61%
RECOVERY Collaborative Group[115], RCT 82% 82%
REMAP-CAP Investigators ef al[116], RCT > 80%

Veiga et al[114], RCT 69% 73%
Gupta et al[189], observational 18.7% 12.6%
Somers et al[108], observational 29% 20%
Fisher et al[109], observational 73.3% 78.6%
Biran et al[102], observational 46% 42%
Guaraldi et al[101], observational 30% 17%
Rossotti et al[105], observational Not reported

Rojas-Marte et al[107], observational 43% 33%

RCT: Randomized clinical trial.

parameters in 12 patients with mild to moderate COVID-19 pneumonia. None of them required
admission to the ICU nor MV[134].

An RCT evaluated baricitinib plus remdesivir in hospitalized COVID-19 patients. The treatment
group needed fewer days to recovery (7 vs 8 d, P = 0.03) and 30% higher odds of improvement in clinical
status at day 15. Precisely, patients on NIV or HFNO needed significantly less time to recovery (10 vs 18
d) and had fewer serious adverse events (16% vs 21%, P = 0.03)[135]. In conclusion, baricitinib combines
anti-inflammatory characteristics and antiviral activity, making it a strong candidate for future
evaluation in RCT.

Ruxolitinib is another oral JAK-kinase inhibitor currently indicated for intermediate or high-risk
myelofibrosis, polycythemia vera, hemophagocytic lymphohistiocytosis, or steroid-refractory graft-
versus-host disease. Ruxolitinib reduces the high level of cytokine release associated with these diseases
[136,137]. It blocks JAK kinase activity and impedes STAT activation, decreasing levels of inflammatory
cytokines (such as IL-1p, IL-2, IL-5, IL-6, IL-7, IL-13, IL-15, and IFN-y)[138]. Pharmacokinetically,
ruxolitinib has rapid oral absorption and a half-life of approximately 3 h and reaches peak plasma
concentrations[139].

A non-randomized clinical study conducted in 93 severe COVID-19 patients not requiring MV at
baseline showed a significant improvement in survival rate (89.1% vs 57.1%, P = 0.0034), a reduction of
the inflammatory response (absence of fever and a decrease of at least 30% in CRP levels; 87% vs 23%, P
= 0.0001) and no significant adverse event in patients treated with half the approved dose of ruxolitinib
for hematologic diseases plus corticosteroids[140]. Similar results were communicated by La Rosée et al
[140], in his retrospective study performed in 14 patients receiving ruxolitinib (10 receiving NIV, 1
HENO, and 1 MV); they used a COVID inflammation score to evaluate the systemic inflammation,
watching a reduction by 42% and 58% achieved on day 5 and 7 of treatment.

Only one Chinese RCT studied the efficacy of ruxolitinib. No death (14.3% vs 0%, P = 0.232) or deteri-
oration [need for NIV/MV: (29% vs 10%, P = 0.663)/(14.3% vs 0%, P = 0.232)] occurred in ruxolitinib
group, but no statistically difference was found. Both groups received a similar proportion of corticost-
eroids and antivirals[141]. To summarize, ruxolitinib may play a role in those patients with hypoxemic
COVID-19 pneumonia but not yet needing MV, attenuating the immune response and therefore may
prevent the progression of lung damage, bearing in mind that an early administration could favor viral
replication. There is no data in critically ill patients regarding JAK inhibitors to establish a strong
recommendation but, maybe, baricitinib could be used in patients on NIV or HFNO who are also
receiving remdesivir, in order to shorten the time to recovery.

Corticosteroids
Corticosteroids have been widely used for years in autoimmune diseases with great success. A cytokine
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storm[32], similar to the hemophagocytic syndrome, may develop in some severe COVID-19 patients. In
this setting, immunosuppressive treatments may decrease this hyper-inflammatory state, and this is the
rationale for use corticosteroids in SARS-CoV-2 infection. Corticosteroids are hormones that may change
the transcription pattern of 20% of the human genome[142], and they act in virtually all immune cells
[143]. They inhibit the migration of leukocytes to inflamed tissues, increasing migration from bone
marrow to blood and decreasing programmed leukocyte death[144,145]. They also inhibit leukocyte
reactive oxygen species secretion, increase anti-inflammatory cytokines like IL-10[146,147], and alter the
maturation and differentiation of dendritic cells[148-150]. Corticosteroids modify natural killer (NK)
cytolytic activity and monocyte activation[150].

The use of up 100 mg of prednisone or an equivalent dose, acts over cytosolic corticosteroids
receptors (cGCR), and we call this the genomic pathway[151,152]. The complex glucocorticoid-cGCR has
two actions: Transactivation, which means that the complex promotes anti-inflammatory transcription
factors as IL-10 or annexin 1. The other action is transrepression that produces an inhibition of inflam-
matory transcription factors (IL-1, IL-2, IL-6, IL-8, prostaglandins, TNF-a, and IFN-y). That modific-
ations happen in hours and may take up to a few days[151].

If we use corticosteroid pulses (doses higher than 100 mg of prednisone), we reach the highest effect
of the genomic pathway, but we also obtain additional effects by the “non-genomic pathway”[150]. The
non-genomic pathway induces membrane dysfunction in all immune cells and delays the calcium and
sodium channel flow through the membrane. This process decreases ATP production. Non-genomic
effects induce the bounding to the membrane of glucocorticoid receptors in the T lymphocytes[151].
They also release the Src protein from the complex cGCR-multiprotein, generating anti-inflammatory
effects. These mechanisms take effect in hours and are very useful in autoimmune diseases with high
disease activity[151].

The effect of corticosteroids depends not only on the dose (as seen before) but also on the timing
used. We can preferably use corticosteroids in three moments: The onset of acute lung injury, the initial
phase of acute respiratory distress syndrome (ARDS), and when ARDS is refractory to conventional
treatment[153-155]. Historically, many studies used corticosteroids for viral pneumonia (including
influenza and SARS-CoV-1)[156-161], and ARDS[162-167], with different results. We found no benefit in
viral infection, and only a few of these studies demonstrated good results of corticosteroids on mortality
[162,166]. Based on these, some authors analyzed the effect of corticosteroids in COVID-19 (see Table 4).
Early in the pandemic, initial recommendations were not to use or limit corticosteroids to concrete
situations[168-171]. WHO even recommended not to use corticosteroids routinely in COVID-19
pneumonia[172,173]. They base these recommendations on previous bad results in the SARS and
Middle East respiratory syndrome (MERS) infections with corticosteroids. Some months later, some
observational studies based on the Chinese hospitals” experience recommended using corticosteroids
under certain conditions[174-176].

The Recovery trial[177] could demonstrate a mortality improvement with dexamethasone treatment
in COVID-19 patients requiring oxygen supplementation, especially in those admitted to ICUs. This
improvement does not remain in patients who do not need oxygen supplementation, worsening
mortality in this subgroup.

From July to December 2020, several clinical trials demonstrated the benefits of corticosteroids on
mortality in COVID-19 associated pneumonia[178-181]. Hydrocortisone, methylprednisolone, and
dexamethasone are corticosteroids that demonstrated survival improvement used at a median dose for
five to ten days. These corticosteroids at this dose demonstrated moderate mortality reductions. All
studies showed that the mortality improvement was more significant in critical patients than in-hospital
patients (see Table 4). Corticosteroids can also be used at a higher dose with methylprednisolone pulses
for three days (250 mg for three days). One small clinical trial and some observational studies showed
essential improvements in mortality using corticosteroid pulses[182-185]. Again using corticosteroid
pulses, mortality improvement was more significant in the critical patient subgroup. This regimen (by
the non-genomic pathway) showed better results than the median doses of corticosteroids for more
extended periods in the few published results. If this regimen is significantly better than lower doses
and more prolonged periods must be demonstrated in ongoing head-to-head clinical trials[186].

Progression to MV was lower in the corticosteroid arm in clinical trials and meta-analyses[187,188].
There was a non-significant trend to hyperglycemia and infections in the corticosteroid arm treatment
(see Table 4). Results about viral shedding are controversial and different between studies, so we can’t
extract conclusions. As a final recommendation, corticosteroids should be used in COVID-19
pneumonia requiring oxygen supplementation, including critically ill patients, as proven in the
Recovery trial and data obtained with the corticosteroid pulses studies. The 6 mg daily dexamethasone
for ten days is the most accepted regimen because it is proven in clinical trials. The 250 mg daily methyl-
prednisolone regimen for three days may be considered as an alternative too.

Intravenous immunoglobulin and hyperimmune immunoglobulin

Intravenous immunoglobulin (IVIG) is a product derived from the plasma of thousands of donors. It
contains primarily polyclonal immunoglobulin G [with two functional fragments, the F(ab)2 fragment,
for antigen recognition, and the crystallizable fragment (Fc), for the activation of innate immune
responses], with small amounts of immunoglobulin (Ig)A and IgM. IVIG provides temporary protection
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Table 4 Summary of studies using corticosteroids in coronavirus disease 2019

f ' . : ICU . Seconda
Ref. Patients Treatment regimen Population Mortality’ S In-hospital stay . =~ o
administration infections
RECOVERY Collab- 11303 DXM 6 mg daily x 10 In-hospital =~ Decrease NS Increase NA
orative Group et al d 2.8% RR 0.83 discharged 28 d
[177], RCT (3.7%)
RECOVERY Collab- 1007 DXM 6 mg daily x 10 MV Decrease NA Increased NA
orative Group ef al d 12.1% RR 0.64 discharged 28 d
[177], RCT (9.7% RR 1.48)
Tomazini et al[176], 299 DXM 20 mg x 5d + ICU patients Decrease 2.4% (alive or ventilator- NA DXM 21.9% vs 29.1%
RCT DXM 10 mg x 5d free) standard. (7.9% vs
9.5% bacteremia)

Jeronimo et al[178], 416 MPD (0.5 mg/kg In-hospital NS NS (MV) NS No significant
RCT twice daily) x 5d differences
Dequin et al[179], 149 HCT 200 mg daily x ~ ICU patients NS NS NA
RCT 7d then decrease dose

x7d (14 d)
Angus et al[180], RCT 384 HCT 50 or 100 mg/6 ICU patients 93% and 80% of superiority in NS NA

hx7d organ support free
Edalatifard et al[181], 68 MPD 250 mg x 3 d In-hospital ~ Decrease 37% No patients on Decrease 4.6 d 2.9% (1 pt) in MPD vs
RCT MV 0% (0 pt) standard
Corral-Gudino et al 85 MPD 40 mg/12h x3  In-hospital =~ Decrease 24% composite death, NS NA
[188], RCT' d, then MPD 20 ICU Adm or NIV

mg/12h x3d
Kim et al[186], MA 49569 Variable regimens ICU patients OR 0.54 (0.40- NA NS NA

0.73)

Van Paassen et al 20197 Variable regimens In- hospital OR0.72 (0.57- RR 0.71 (0.54-0. NS NA

[187], MA

0.87) 97)

Preprint, not peer-reviewed.

2Absolute risk of mortality reduction in randomized clinical trial or odds ratio in meta-analysis.
ICU: Intensive care unit; RCT: Randomized clinical trial; MA: Meta-analysis; DXM: Dexamethasone; MPD: Methylprednisolone; HCT: Hydrocortisone; NS:
Non-significant; NA: Not applicable; Adm: Admission; MV: Mechanical ventilation; NIV: Non-invasive ventilation; RR: Relative risk; OR: Odds ratio.
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before being metabolized, requiring several doses over the disease course[189]. IVIG has been used to
treat several immunodeficiencies, neurologic disorders, inflammatory and infectious conditions, such as
pneumonia by influenza, SARS, and MERS[190].

The rationale for using IVIG in SARS-CoV-2 infection is a modulation of inflammation. The central
mechanism of action of IVIG is the inactivation of phagocytes (neutrophils, monocytes, and
macrophages) through FCyR. Moreover, it has a neutralizing effect by creating an antibodies-virus
complex that prevents the binding of the virus to alveolar epithelial cells. Furthermore, it can also
influence the process of lymphocyte differentiation and maturation[191,192].

Xie et al[193] conducted a retrospective study among 58 cases of severe or critically ill COVID-19
patients with lymphopenic immunophenotype (absolute lymphocyte count fell under 0.5 x 10°/L),
receiving IVIG (20 g/d), differentiating two groups: Those receiving IVIG early (< 48 h after admission)
and after 48 h. There was a significant reduction in 28-d mortality (23% vs 57%, P = 0.009), need for MV
(6.67% vs 32.14%, P = 0.0016) and length of stay (11 +£1 d vs 1696 + 16 d, P = 0.005) in the < 48 h group.
However, a more recent RCT including 84 patients with severe COVID-19 (52 of which received IVIG at
a dose of 400 mg/kg/d for three days plus standard care) showed no difference in terms of mortality
nor need for MV or admission to the ICU[194]. Finally, an Iranian RCT including 59 patients who did
not respond to initial treatments, showed a significantly lower in-hospital mortality (20% vs 48.3%, P =
0.025) in those patients (n = 30) receiving IVIG (20 g daily for three days)[195].

Taken together, the results of the studies show some limitations to attribute clinical improvement
only to IVIG use (variations in previous/concomitants treatments, a small number of patients, or
variations in dosage). So, in conclusion, we can’t make a statement recommending its use. Considering
its overall safety profile, it may be a promising option at the early stage of severe COVID-19 disease. On
the other hand, hyperimmune immunoglobulin (H-IG) is an IVIG obtained from patients with high
antibody titers to specific pathogens. Its pharmacokinetic properties are similar to IVIG, suggesting that
a single dose may be enough in an acute setting[196,197]. It has been used in previous coronavirus
epidemics such as SARS1 in 2003, MERS in 2012, and influenza A[198]. H-IG was used at a dosage of 5
mL/kg with an antibodies neutralizing titer of 1:160, with an optimal administration within the first 7 d.
One of its limitations is the generation of neutralizing antibodies in specific individuals who have
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passed an infection. Another limitation is that donor availability is limited. A recent Cochrane revision
was conducted regarding convalescent plasma and H-IG including 98 ongoing studies[199].

Recently an Indian RCT included 464 moderate COVID-19 patients (PaO,/FiO, between 200-300
mmHg or a respiratory rate higher than 24 rpm with Sa0,< 93% on room air), 235 of which received
convalescent plasma (two doses of 200 mL separated 24 h): No difference was observed with the control
group regarding the progression of disease or mortality[200]. Another RCT conducted in Wuhan
involved 103 severe COVID-19 patients (44 on NIV or high-flow nasal cannula, 25 on MV or extra-
corporeal membrane oxygenation), where 52 received convalescent plasma plus standard therapy,
observed an improvement of the negative conversion rate of viral polymerase chain reaction (87.2% vs
37.5%, P < 0.001) but did not result in a statistically significant improvement in time to clinical
improvement within 28 d or in 28-d mortality[201].

We have limited data regarding critically ill patients. A small case series involving 5 critically ill
patients on MV treated with convalescent plasma between day 10 to 22 from admission observed an
improvement in their clinical status [increased PaO,/FiO,, decreased Sequential Organ Failure
Assessment (SOFA) score, and body temperature normalized][202]. Another case report involving 4
critically ill patients (who received 200-2400 mL of convalescent plasma ranging from day 11 to day 18
post-admission) observed lung lesions resolution and decreased SARS-CoV-2 viral load clinical
improvement[203]. A summary of RCTs and observational studies, including critically ill patients
addressing IVIG and H-IG on COVID-19, is available in Table 5. Therefore, there are not enough data to
support the use of H-IG and controversial results on convalescent plasma, so we can’t establish a
recommendation.

Other potential therapies: Statins and T-lymphocyte restorative therapies

Statins: Statins are potent 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors
that prevent the activation of Rho-kinase, and thus, gain cardiovascular protective effects that are low-
density lipoprotein-cholesterol independent[204]. The existing published evidence suggests a potential
benefit of statins[205,206], despite the higher risk profile of statin-users as opposed to non-users, with
some discordant results[207,208].

Statins improve endothelial dysfunction through upregulation of ACE-2 and endothelial nitric oxide
synthase, decrease endothelin-1 and reactive oxygen species, and decrease nuclear factor-kB activation
as well as proinflammatory cytokine expression[204,209]. Statins might also lessen myocardium injury
by increasing nitric oxide, improving coronary perfusion, and decreasing IL-6 synthesis[210-212].
Finally, we can obtain a potential reduction of acute coronary syndromes and cerebrovascular events
(both increased in COVID-19 patients)[213,214].

If statins might benefit ARDS due to their pleiotropic properties, it has been evaluated before the
current global pandemic. Two RCTs with rosuvastatin and simvastatin did not improve clinical
outcomes in ARDS[215,216]. Similar findings were reported in a meta-analysis where stains did not
have a clear net benefit among patients with acute lung injury or ARDS[217]. However, a sub-analysis of
the HARP-2 trial (HMG-CoA reductase inhibition with simvastatin in acute lung injury to reduce
pulmonary dysfunction) observed in the subgroup of patients with hyperinflammatory phenotype a
survival benefit of simvastatin that was not observed with rosuvastatin[218]. The presence in most cases
of severe COVID-19 both, of hyperinflammation and endothelial dysfunction might theoretically justify
why statin treatment showed a protective effect against the need for MV and ICU admission in COVID-
19 patients[25,28,30,219]. Unfortunately, no studies seem to have explicitly focused on lipid-lowering
agents in critically ill patients with COVID-19. The lack of prospective data on this subset of patients
does not allow us to provide a recommendation. However, several ongoing clinical trials will give us
evidence-based insights about statin efficacy in severe COVID-19 (NCT04486508; NCT04390074). Until
then, the decision about continuation should be individualized.

T-lymphocyte restorative therapies: As mentioned before, the presence of hypercytokinemia with
lymphopenia represents a biological signature of a pathogen uncontrolled damage in critically ill
patients with COVID-19. NK cells and cytotoxic T cells can kill the virally infected cells, whereas the
helper T lymphocytes adjust the total adaptive immune response. In this regard, the lymphopenic
immunophenotype is considered a bad prognosis factor and targets novel therapies. Several T-
lymphocyte restorative treatments as IL-7 or thymosin alpha are under evaluation. IL-7 is a pleiotropic
cytokine essential for lymphocyte survival and expansion. Administration of IL-7 invariably increases
circulating and tissue lymphocytes and has an excellent safety profile[220,221]. Several trials are
evaluating its use among patients with severe COVID-19 (NCT04442178, NCT04379076, NCT04407689).
A recent clinical series by Laterre et al[222] evaluated the compassionate use of IL-7 in 12 critically ill
patients with COVID-19 and severe lymphopenia (defined as two consecutive absolute lymphocyte
counts of less than 700/pL). An initial safety dose of 3 pg/kg was followed by a dose of 10 pg/kg by
intramuscular injection twice a week for 2 wk. 13 patients with COVID-19 received standard-of-care
treatment matched as a comparator control cohort. On day 30, secondary infections occurred in 7
patients (58%) in the IL-7 group compared with 11 (85%) in the control group; 30-d mortality was 42% vs
46%, respectively. IL-7 was associated with a restored lymphocyte count, with the IL-7 group having
levels more than 2-fold higher than the control group without associated adverse effects noted in the
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Table 5 Summary of randomized clinical trials and observational studies including critically ill patients addressing intravenous

immunoglobulin and hyperimmune immunoglobulin on coronavirus disease 2019

Ref. Patients Intervention Comparison Outcome
Xie et al[193], Severe/ critical pneumonia and. IVIG (20 g/d) > 48 h after admission (n Reduction in 28-d mortality (23% vs 57%, P =
observational Lymphocyte count < 0.5 x 10°/L = 28) vs <48 h after 0.009), need for MV (6.67% vs 32.14%, P =
(18.9% on MV, 13.8% on NIV/HFNC) admission (1 = 30) 0.001) and LOS (11.5+1.0vs 169+ 1.6 d, P =
0.005) in the < 48 h group
Tabarsi et al Severe pneumonia (36.9% on MV, IVIG (400 mg/kg/24 Standard care (n = 32) No difference in mortality (46.1% vs 43.7%, P
[194], RCT 78.6% ICU-admitted) h for 3 d) (n = 52) = 0.83), need for MV (40.4% vs 31.2%, P =
0.39) or ICU admission (75% vs 84.4 %, P =
0.3)
Gharebaghi et al Severe pneumonia with persisting IVIG (20 g daily for ~ Standard care (1 = 29) Lower in-hospital mortality (20% vs 48.3%, P
[195], RCT symptoms or need for supplementary  three days) (n = 30) =0.022). Mortality. IVIG: OR = 0.003 (95%CI:
oxygen to maintain SaO, > 90% after 48 0.001-0.815, P = 0.042)
h of treatment
Agarwal et al Moderate pneumonia Convalescent Standard care (n =229)  Disease progression or mortality: No
[200], RCT plasma (200 mL, 2 difference
doses) (n = 235)
Liet al[201], Severe/ critical pneumonia Convalescent Standard care (n = 51) No improvement in time to clinical
RCT (NIV/HFNO: 42.7%, MV /ECMO: plasma (4-13 improvement within 28 d
24.3%) mL/kg) (n =52)

RCT: Randomized clinical trial; MV: Mechanical ventilation; NIV: Non-invasive ventilation; LOS: Length of stay; HNFO: High nasal flow oxygen therapy;
ICU: Intensive care unit; OR: Odds ratio; IVIG: Intravenous immunoglobulin; ECMO: Extracorporeal membrane oxygenation; CI: Confidence interval.

intervention arm.

In a recent Chinese study, thymosin alpha-1 (Tal), another lymphopoiesis-stimulating drug, was
employed in two cohorts of critically ill patients with COVID-19[223]. Compared with the untreated
group, Tal treatment significantly reduced the mortality of severe COVID-19 patients (11.1% vs 30%, P
= 0.044). Interestingly, patients with counts of CD8+ T cells or CD4+ T cells in circulation less than
400/uL or 650/ pL, respectively, gained more benefits from Tal. Other drugs targeting lymphocyte
apoptosis by suppressing PD1/PD-L1, like nivolumab, are also being studied as potential candidates for
treatment COVID-19. Currently, several trials are analyzing the role of these novel drugs. Unfortu-
nately, they only focus on mild and moderate forms of COVID-19.

DISCUSSION

Few treatments proposed in COVID-19 have been evaluated in patients critically ill with COVID-19,
despite a high mortality rate (20%-40%)[224,225]. This fact makes it extremely difficult to establish
degrees of recommendation regarding the different therapeutic options currently available. Therefore,
new studies are needed to analyse the role of these and other novel treatments in this subset of patients.
In this sense, future trials must employ a better design and careful selection criteria. It is critical not to
consider all patients with severe forms of COVID-19 the same. Some of these patients (but not all) show
specific hallmarks characterized by profound immunity alterations, hyperinflammatory states, and even
severe endothelial dysfunction that favors progression to different degrees of organ failure. This triad
(hyperinflammation, immune dysregulation, and endothelial dysfunction) in presence of organ failure
is not restricted to COVID-19, and we can find it in sepsis, which would support the theory that severe
COVID-19 is a form of viral sepsis. These alterations allow the classification of critically ill COVID-19
patients into different phenotypes[226-228]. Recently Chen et al[229], in a single-center study of critically
ill patients with COVID-19, identified by a machine learning approach two phenotypes: One hyperin-
flammatory, characterized by elevated pro-inflammatory cytokines, higher SOFA score, and higher rates
of complications and another hypo-inflammatory. Interestingly, corticosteroid therapy was associated
with reduced 28-d mortality (HR = 0.45; 95%CI: 0.25-0.80; P = 0.0062) only in patients with the hyperin-
flammatory phenotype. These endotypes include clinical and biological characteristics and can
constitute specific targets for better select specific therapies based on an individualized approach to
treatment.
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CONCLUSION

Likely many of the treatments above reviewed in this work might be helpful in specific subgroups of
patients with certain clinical, analytical and biological characteristics, as occurs in other pathologies such
as cancer, certain autoimmune diseases, or even sepsis. This approach, based on a personalized and
precision medicine model, could help to better randomization of new clinical trials targeting the specific
treatment of severe and critical forms of COVID-19.

ARTICLE HIGHLIGHTS

Research background

Although most people with coronavirus disease 2019 (COVID-19) have only mild or uncomplicated
symptoms, 10%-15% requires hospitalization and oxygen therapy and, from the beginning, a large
number of patients presented severe respiratory failure, needing mechanical ventilation (MV) and
intensive care unit (ICU) admission. The lack of an available, effective treatment in this setting has led to
a spate of treatment recommendations, which are not always backed by sufficient scientific evidence.
Particular attention were paid to a presumed specific cytokine storm secondary to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, with a special effort to modulate the
inflammatory response of these patients.

Research motivation

Two years after the onset of the pandemic, many questions remain unanswered, and we continue to
search for the most appropriate treatment. This review aims to summarize the current evidence
regarding the different immunomodulatory strategies tested in critically ill patients with COVID-19.
Most of the main trials that have shown benefit of any immunomodulatory therapeutic agent against
COVID-19 focus on hospitalized patients but not on critically ill patients. Furthermore, many of these
studies consider ICU admission as a primary negative endpoint. Very few studies consider treatment in
this setting (ICU) as a starting point, sometimes unavoidable, given that many patients with COVID-19
required admission to the ICU already in the first hours of their hospital admission. Therefore, there is a
lack of information on the therapeutic approach in these patients.

Research objectives

To summarize the pathophysiology of SARS-CoV-2, including the normal and pathological inflam-
matory and immune responses that would justify the use of different immunomodulatory therapies in
critically ill patients. To analyze the mechanism of action of the different immunomodulatory agents
used against COVID-19. Review the scientific evidence collected so far and issue a recommendation for
or against the use of each specific agent in this scenario.

Research methods
A comprehensive literature search was developed by using the keywords: “immunotherapy”,

A ”ou

“immunosuppressives”, “haemophagocytic syndrome”, “inflammation”, “antimalarials”, “hydroxy-
chloroquine”, “chloroquine”, “anakinra”, “canakinumab”, “tocilizumab”, “sarilumab”, “corticost-
eroids”, “dexamethasone”, “methylprednisolone”, “immunoglobulins or convalescent” “JAK
inhibitors”, “cyclosporine”, “colchicine”, “statins”, “interleukin 7”7, “tymosin”, “PD1 and PD-L1
blockers”. We restricted the search to: “SARS-CoV-2", “COVID-19”, “severe COVID-19” and
“treatment” to identify articles published in English from MEDLINE, PubMed, and The Cochrane
Library (until January 2021). The authors reviewed the selected manuscripts and selected the most
appropriate. Finally, we established a recommendation of the use of each treatment based on the level of
evidence of the articles and documents reviewed. This recommendation was made based on the
consensus of all the authors. We carried out the rest of the work methodology following the PRISMA

recommendations.

Research results
Different recommendations regarding the use of these immunomodulatory agents (“antimalarials”,
“hydroxychloroquine” “chloroquine”, “anakinra”, “canakinumab”, “tocilizumab”, “sarilumab”,

“corticosteroids”, “dexamethasone”, “methylprednisolone”, “immunoglobulins or convalescent”, “JAK
” "

inhibitors”, “cyclosporine”, “colchicine”, “statins”, “interleukin 7”7, “tymosin”, “PD1 and PD-L1
blockers”) were performed.

Research conclusions

Until then, although several promising therapies exist, only the use of corticosteroids and tocilizumab
(or sarilumab in absence of this) has demonstrated evidence enough to recommend its use in critically ill
patients with COVID-19. Probably other treatments of those analyzed could be beneficial in certain
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critical patients with COVID-19 if they were administered in a selective and personalized way.

Research perspectives

From this work, two simple and clear messages can be extracted that could guide the future therapeutic
approach of severe forms of COVID-19: (1) The critically ill patient constitutes a special subgroup of
patients that should be studied differently from other patients, considering the ICU as an initial and not
a final stage in the course of the disease; and (2) It is a mistake to administer the same treatments to all
patients. It is key to individualize these treatments based on the immunological and clinical phenotypes
of each patient.
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Abstract

BACKGROUND
The association between hospitalization for human respiratory syncytial virus
(HRSV) bronchiolitis in early childhood and subsequent asthma is well
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established. The long-term prognosis for non-bronchiolitis lower respiratory tract infections (LRTI)
caused by viruses different from HRSV and rhinovirus, on the other hand, has received less
interest.

AIM
To investigate the relationship between infant LRTI and later asthma and examine the influence of
confounding factors.

METHODS

The PubMed and Global Index Medicus bibliographic databases were used to search for articles
published up to October 2021 for this systematic review. We included cohort studies comparing
the incidence of asthma between patients with and without LRTI at < 2 years regardless of the
virus responsible. The meta-analysis was performed using the random effects model. Sources of
heterogeneity were assessed by stratified analyses.

RESULTS

This review included 15 articles (18 unique studies) that met the inclusion criteria. LRTIs at < 2
years were associated with an increased risk of subsequent asthma up to 20 years [odds ratio (OR)
= 5.0, 95%Cl: 3.3-7.5], with doctor-diagnosed asthma (OR = 5.3, 95%ClI: 3.3-8.6), current asthma
(OR = 5.4, 95%CI: 2.7-10.6), and current medication for asthma (OR = 1.2, 95%CI: 0.7-3.9). Our
overall estimates were not affected by publication bias (P = 0.671), but there was significant hetero-
geneity [I?=58.8% (30.6-75.5)]. Compared to studies with hospitalized controls without LRTI, those
with ambulatory controls had a significantly higher strength of association between LRTIs and
subsequent asthma. The strength of the association between LRTIs and later asthma varied
significantly by country and age at the time of the interview. The sensitivity analyses including
only studies with similar proportions of confounding factors (gender, age at LRTI development,
age at interview, gestational age, birth weight, weight, height, smoking exposure, crowding,
family history of atopy, and family history of asthma) between cases and controls did not alter the
overall estimates.

CONCLUSION
Regardless of the causative virus and confounding factors, viral LRTIs in children < 2 years are

associated with an increased risk of developing a subsequent asthma. Parents and pediatricians
should be informed of this risk.

Key Words: Asthma; Lower respiratory tract infections; Respiratory viruses; Long term sequelae; Children

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The results of this meta-analysis confirmed that viral lower respiratory tract infections (LRTIs)
in children < 2 years increase the risk of developing asthma later until the age of 20 years. This indicates
that pediatricians and parents should be vigilant with anticipating asthma preventive measures in children
with viral LRTIs in childhood.
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Kengne-Ndé C, Esemu SN, Njouom R, Ndip L. Association between early viral lower respiratory tract infections
and subsequent asthma development. World J Crit Care Med 2022; 11(4): 298-310
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INTRODUCTION

Asthma is a major contributor to the burden of non-communicable diseases and the most common
chronic respiratory disease in the world[1]. The prevalence of asthma has increased by 12.6% in 25 years
(1990-2015), and asthma causes the deaths of nearly half a million people each year[1]. Asthma also
represents a considerable financial burden and costs about 19 billion Euros per year in Europe[2].
Multiple factors have been involved in the development of asthma. There is evidence that respiratory
viruses, particularly human respiratory syncytial virus (HRSV)[3-7], human metapneumovirus[7-12], or
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rhinovirus (RV)[12-22] (including mostly the recently described RV-C), were triggers for asthma and
asthma exacerbation. The data also show that air pollutants were involved in the risk of developing
asthmal[23].

In addition, many studies have historically suggested that neonatal bronchiolitis due to HRSV, and
RV recently, is a predisposing factor for asthma development later[3,5,10,24-39]. However, the
involvement of other common respiratory viruses (influenza, human coronavirus, human parainfluenza
virus) and non-bronchiolitis lower respiratory tract infections (LRTI) in the subsequent risk of
developing asthma has not been synthesized to date.

Conflicting findings have been reported regarding the synergistic effect of early-life bronchiolitis and
personal or family history of atopic sensitization or asthma, gender, maternal smoking in the onset of
asthma later[6,34,40-53]. Some authors have suggested that bronchiolitis identifies children prone to
developing asthma during adolescence[26,54-59]. Therefore, the causal role of early-onset bronchiolitis
and the mechanisms underlying the development of subsequent asthma remain to be clarified[3,60].

Preventing or stopping the development of predictive factors would be a possible strategy for
preventing asthma[61-63]. This systematic review was conducted to describe the risk of developing
asthma following viral LRTI in childhood and associated factors. Our secondary objective was to
evaluate the role of confounding factors of the association of neonatal LRTI and asthma during
childhood using sensitivity analyses.

MATERIALS AND METHODS
Study design

We registered the protocol of this systematic review in the PROSPERO with access number
CRD42018116955. This review has been done in accordance with the Centre for Reviews and Dissem-
ination guidelines[64] and presented in accordance with the PRISMA declaration[Supplemen-
tary Table 1).

Inclusion and exclusion criteria

We included cohort studies comparing the long-term asthmatic sequelae of children with and without a
history of viral LRTI in childhood. The PICOs in this study were: P, children and adults of all genders
with a history of viral LRTI in childhood regardless of the virus responsible; I, LRTI at < 2 years; C,
children and adults of all genders with no history of viral LRTI in childhood; O, the main outcome was
asthma as the long-term sequelae of LRTI in infancy. This study had no temporal, geographic, or
linguistic limitations. We excluded irrelevant studies, case reports, cross-sectional studies, comments,
reviews, and editorials, studies that did not report outcome of interest, articles that we did not have
access to full text, studies without control groups, and studies including only high-risk subjects.

Case definition

The definitions of LRTI have been adapted as described by the authors of the primary studies. Asthma
has been defined by three or more episodes of bronchial obstruction. We did not take into account the
differentiation of atopic asthma. In this systematic review, several categories of asthma definitions were
considered, including: (1) Current doctor-diagnosed asthma; (2) Current self-reported asthma; (3)
Current asthma; (4) Asthma in the last 12 mo; and (5) Asthma ever. The warning signs of asthma were
considered: (1) Cough; (2) Night cough; and (3) Prolonged cough. The use of anti-asthma treatment was
also taken into account: (1) Current medication for asthma; (2) Use of bronchodilators; and (3) Use of
inhaled steroid. When a study had multiple defined asthma phenotypes for the same participants, we
selected the phenotype according to the order of priority of asthma diagnosed by a doctor, most recent
asthma, treatment for asthma, and asthma symptoms.

Search strategy

We searched for relevant articles in PubMed and Global Index Medicus until October 24, 2021. The
search keywords are described in Supplementary Table 2. We conducted an additional manual search
using Reference Citation Analysis (https:/ /www.referencecitationanalysis.com/) by reviewing the list
of references for included articles and relevant reviews on the subject.

Study selection

We (JTEB and SK) have individually reviewed the titles and abstracts of the articles identified through
the electronic search in the Rayyan website[66]. We evaluated the complete texts of the eligible articles
after screening titles and abstracts. These two authors discussed disagreement about the inclusion or
exclusion of an article to reach consent.

Data extraction
Two authors (JETB and SK) independently extracted all relevant data and entered into a standardized
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questionnaire. The disagreements were resolved by discussion between the two investigators and
consultation of a third author if an agreement could not be reached (AF). The standardized
questionnaire included: (1) Title; (2) First author; (3) Year of publication; (4) Time of data collection; (5)
Country; (6) Participants interview period; (7) LRTI type; (8) LRTI rank; (9) LRTI period; (10) Age at
LRTL (11) Type of infection associated with the LRTI; (12) Control age; (13) Control gender; (14) Total
number of cases and controls; and (15) Numbers with asthma at follow-up and numbers of confounders
in case and control groups.

Risk of bias assessment

We (JETB and SK) independently assessed the quality of publications using the Newcastle-Ottawa scale
[67]. We assessed several potential sources of bias including patient selection in the study, comparability
of groups, and outcome evaluation (Supplementary Table 3). We rated the studies as “low risk of bias”
and “high risk of bias” for scores of 6-9 and 0-5, respectively.

Statistical analysis

Odds ratio (OR) was used as a measure of the association between bronchiolitis potential risk factors
and bronchiolitis long-term respiratory sequelae. The heterogeneity was evaluated by visual inspection
of the funnel diagram, the Q test, and the I? statistic[68,69]. Heterogeneity between studies was
considered significant for values of P < 0.1 and I? > 50%. The impact of the quality of the selected studies
was evaluated by a sensitivity analysis omitting high risk of bias studies. Subgroup analysis was
performed on the basis of the sampling approach, the countries, the age at LRTI development, the age at
interview, the hospitalization status of the controls, the viruses responsible for LRTI, the type of LRTI,
and the phenotype of asthma. Sensitivity analysis including only studies with the confounding factor
proportions similar between cases and controls were carried out as described previously[70].

RESULTS

Overview of included studies

As shown in Figure 1, 875 articles were found in PubMed and Global Index Medicus. A total of 733
publications were excluded after selection according to titles and abstracts. Of the remaining 162
articles, 147 articles were eliminated for multiple reasons (no LRTI negative group, no data on asthma,
wrong study design, not viral laboratory confirmed LRTI, and not LRTI, Supplementary Table 4). Based
on the inclusion criteria, 15 comparative publications (18 unique studies) were finally selected for this
systematic review[71-85].

Study characteristics

The characteristics and risk of bias of the 18 unique studies are summarized in Supplementa-
ry Tables 5-7. All studies were published from 1982 to 2018 and were conducted on children and adults
between < 9 mo and 20 years of age. LRTIs were dominated by bronchiolitis (83.3%) and were recorded
between 1967 and 2005. The authors of 61.1% of the studies reported that children had their first episode
of LRTI and all children with LRTI were hospitalized. The majority of children recruited in the studies
were < 2 years or < 1 year at the time of the LRTI in childhood (88.9%). Most studies presented a low
risk of bias (77.8%) and were conducted in Europe (88.9%) with prospective follow-up (94.4%) of
children included. All included articles were written in English and from high-income countries. The
virus mainly reported in the studies was HRSV (83.3%).

Overall prevalence and sensitivity analysis of asthma in the LRTI group and controls

Compared to controls, most children in the LRTI group had subsequent asthma [OR = 5.0, 95%ClI: 3.3-
7.5], including doctor-diagnosed asthma (OR = 5.3, 95%CI: 3.3-8.6), current asthma (OR = 5.4, 95%CI:
2.7-10.6), and current medication for asthma (OR = 1.2, 95%CI: 0.7-3.9) (Figure 2). Sensitivity analyses
including studies based on the first episode of LRTI (OR = 4.6, 95%ClI: 2.6-8.1), doctor-diagnosed asthma
(OR = 5.3, 95%CI: 3.3-8.6), and studies with low risk of bias (OR = 4.5, 95%ClI: 2.9-7.2) showed
conclusions consistent with overall analyses (Table 1). For the studies that reported confounding factors,
we illustrated the definitions in Supplementary Tables 8 and 9. Qualitative confounders included
gender, preterm birth, smoking exposure, crowding, family history of atopy, and family history of
asthma. Quantitative confounders included age at LRTI development, age at interview, birth weight,
gestational age, number of siblings, weight, and height. The association between LRTI and subsequent
asthma was also maintained in all sensitivity analyses including more than two studies with
confounding factor proportions similar between cases and controls, notably for male gender, weight,
height, age, presence of pets in the home, family history of atopy, family history of asthma, and
exposure to smoke.
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Table 1 Asthma in children with and without viral lower respiratory tract infections in infancy and control without respiratory diseases

OR 95% prediction Studies, LRTI Controls, H P value P value

Asthma ] 0% P : o P(95%C) > -
(95%Cl) interval n cases,n n (95%Cl) heterogeneity Egger’s test

Overall 5(3.3-75) (1.2-20.3) 18 906 9632 1.6(1.2- 588 (30.6- 0.001 0.671

2.0) 75.5)

Sensitivity analyses

First episode of LRTI 4.6 (2.6- (0.8-27.1) 11 725 9199 17 (13- 67 (37.7- 0.001 0.974
8.1) 2.4) 82.5)

Doctor-diagnosed 5.3 (3.3- (1.4-19.7) 10 571 9057 16(1.1- 593 (18.4- 0.008 0.822

asthma 8.6) 2.2) 79.7)

Low risk of bias 45 (2.9- (1.1-18.2) 14 732 1441 15(1.1- 545 (16.9- 0.007 0.873
7.2) 2.0) 75.1)

Asthma in father 125(49- NA 2 55 60 1 0 0.741 NA
31.9)

Asthma in mother 125(49- NA 2 55 60 1 0 0.741 NA
31.9)

Asthma in parents 10.6 (5.4-  (24-47.1) 4 186 370 1(1.0-26) 0(0-84.7)  0.653 0.034
20.9)

Asthma in siblings 12.5(4.9- NA 2 5] 60 1 0 0.741 NA
31.9)

Atopy in father 12.5(49- NA 2 55 60 1 0 0.741 NA
31.9)

Atopy in mother 6.1 (4.1- (0.5-72.6) 3 213 577 1.2(1.0-  30.6 (0- 0.237 0.358
8.9) 3.7) 92.8)

Atopy in parents 9.1 (4.7- (3.1-26.4) 5 200 375 11(1.0- 11.2(0- 0.342 0.233
17.5) 2.3) 81.5)

Atopy in siblings 149(37- NA 1 23 30 NA NA 1 NA
58.9)

Current allergy 2.3 (0.9- NA 1 35 64 NA NA 1 NA
5.8)

Current eczema 2.3 (0.9- NA 1 35 64 NA NA 1 NA
5.8)

Family history of 149 (49- NA 2 93 183 1 0 0.496 NA

asthma 45.4)

Family history of 149 (49- NA 2 93 183 1 0 0.496 NA

atopy 45.4)

Family smoking 14.6 5.9-  (0-5178.5) %) 140 278 1(1.0-3.1) 0(0-89.6) 0.781 0.349
36.2)

Father smoking 12.5(49- NA 2 55 60 1 0 0.741 NA
31.9)

Father smoking, time 1.2 (0.4- NA 1 130 111 NA NA 1 NA

of study 3.9)

Heredity for asthma  13.9 (2.9- NA 1 47 93 NA NA 1 NA
65.8)

Heredity for atopy 139 (29- NA 1 47 93 NA NA 1 NA
65.8)

History of atopic 1.2 (0.4- NA 1 37 37 NA NA 1 NA

dermatitis 4.0)

Male gender 5.3 (3.9- (3.6-7.8) 8 451 945 13 (1.0- 443 (0- 0.084 0.913
7.2) 2.0) 75.3)

Mother smoking 125(49- NA 2 55 60 1 0 0.741 NA
31.9)

Mother smoking, 10 1.2 (0.4- NA 1 130 111 NA NA 1 NA

yr before 3.9)

Parental smoking 2.3 (0.9- NA 1 35 64 NA NA 1 NA
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Positive airway
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Siblings in the house
Single heredity for

asthma

Single heredity for
atopy

Smoke exposure

Wheeze the first 5 yr
of life

Age at interview (yr)
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(mo)

Gestational age (wk)
Height at age 6 (cm)
Height at interview
(em)

Number of siblings

Weight at age 6 (kg)

Weight at interview

(kg)
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5.38)
65(39-  (1.8-243) 7 482 965 14(10- 508(0-  0.058 0.934
11.0) 22) 79.1)

12(04- NA 1 37 37 NA NA 1 NA
40)

12(04- NA 1 37 37 NA NA 1 NA
40)

108 (30- NA 1 32 30 NA NA 1 NA
38.7)

3918 NA 1 95 113 NA NA 1 NA
8.6)

23(09- NA 1 35 64 NA NA 1 NA
5.8)

281(35- NA 1 47 93 NA NA 1 NA
225.7)

281(35- NA 1 47 93 NA NA 1 NA
225.7)

51(36-  (0.5-49.0) 3 299 722 1(1.0-31) 0(0-89.6) 0.665 0.801
7.2)

12(04- NA 1 37 37 NA NA 1 NA
40)

11(01- NA 1 14 5 NA NA 1 NA
13.8)

125(49- NA 2 55 60 1 0 0.741 NA
31.9)

5234  NA 1 158 517 NA NA 1 NA
8.0)

5234 NA 1 158 517 NA NA 1 NA
8.0)

94 (46-  (0.1-1002.0) 3 139 277 1(1.0-31) 0(0-89.6) 0711 0194
19.3)

179 (51- NA 2 94 186 1 0 0.59% NA
62.2)

52(34- NA 1 158 517 NA NA 1 NA
8.0)

146 (59-  (0-51785) 3 140 278 1(1.0-31) 0(0-89.6) 0781 0.349
36.2)

LRTI: Lower respiratory tract infection; OR: Odds ratio; NA: Not applicable.
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Subgroup analysis

The subgroup analyses are displayed in Supplementary Table 10. The strength of the association
between LRTI and asthma was significantly stronger for studies with probabilistic than non-probab-
ilistic recruitment [OR = 4.5 (3.0-6.8) vs OR = 12.5 (4.9-31.9), P = 0.048]. The strength of association
between LRTI and subsequent asthma also varied significantly among countries (P < 0.001). Age at
follow-up was related to the strength of the association between LRTI in childhood and the
development of asthma later (P = 0.005). The association of asthma with LRTI in childhood was higher
in studies with hospitalized controls (OR = 14.2, 95%CI: 6.7-30.1) compared to studies with ambulatory
controls (OR = 3.9, 95%CI: 2.3-6.6) and was statistically significant (P = 0.006). Other parameters
including the age of LRTI development, the virus detected in children with LRTI, the type of LRTI, and
the phenotype of asthma did not significantly influence the strength of the association between LRTI
and subsequent asthma.

Heterogeneity and publication bias

Using visual inspection, the asymmetry distribution of the funnel graph was used to check for
publication bias. We observed no publication bias by the funnel graph (Supplementary Figure 1). The P
= 0.671 of the Egger regression test also indicated an absence of publication bias. We recorded a
substantial heterogeneity [I>= 58.8 (30.6-75.5)] in the overall estimates (Table 1).
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Records identified through Additional records identified
database searching (7 = 875) through other sources (n = 22)

Records after duplicates removed (7 = 895)

Records screened Records excluded

(n = 895) (n = 733)
Full-text articles assessed Full-text articles excluded, with reasons
for eligibility (n = 162) (n =147)

1 No LRTI-group (53)
2 Not cohort study (26)
3 Not viral laboratory confirmed LRTI (22)

Studies included in 4 Review (17)
qualitative synthesis 5 No data on outcomes (13)
(n = 15) 6 Not LRTI (10)

7 Editorial (4)
8 Comment on an article (2)

Studies included in
quantitative synthesis
(meta-analysis) (7 = 15)

DOI: 10.5492/wjccm.v11.i4.298 Copyright ©The Author(s) 2022.

Figure 1 Study selection. LRTI: Lower respiratory tract infection.
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DISCUSSION

We have two main results in this meta-analysis: (1) By taking into account multiple confounding factors
including gender, age at LRTI development, age at interview, gestational age, birth weight, weight,
height, smoking exposure, overcrowding, and family history of atopy/asthma, this meta-analysis
suggests that LRTI due to several viruses in children < 2 years is significantly associated with an
increased risk of asthma up to 20 years later; and (2) This increased risk of developing asthma was
present regardless of the virus detected in LRTI and the type of LRTL

Our findings are correlated with similar systematic reviews previously conducted[44,86-89]. Kneyber
et al[44] reported in a quantitative analysis in 2001 the increased risk of asthma in hospitalized children
for bronchiolitis episodes due to HRSV at less than 1 year compared to controls. The systematic review
by Pérez-Yarza et al[88] analyzed 8 published studies from 1985 to 2006 and found a positive association
between HRSV respiratory infections at less than 3 years of age and the risk of subsequent physician-
diagnosed asthma development. Régnier et al[89] in 2013 showed in a review of 15 studies published
from 1977 to 2012 that hospitalizations with HRSV at less than 3 years were correlated significantly with
a risk of developing a parent or physician-diagnosed asthma in the 12 mo preceding follow-up. Fauroux
et al[86], in a systematic review without meta-analysis conducted in 2017 on studies published between
1995 and 2015 and conducted in Western countries, also reported increased risk of developing asthma
following hospitalizations due to severe HRSV LRTI registered at less than 3 years. Liu et al[87] also
reported in 2017 in a review of 15 studies published between 1988 and 2017 that wheezing due to RV
predisposed children at high risk of asthma later[87]. In this study, the definitions of asthma were
prioritized in order of decreasing priority: doctor-diagnosed asthma vs parent-diagnosed asthma and
current asthma vs asthma during the previous year vs asthma at any time.

In a review published by Edmond et al[90] in 2012, no association was observed between childhood
pneumonia and the development of subsequent asthma. Most studies on the association between viral
LRTIs and the subsequent development of asthma have focused primarily on bronchiolitis such as LRTL
Early studies show that HRSV infections were associated with increased risk of asthma[44,86,88,89]. In
this systematic review, regardless of the virus responsible for bronchiolitis in childhood, the association
remained with asthma later. The risk was higher in non-HRSV viruses and more specifically in human
metapneumovirus and RV, suggesting that the development of asthma after bronchiolitis in childhood
is not different depending on the type of virus detected in the LRTI. This result is consistent with the
meta-analysis of Liu et al[87], who had shown that childhood RV infections predisposed to the risk of
developing asthma later. The systematic review by Fauroux et al[86] found that infections with non-
HRSV respiratory viruses (influenza A, human bocavirus, human parainfluenza virus-3, human
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LRTI (+) LRTI (-)

Study Total Events Total Events OR 95%—-Cl Weight
Current asthma :

Backman, 2018_HPIV, HAdV, Influenza Virus 12 7 80 7 — 10.60 [2.63; 42.65] 4.8%
Backman, 2018_Human Respiratory Syncytial Virus 14 6 60 7 —_— 5.68 [1.52; 21.25] 51%
Backman, 2018_Rhinovirus 14 9 60 7 — 13.63 [3.54; 52.45] 5.0%
Fjaerli, 2005 35 12 64 12 —— 226 [0.88; 578] 7.0%
Poorisrisak, 2010 37 7 37 6 — 1.21 [0.36; 4.00] 57%
Sigurs, 2010 46 15 92 6 —— 6.94 [2.47; 19.46] 6.5%
Strannegard, 1997 47 1M1 AN 1 ———— 27.50 [3.42;220.85] 2.9%
Random effect meta—analysis 205 464 o 5.40 [2.73; 10.69] 37.0%
Heterogeneity: 1> =58.2% [ 3.4%; 81.9%)], ©° = 04173, p =0.0259 :

Current medication for asthma :

Pullan, 1982 130 7 1M1 5 — 1.21 [0.37; 3.91] 58%
Random effect meta—analysis 130 111 —_— 1.21 [0.37; 3.91] 5.8%
Heterogeneity: not applicable :

Doctor-diagnosed asthma :

Bertrand , 2015 14 3 5 1 _— 1.09 [0.09; 13.78] 2.1%
Garcia-Garcia, 2007_Human Metapneumovirus 23 16 30 4 — 14.86 [3.75; 58.90] 4.9%
Garcia-Garcia, 2007_Human Respiratory Syncytial Virus 32 20 30 4 —_ 10.83 [3.03; 38.69] 5.3%
Henderson, 2005 73 28 8039 1613 - 248 [1.54; 3.99] 9.6%
Korppi, 2004 36 6 45 5 —— 1.60 [0.45; 5.74] 53%
Sigurs, 1995 47 1 93 1 ——=—— 28.11 [3.50; 225.70] 2.9%
Sigurs, 2000 47 1 93 2 — 13.90 [2.94; 65.85] 4.2%
Sigurs, 2005 46 13 92 3 —_—— 11.69 [3.13; 43.64] 51%
Singleton, 2003 95 26 113 10 — 3.88 [1.76; 8.56] 7.8%
Zomer—Kooijker, 2014 158 63 517 58 - 525 [3.45; 7.98] 9.9%
Random effect meta—analysis 571 92057 < 5.33 [3.30; 8.61] 57.3%
Heterogeneity: /% = 59.3% [18.4%: 79.7%), 7° = 0.2617, p = 0.0085

Overall random effect meta—analysis 906 9632 < 5.01 [3.33; 7.53] 100.0%

Heterogeneity: /2 = 58.8% [30.6%; 75.5%], 7° = 0.3928, p = 0.0009 r T T !
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Figure 2 Forest plot of asthma in children with and without viral lower respiratory tract infections in infancy. LRTI: Lower respiratory tract
infection; OR: Odds ratio.
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adenovirus, human metapneumovirus, and unknown etiology) were associated with a higher risk of
subsequent asthma than HRSV.

The attribution of the causal role of preschool or adult asthma to bronchiolitis remains a subject of
debate[91]. Several other factors such as female sex, passive smoking, overweight, low weight at birth,
premature birth, or family history of atopy have been proposed as factors associated with asthma at
school age[24,92-97]. Breastfeeding was also reported as a protective factor against asthma as a result of
bronchiolitis in childhood[58,98]. These multiple other risk factors could interact additively with
bronchiolitis to promote the development of asthma[45]. This meta-analysis appropriately assessed for
the first time the confounders of the relationship between bronchiolitis in childhood and asthma later.
This meta-analysis revealed that bronchiolitis is independently associated with subsequent asthma.

In this systematic review, we followed a rigorous methodology according to the PRISMA guidelines
and applied a very sensitive research strategy accompanied by a very intensive manual search. We
carefully collected and shared the individual data from the included studies and gave the individual
reasons for exclusion of all articles examined entirely. We have explored and explained almost all
sources of heterogeneity. The multiple sensitivity analyses gave consistent results with the overall
results.

However, some methodological weaknesses must be considered in interpreting the results of this
study and in future research on the subject. First, some subgroup analyses were probably limited by the
small number of studies, particularly the non-bronchiolitis and non-HRSV studies. Apart from these
areas eligible for improvement, future work should focus on assessing the sequelae of non-bronchiolitis
LRTI with non-HRSV etiology, particularly in low income countries (Africa and Southeast Asia) where
the data suggested that asthma could be associated with a significant burden[99]. Another potential
limitation of this review would be the absence of data in the included studies concerning the type of
asthma observed, which could be allergic asthma or not.

CONCLUSION

In conclusion, the current meta-analysis has shown that viral LRTI at < 2 years, independently of the
detected virus, is a predictive factor of asthma sequelae up to the age of 20. Health care workers and
parents should be aware of these findings when managing viral LRTT in childhood.
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ARTICLE HIGHLIGHTS

Research background

We performed a literature search in PubMed and Global Index Medicus in December 2019 using
keywords covering low respiratory tract infections AND common respiratory viruses AND asthma. The
results of our research depicted in original articles, narrative reviews, and systematic reviews
suggesting that human respiratory syncytial virus (HRSV) and rhinovirus (RV) bronchiolitis in
childhood are associated with an increased risk of asthma later. This research also identified conflicting
data on the influence of confounding factors on the high risk of developing asthma after bronchiolitis in
childhood. It has also emerged from this research that the involvement of lower respiratory tract
infections (LRTI) other than bronchiolitis and respiratory viruses other than HRSV and RV in the
subsequent risk of asthma remains hypothetical to date.

Research motivation

Taking into account confounding factors, the influence of respiratory infections other than bronchiolitis
in childhood and respiratory viruses other than HRSV and RV should be weighed against the risk of
developing subsequent asthma.

Research objectives
This study was conducted to assess the influence of viral LRTI at < 2 years on the risk of subsequent
asthma development.

Research methods

This meta-analysis included cohort studies with viral LRTI at < 2 years as exposure and asthma as
outcome. R software version 4.1.0 was used to calculate the odds ratios and their 95%CI using a
random-effects model.

Research results

This study included 15 articles and demonstrated the implications of childhood viral LRTI in the risk of
subsequent asthma development up to the age of 20 (odds ratio = 5.0, 95%CI: 3.3-7.5). This risk of
developing asthma was not influenced in sensitivity analyses including only confounding factors with
similar proportions between exposed and unexposed. The estimates were not affected by publication
bias, but there was significant heterogeneity.

Research conclusions
Childhood viral LRTIs, primarily HRSV bronchiolitis, are significantly associated with a risk of
developing asthma later in life.

Research perspectives

To curb the heavy burden of asthma in patients of all ages, we hope that the results of this review will
encourage the implementation of a sensitization program for this association of viral LRTI in childhood
and the subsequent asthma risk. Interventional studies are needed to involve the causality relationship
between neonatal viral LRTI and the subsequent risk of asthma.
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