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KEY POINTS: 

-While children are less affected than adults with coronavirus disease 2019 (COVID-19), 

over 5 million children in the United States have been infected and the overall public 

health implications of the pandemic on children are severe. 

-Certain high-risk conditions make children more prone to severe disease. 

- Children are admitted to the pediatric intensive care unit (PICU) for severe acute 

COVID-19 which is SARS-CoV-2 infection associated with one or more organ system 

involvement or multisystem inflammatory syndrome in children (MIS-C).  

- Pediatric critical care physicians should be cognizant of complications from 

hyperinflammation in SARS-CoV-2 infections, management of COVID-19 associated 

acute respiratory failure, and special precautions to be taken during aerosol generating 

procedures. 

-  Presentations of MIS-C can be like other diseases and might be especially hard to 

differentiate from Kawasaki disease. 

- Diagnosis and treatment of MIS-C using available guidelines can result in favorable 

outcomes in critically ill children. 
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SYNOPSIS 

Coronavirus disease 2019 (COVID-19) is an ongoing pandemic caused by the SARS-CoV-2 

virus. While less susceptible to SARS-CoV-2 than adults, over five million children have been 

infected in the United States. Several important risk factors for more severe disease progression 

include obesity, pulmonary disease, gastrointestinal disorders, and neurological co-morbidities. 

Children with COVID-19 are admitted to the PICU because of severe acute COVID-19 illness or 

COVID-19 associated MIS-C. The primary reasons for admission for severe acute COVID-19 

are respiratory problems such as pneumonia and acute respiratory distress syndrome (ARDS). 

Patients with MIS-C require PICU admission because of cardiac, cardiorespiratory, and 

gastrointestinal complications. MIS-C can be especially difficult to differentiate from Kawasaki 

disease.  Hyperinflammation seen in SARS-CoV-2 infections plays a major role in pathogenesis 

and complications seen in severe acute COVID-19. Precautions to be taken during aerosol 

generating procedures, management strategies of COVID-19 acute respiratory failure, 

recognition and management of hypercoagulable states, and diagnosis and treatment of MIS-C 

have demanded unprecedented, rapid and unique adaptations in the PICU. The delta surge of 

2021 was responsible for an increased disease burden in children and points to the key role of 

vaccinating children against this sometimes-deadly disease. Other long term public health 

impacts of the pandemic (mental health crisis, strain on the medical home and school disruption) 

will be felt for a long time. 
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INTRODUCTION 

The COVID-19 pandemic has wreaked havoc across the world, with an estimated 

242,688,319 human infections and 4,932,928 deaths worldwide as of November of 2021.1 

Children were first thought to be “immune” from infection, but the truth is a much more 

sobering tale of infections, hospitalizations, deaths, and long-term (long-haul) symptoms. In 

this section, we will outline what is known about the epidemiology of COVID-19 infection in 

children to date. In addition, we will discuss severe COVID-19 disease in children and 

address the public health toll the pandemic has exerted on children and issues that we must 

address with “lessons learned” to help prepare for the next pandemic. 

Epidemiology and Early Pandemic Reports: 

Unlike many pediatric illnesses where knowledge of epidemiology, clinical course, and 

outcomes are gathered over a long time, the COVID-19 pandemic saw a shift to fast-track 

publication of case reports, meta-analysis, and essential updates from both the private sector 

and government (i.e., CDC/MMWR, etc.). At a time of a public health emergency, one must 

balance rapid publication of domestic and international experience with academic and 

scientific rigor.  

The first reports of pediatric COVID-19 illness emerged from the Shanghai Children’s 

Medical Center in China in March 2020 with data from 2,135 children with COVID-19 

reported to the Chinese Center for Disease Control and Prevention.2 The median age of 

children with COVID-19 was seven years, and 56% were male. Although 51% of the patients 

had “mild symptoms,” 38% had moderate symptoms (pneumonia and wheezing), and 6% had 

severe or critical clinical findings such as hypoxia and respiratory failure. Lu et. al. published 

a cohort analysis of 171 COVID-19 positive children from Wuhan Children’s Hospital in 
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April 2020.3 Seventy had fever, twelve had pneumonia, three required mechanical 

ventilation, and one died. While these early reports showed that children had a less severe 

clinical course than adults, a small but concerning percentage of children progressed to 

respiratory failure. 

The University of Texas-San Antonio and Texas Children’s Hospital published meta-

analysis/case summary of children with COVID-194, with 131 studies from 26 countries and 

7,780 children from January to May 2020 (Fig.1). The median age was 8.9 years, and 75.6% 

were exposed to an adult with COVID-19. Need for ICU care was 3.3%, and length of 

hospital stay was 11.6 days. Approximately 35% had underlying medical conditions, with 

immunodeficiency being the most common at 30.5%. (Fig.2) 

Children and Susceptibility to SARS-CoV-2: 

Viner et. al. performed a meta-analysis on 13,926 published articles and summarized 32 

studies with data from 41,460 children5. Compared with data from 14 studies on adults with 

COVID-19, children had lower susceptibility to SARS-CoV-2 with a pooled OR of 0.56 

(95% CI, 0.37 to 0.85).  Data regarding transmission of COVID-19 by children were 

inconclusive.  Gaythorpe et.al. reviewed 128 studies to examine COVID-19 susceptibility 

and transmissibility in children and showed the odds ratio of an asymptomatic child having 

an infection was 21.1% (95% CI; 14.0-28.1%), and the proportion of children with severe 

disease was 3.8% (95% CI; 1.5-6.0%)6. The authors were not able to determine a child’s 

ability to spread COVID-19. 

UNITED STATES EXPERIENCE 

An analysis of 12,306 children from the United States infected with COVID-19 from April to 

October 2020 examined symptoms and clinical course.7 Symptoms included respiratory 
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(16%), gastrointestinal (13.9%), rash (8.1%) and neurological (4.8%). Eighteen percent had 

nonspecific findings such as fever and malaise. Five percent required hospitalization, of 

whom 17.6% needed mechanical ventilation.  Male and female children are equally affected, 

and risk of hospitalization is greater among non-Hispanic black and Hispanic children 

compared to non-Hispanic whites. Among hospitalized children, the rate of intensive care 

unit admissions is similar to adults.8 

PROGRESSION AND SEVERITY OF DISEASE 

Graff et. al. reported on which children are at most significant risk for severe complications 

from COVID-19 infection.9 At the time, there were up to 1.3 million children infected with 

COVID-19 in the US. This group examined the clinical course of children with the diagnosis 

of COVID-19 at their institutions from March to July 2020, where 454 children tested 

positive for SARS-CoV-2. The most frequent risk factor for COVID-19 exposure was a 

family member testing positive for SARS-CoV-2. Participation in social gatherings of 10 or 

more was a significant risk factor as well. Forty-five percent of the children with COVID-19 

were identified with at least one co-morbid condition: pulmonary (16%), GI (11%), and 

neurologic (11%). Among the comorbid conditions, asthma, diabetes and obesity were 

predictors of severe COVID-19 in children. Eighty-five were hospitalized, of whom sixty-six 

were symptomatic. (The remaining nineteen patients were admitted for other reasons and 

never had COVID symptoms). Of the sixty-six symptomatic patients, 55% required 

respiratory support, and 17% required critical care (Fig.3). The need for hospitalization was 

associated with younger age (0-3 months) and the presence of co-morbidities. Requirement 

for respiratory support was associated with Hispanic ethnicity, age 0-3 months, obesity, and 
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asthma. The need for critical care was associated with obstructive sleep apnea and elevated 

CRP at the time of admission.  

Investigators from the Centers for Disease Control (CDC) examined disease severity in 

children admitted with COVID-19 from March to October 2020 utilizing the Premier Health 

Care Database and identified 20,714 children with COVID-19, 2,430 of whom were 

hospitalized.10 Severe COVID-19 disease was associated with males younger than 1 year, and 

the presence of co-morbidity. There was no association between race/ethnicity and severe 

COVID-19.  

THE DELTA VARIANT SURGE AND CHILDREN 

The American Academy of Pediatrics (AAP) and the Children’s Hospital Association (CHA) 

began publishing pediatric data weekly starting in the Fall of 2020, indicating increasing 

numbers of children (<17 y) with COVID-19 and hospitalization rates, especially during the 

Delta surge of 2021.11 

As of October 2021, 5,899,148 children were reported to have COVID-19, representing 

16.2% of US cases with an overall rate of 7,838 cases per 100,000 children.  

Compared to adults, the hospitalization rate for children with COVID-19 remained low until 

a spike in September 2021. Pediatric hospitalization rates varied between 1.3-3.2 per 100,000 

children for ages 0-4 years and 0.8 to 1.4 for children 5-17 years. 

Per CDC data:  

“During a subsequent 6-week period after the Delta variant became predominant, COVID 

infection rates rose each week to 1.4 during the week ending August 14, 2021, which was 4.7 

times the rate during the week ending June 26, 2021 and approached the peak 

hospitalization rate of 1.5 observed during the week ending January 9, 2021. Weekly rates 
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increased among all age groups; the sharpest increase occurred among children aged 0–4 

years, for whom the rate during the week ending August 14, 2021 (1.9) was nearly ten times 

that during the week ending June 26, 2021 (0.2).” 

While overall hospitalization rates remained lower in children compared to adults, 20-26.4% 

of hospitalized children required ICU care, and 9-12% of children required mechanical 

ventilation. The mortality rate from COVID-19 is relatively low (for states reporting, 0-

0.26% of total COVID deaths were children.)  

EFFECT OF COMMUNITY VACCINATION ON PEDIATRIC COVID-19 

Unfortunately, due to areas in the US with low vaccination rates in adults, the Delta variant 

emerged in 2021 as the predominant strain of COVID-19 causing infection in children. In 

addition, because children less than 12 years were ineligible to receive any of the emergency 

use approval (EUA) vaccines in early 2021, and the refusal to wear masks and adhere to 

social distancing recommendations, the number of children with COVID-19 infections 

increased, and were 1.5-3 times more likely to require emergency care for COVID-19.12 

       

Clinics Care Points 

 Despite lower overall hospitalization rates for COVID-19 in children, the rate of 

intensive care unit admissions among hospitalized children is similar to adults. 

 Intensivists should be aware of underlying conditions which can put children at risk for 

severe COVID-19. 

 Hospitalization rates for children have increased since the start of the pandemic 

especially during the Delta surge of 2021. 
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 Efficacy studies for vaccines in children and vaccination recommendations for children 

are underway.  

 

 

 

PATHOGENESIS 

Transmission of SARS-CoV-2 is primarily through airborne droplets and to a lesser extent from 

contaminated surfaces and rarely through body fluids.  The virus can transmit over long 

distances especially when indoors. Incubation period is 3-6 days. The entry into host cells is 

mediated by its spike glycoprotein (S-glycoprotein) binding to ACE2 cellular receptor in the 

upper respiratory tract to begin primary replication.13 Patients can be asymptomatic carriers or 

have mild symptoms at this stage. Viral load is elevated in the first week followed by a 

progressive decline in seven to ten days with increase in IgM and IgG antibodies against viral 

antigens. The persistence of high viral load leads to migration of virus in the airway with entry 

into alveolar epithelial cells where it replicates, causing localized inflammation and pneumonia. 

Cell apoptosis occurs, with increased capillary permeability and release of proinflammatory 

proteins. Cytokine storm can ensue with release of inflammatory markers such as interleukins 

(IL) - IL-2/6/7/10, granulocyte colony stimulating factor (GCSF), interferon gamma-induced 

protein 10 (IP-10), macrophage chemoattractant protein-1 (MCP-1), macrophage inflammatory 

protein-1 (MIP-1), and tumor necrosis factor-α (TNF-α) which can cause acute respiratory 

distress syndrome (ARDS), septic shock and multi-organ dysfunction.14 

  

 

Tags for SEO: COVID-19, CDC, Delta variant 

Jo
urn

al 
Pre-

pro
of



 10 

COVID-19 IN CRITICALLY ILL CHILDREN 

Children with COVID-19 are admitted to the PICU because of severe acute COVID-19 illness 

which is SARS-CoV-2 infection with one or more organ system involvement or COVID-19 

associated MIS-C.  

 

SEVERE ACUTE COVID -19 

Children with severe acute COVID-19 are admitted to the PICU for respiratory problems such as 

pneumonia and ARDS. Cardiovascular, gastrointestinal, neurologic, hematologic, and acute 

kidney injury (AKI) complications can result from severe acute COVID-19. Risk factors for 

severe acute COVID-19 are the presence of one or more underlying conditions such as obesity, 

chronic pulmonary disease, neurological disease, cardiovascular disease, medical complexity and 

technology dependence, sickle cell disease, or immunosuppresion.15-19 Underlying chronic 

respiratory diseases such as asthma and cystic fibrosis were not significantly exacerbated by 

SARS-CoV-2.19 Younger age, obesity, hypoxia on admission, elevated white blood cell count, 

and bilateral infiltrates on chest radiograph, are predictors of severe respiratory disease.20 

DIAGNOSIS: 

Laboratory tests: 

Detection of SARS-CoV-2 nucleic acid using real-time reverse transcriptase-polymerase chain 

reaction (RT-PCR) is considered the gold-standard for the diagnosis of COVID-19.21 The virus 

can be detected in the upper airway (nasopharynx swab) or lower airway secretions (tracheal 

aspirates, bronchoalveolar lavage), blood, urine, and stool.  Leukocytosis or leukopenia, 

lymphocytosis or lymphopenia, and elevations of C-reactive protein (CRP), serum ferritin, 

lactate dehydrogenase (LDH), D-dimers, procalcitonin, erythrocyte sedimentation rate (ESR), 
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serum aminotransferases, and creatine kinase-myocardial bands (CK-MB) have been 

observed.22,23 Elevations of CRP, procalcitonin, pro-B type natriuretic peptide (BNP) and platelet 

count are more common in children requiring PICU admission compared to other hospitalized 

patients.24 Organ dysfunction was associated with elevated CRP, elevated white blood cell 

(WBC) count, and thrombocytopenia.25  

Hyperinflammation associated with elevated LDH, D-dimer, IL-6, CRP, ferritin and decreased 

lymphocyte count, platelet count, and albumin level were associated with worse outcomes in 

adult patients with COVID-19.26 

Imaging studies:  

Chest radiography is routinely performed in most children hospitalized for acute respiratory 

failure from COVID-19. While chest radiographs do not have high sensitivity and specificity for 

the diagnosis of COVID-19, it is useful to monitor disease progression. Bilateral distribution 

with presence of peripheral or subpleural ground glass opacifications and consolidation are 

common findings in COVID-19 pneumonia or ARDS (Fig.4). Typical features of viral 

respiratory infections in children such as increased perihilar markings and hyperinflation were 

not reported in children with COVID-19.27,28 

Computerized tomography (CT) scans are considered the ‘gold-standard’ for imaging with 

COVID-19 respiratory disease.29 CT scans are highly sensitive and specific and can detect 

infection before the appearance of clinical signs.29,30 Three phases of evolution have been 

observed in children with COVID-19 disease. These include the “halo” sign defined as nodules 

or masses surrounded by ground glass opacifications seen in the early phase of the disease, 

widespread ground-glass opacifications in the progressive phase and consolidative opacities in 

the developed phase. Peribronchial thickening and inflammation along the bronchovascular 
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bundle are observed more frequently in children than adults.31 Fine mesh reticulations and “crazy 

paving” sign have been reported. Pleural effusion and lymphadenopathy are rare.31 When 

compared to adults, children were found to have less positive CT findings, lower number of 

pulmonary lobes involved, and lower overall semiquantitative lung score which measures the 

extent of lung involvement.31 Because of these findings and concerns for radiation exposure, 

transport of unstable patients to CT suites, and infection control issues, chest CT is not 

recommended as the initial diagnostic test in children suspected of having COVID-19. However, 

it may be considered to answer specific clinical questions such as presence of pulmonary 

embolism, assessment of those not responding to treatment and to track evolution of fibrotic 

disease. Lung ultrasound is a useful imaging modality as semiquantitative scores in lung 

ultrasound have been shown to be consistent with those in lung CT scans in adults who are 

critically ill with COVID-19, and should be considered in children.30,32 

Recommendations for diagnostic tests in Severe Acute COVID-19: 

Laboratory tests: SARS-CoV-2 RT-PCR, COVID-19 IgG, complete blood count (CBC), 

complete metabolic panel (CMP), LDH, CRP, procalcitonin, ESR, prothrombin time (PT), 

partial thromboplastin time (PTT), troponin, BNP.  Ferritin, and cytokine panel when available 

will provide additional information about the hyperinflammatory state. 

Cardiac evaluation: Baseline electrocardiogram (ECG) should be obtained in all patients, and 

those with abnormal troponin should undergo echocardiography. 

Imaging studies: chest radiograph in all patients, CT scan if pulmonary embolism is suspected.   

Clinics Care Points 

 Severe acute COVID-19 which is SARS-CoV-2 infection with one or more organ system 

involvement requires PICU admission. 
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 Pediatric intensivists should be familiar with MIS-C and its complications.  

 The gold-standard for diagnosis of COVID-19 is detection of SARS-CoV-2 nucleic acid using 

RT-PCR. 

 Hyperinflammation plays a major role in pathogenesis of SARS-CoV-2 and complications of 

severe acute COVID-19. 

 Intensivists should be familiar with chest radiograph changes in severe acute COVID-19 and 

Chest CT should be considered only in those patients in whom pulmonary embolism is a 

concern. 

SEVERE ACUTE COVID-19 COMPLICATIONS: 

Acute Respiratory Failure 

Clinical Features: SARS-CoV-2 pneumonia can cause acute respiratory failure and progress to 

ARDS.  Diagnostic criteria for COVID-19 ARDS are the same as for pediatric ARDS (PARDS) 

from other causes. Patients typically have worsening respiratory symptoms one week after 

disease onset, new opacities on chest imaging that are not due to cardiac failure or volume 

overload, partial pressure of oxygen (PaO2) to fraction of inspired oxygen (FiO2) ratio < 300 mm 

Hg or oxygen saturation by pulse oximetry/FiO2 < 264 during non-invasive ventilation, 

oxygenation index (OI) > 4 or oxygen saturation index (OSI) > 5 during invasive mechanical 

ventilation. Mild, moderate, and severe PARDS is defined as OI/OSI of 4-8/5-7.5, 8-16/7.5-12.3, 

and >16/>12.3 respectively.33 

Pathologic changes in these patients are like PARDS from other causes with initial diffuse 

alveolar damage and fibrosis with disease progression. Differences have been noted in adults 

between ARDS from COVID-19 as compared to ARDS from other causes including phenotypic 

subtypes such as ‘Type L’, characterized by low elastance with preserved compliance and ‘Type 
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H’, characterized by high elastance with low compliance, and increased association with 

thrombosis.34 Studies in children have not shown significant differences in compliance between 

PARDS from COVID-19 and other causes. 

Management: 

I: General principles of management: 

Management of COVID-19 associated acute respiratory failure is outlined in figure 5.  The 

principles of management and end goals of respiratory therapy are the same as for other causes 

of acute respiratory failure in children.33,35,36 Patients who have SpO2 < 90% will need 

supplemental oxygen, non-invasive ventilation or intubation and mechanical ventilation based on 

severity.  Intubation protocols with special precautions for patients with COVID-19 should be 

developed based on resources available.37,38 Ventilator strategies as outlined in figure 5 will help 

in the management of COVID-19 PARDS and ARDSNet protocols for PEEP/FiO2 may be 

followed. In a retrospective study in children prior to the COVID-19 pandemic, use of lower 

PEEP relative to FiO2 than what is recommended by the ARDSNet model resulted in higher 

mortality.38-40 In addition to recommendations in figure 5, intravascular volume expansion 

should be avoided in patients without hypotension.  Adequate mean arterial pressure should be 

maintained, and inotropic support provided as needed, and nutritional support must be 

adequate.38,41 Patients who have refractory hypoxemia may need treatment such as inhaled nitric 

oxide, high-frequency oscillatory ventilation, or extracorporeal membrane oxygenation (ECMO) 

as recommended in the management of PARDS from other causes.  

II: COVID-19 specific management:   

1. Rapid spread of infection from SARS-CoV-2 can occur during various aerosol generating 

procedures (AGP). Appropriate personal protection equipment (PPE) should be used by all staff 
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and visitors. Special precautions should be taken to minimize spread during AGP such as 

coughing and sneezing, use of non-invasive ventilation including HFNC, bag-mask ventilation, 

intubation, tracheal suction, planned or accidental extubation, chest physiotherapy, 

cardiopulmonary resuscitation, and use of nebulized medications outside of a closed circuit.38 

2. Antiviral therapy: Remdesivir is an antiviral medication that is an inhibitor of the SARS-CoV-

2 RNA-dependent RNA polymerase (RdRp), which is essential for viral replication. Remdesivir 

is approved by the Food and Drug Administration (FDA) for treatment of patients > 12 years old 

hospitalized with COVID-19, who weigh ≥ 40 kg, and is FDA authorized via EUA for use in 

hospitalized patients < 12 years of age or weigh between 3.5 to <40kg.42,43 In neonates <3.5 kg, 

use should be directed by recommendations from infectious disease consultants upon weighing 

the risks versus benefits. Intravenous remdesivir is most beneficial if used early in the course of 

illness (<10 days) and has been shown to reduce symptom duration in adults but does not appear 

to reduce mortality. There are few studies in children, but remdesivir appears to be well 

tolerated.44,45 Lyophilized powder formulation should be used in children <40 kg as it contains 

half the amount of sulfobutylether-β-cyclodextrin sodium salt, an excipient in remdesivir which 

is cleared through the kidneys and can accumulate in patients with decreased renal function. 

Children weighing ≥3.5 kg and <40kg should receive a loading dose of 5 mg/kg on day one 

followed by 2.5 mg/kg/dose once daily. For those >40 kg, a loading dose of 200 mg is 

recommended on day one followed by 100 mg daily. Duration of therapy is five days or until 

hospital discharge, whichever is earlier, and ten days for those who require mechanical 

ventilation or ECMO. Laboratory monitoring during remdesivir therapy should include CBC, 

CMP, PT/INR at baseline, day five of therapy, and more often if there is concern for toxicity. 

Common adverse reactions to remdesivir include reversible transaminase elevations and 
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hypersensitivity reactions.  Bradycardia and hypotension have been reported in adults but may 

have been related to concomitant use of other medications.46 Contraindications to its use are 

hypersensitivity to remdesivir or any component of the formulation. Remdesivir is not 

recommended in children older than 28 days with estimated glomerular filtration rate 

<30 mL/min, and in full-term neonates with serum creatinine level 1 mg/dL or greater and should 

be used with caution in those with baseline alanine transaminase (ALT) levels more than 5 times 

the upper limit of normal. Transaminases might be elevated due to COVID-19 and if remdesivir 

is used it should be discontinued if ALT levels increase to more than 10 times the upper limit of 

normal or if ALT elevation is accompanied by signs or symptoms of liver inflammation. Dose 

adjustments will be needed for those on ECMO or renal replacement therapy (RRT) because of 

interactions between remdesivir and the circuits which can cause significant changes in 

pharmacokinetics of the drug.  

3. Anti-inflammatory therapy: Dexamethasone is recommended for hospitalized children with  

COVID-19 who require high-flow oxygen, noninvasive ventilation, invasive mechanical 

ventilation, or ECMO.47 The dexamethasone dosing regimen for children is 0.15 mg/kg/dose 

(maximum dose 6 mg) once daily for up to ten days.  Steroids should be used with caution as 

there are reports of increased mortality and decreased viral clearance with certain viral infections 

and development of neuropathy and myopathy in critically ill patients.  However, dexamethasone 

significantly reduces mortality in adult patients with COVID-19 who require mechanical 

ventilation and is recommended for treatment of children with severe acute COVID-19 

disease.48-50 Patients with exacerbation of asthma with COVID-19 should receive 

methylprednisolone and those with adrenal insufficiency and catecholamine resistant refractory 

shock should receive hydrocortisone in doses recommended for such conditions. 
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4. Immunomodulator therapy:  IL-1 receptor antagonist like anakinra should be considered in 

children for whom corticosteroids is contraindicated, are refractory to corticosteroids or have 

severe acute COVID-19 causing ARDS, shock, or signs of significant hyperinflammation.50 

Dosing guidelines as mentioned in the MIS-C treatment section may be followed.  

3. Other specific treatments such as monoclonal antibodies, convalescent plasma, and IL-6 

inhibitors are not recommended in critically ill children.50 

Sepsis And Septic Shock 

Manifestations are like those resulting from other infections and recommendations of the ‘‘2020 

Surviving Sepsis Campaign’ should be followed.51 

Acute Kidney Injury (AKI) 

Presentation and management are the same as for any critically ill patient developing AKI.  The 

hypercoagulable state in COVID-19 can cause clotting of filters used in RRT and can be 

prevented with the addition of prefilter heparin and/or citrate.52 

Neurological Complications 

Meningitis, encephalitis, acute disseminated encephalomyelitis, Guillain-Barre syndrome, 

myositis, acute necrotizing hemorrhagic encephalopathy, seizures, and cerebrovascular disease 

from hypercoagulable state have all been reported in severe acute COVID-19.53 Diagnosis and 

management are the same as when these complications arise from other causes. 

Hypercoagulable State 

COVID-19 induces a prothrombotic state from hyper-activation of the inflammatory and 

hemostatic pathways.54 Thrombotic complications in adults with COVID-19 is well recognized 

but are rare in children with COVID-19 and when it occurs, is usually in the lungs.55 Serum D-

dimer levels are used to assess for hypercoagulation and a daily screen of D-dimer, PT, and 
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platelet count is recommended.38 When not contraindicated, pharmacologic thromboprophylaxis 

combined with mechanical thromboprophylaxis with sequential compression devices are 

recommended. Anticoagulant thromboprophylaxis with low molecular weight heparin is 

recommended in patients who have elevated D-dimer levels or clinical risk factors for venous 

thromboembolism. Children who are at high risk for venous thromboembolism include those 

who are critically ill, with a history of thromboembolism, or those who have increased 

inflammatory markers (CRP>150 mg/l, D-dimer >1500 ng/ml, IL-6 >100pg/ml, ferritin >500 

ng/ml), and should be treated with subcutaneous low molecular weight heparin (< 2months: 

1.5mg/kg/dose every 12 hours; > 2 months: 1mg/kg/dose every 12 hours) to achieve Anti-Xa 

factor levels of 0.5-1 IU/mL.56 Children who are clinically unstable or have severe renal 

impairment should receive continuous intravenous infusion of unfractionated heparin as 

anticoagulant thromboprophylaxis using pediatric heparin nomogram to guide therapy.57,58 

Myocarditis 

Patients with MIS-C commonly have myocarditis, and occasionally, in severe acute COVID-

19.  Presentation and management are the same as that for myocarditis from other infections.  

 

Clinics Care Points 

 Pathophysiology and diagnosis of PARDS from COVID-19 is the same as PARDS from other 

causes. 

 Intensivists must be familiar with additional precautions to be taken during intubation and 

aerosol generating procedures. 

 Intensivists should know ventilator strategies, and therapies used specifically in COVID -19 

acute respiratory failure including antiviral, anti-inflammatory, and immunomodulator therapies. 
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 Multiorgan dysfunction and failure from severe acute COVID-19 should be recognized and 

treated. 

 COVID-19 induces a prothrombotic state and thrombotic complications in severe acute 

COVID-19 should be diagnosed and treated and thromboprophylaxis instituted in children at 

high risk for venous thromboembolism.  

 A multi-disciplinary approach should be instituted to minimize spread of the virus within 

critical care units while still providing excellent patient care.  

 

COVID-19 ASSOCIATED MIS-C 

The diagnosis of MIS-C is usually made weeks after a child is infected with SARS-CoV-2 and 

almost all patients are positive for SARS-CoV-2 either by RT-PCR, SARS-CoV-2 antibody 

testing or both, while the rest have a history of contact with someone with COVID-19.59-61 The 

CDC, World Health Organization (WHO) and Royal College of Paediatrics and Child Health 

(RCPCH) provided a definition of  MIS-C from SARS-CoV-2 infection.62-64 All three definitions 

have many similarities but the CDC definition is the most widely used in North America.   

DEFINITION: 

CDC definition of MIS-C: 

 An individual <21 years presenting with fever*, laboratory evidence of inflammation**, 

and evidence of clinically severe illness requiring hospitalization, with multisystem (>2) 

organ involvement (cardiac, renal, respiratory, hematologic, gastrointestinal, 

dermatologic, or neurological); and 

 No alternative plausible diagnoses; and 
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 Positive for current or recent SARS-CoV-2 infection by RT-PCR, serology, or antigen 

test; or exposure to a suspected or confirmed COVID-19 case within the four weeks prior 

to the onset of symptoms. 

*Fever >38.0°C for ≥24 hours, or report of subjective fever lasting ≥24 hours. 

**Including, but not limited to, one or more of the following: an elevated CRP, ESR, fibrinogen, 

procalcitonin, d-dimer, ferritin, LDH, or IL-6, elevated neutrophils, reduced lymphocytes, and 

low albumin. 

The CDC suggests that some individuals may fulfill full or partial criteria for Kawasaki disease 

(KD) but should be reported if they meet the case definition for MIS-C and to consider MIS-C in 

any child who dies with evidence of SARS-CoV-2 infection. 

CLINICAL FEATURES: 

Patients with MIS-C usually present with persistent fever, cardiorespiratory and gastrointestinal 

symptoms, mucocutaneous lesions, and in severe cases, hypotension, and shock. Cardiac, 

cardiorespiratory, and gastrointestinal complications are the most common reasons for PICU 

admission. Belay and colleagues reported illness involving at least four organ systems in almost 

90% of cases in a cohort of 1,733 patients.60 Children with MIS-C have required intensive care 

more than severe acute COVID-19 and intensivists should be cognizant of the similarities and 

differences between MIS-C and severe acute COVID-19.60,61,65 Children with MIS-C are often 

male and previously healthy, while severe acute COVID-19 is more common in children with 

existing risk factors with no gender predilection. Large studies from US and UK have shown that 

MIS-C and severe acute COVID-19 are both more common in African American, Hispanic, and 

Asian children compared with white children.  Mortality in hospitalized children is <2%.60,61,66,67 

Differences have been observed between the occurrence of MIS-C and severe acute COVID-19 
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among various age groups. Severe acute COVID -19 rates are higher in children 0-5 years and 

13-20 years of age while MIS-C is higher in the 6–12-year age group.61 MIS-C has been 

associated with more severe outcomes in children older than 5 years while severe acute COVID-

19 is associated with worse outcomes in children < 1 year of age.68,69  Higher values of D-dimer, 

CRP, ferritin, lower platelet and absolute lymphocyte count have been shown to be predictive of 

severe MIS-C. Higher neutrophil to lymphocyte ratio, higher CRP, and lower platelet count have 

been observed in MIS-C compared to COVID-19.61 Mucocutaneous signs and symptoms on 

presentation are seen in almost two-thirds of patients with MIS-C, but only in 10% of patients 

with COVID-19.61 

Abdominal pain and vomiting can occur in sixty percent of patients with MIS-C and of such 

severity as to be mistaken for acute appendicitis.60 The possibility of MIS-C coexisting with 

acute appendicitis should  be considered.70,71 Patients with severe acute COVID-19 can present 

with gastrointestinal symptoms but usually not as severe as that seen in patients with MIS-C. 

Feldstein and colleagues reported gastrointestinal symptoms on presentation in ninety percent of 

patients with MIS-C compared to fifty eight per cent of patients with severe acute COVID-19.61 

Abdominal imaging in patients with MIS-C have demonstrated inflammation including 

mesenteric adenopathy, mesenteric edema, ascites, bowel wall thickening and gallbladder wall 

thickening (Fig.6). 

Cardiorespiratory involvement, and the need for vasoactive agents were observed in fifty six 

percent, sixty seven percent, and forty five percent respectively in patients with MIS-C compared 

to nine, twelve, and nine percent respectively in patients with severe acute COVID-19 in a case 

series of 1,116 patients studied by Feldstein et al.61 Belay and colleagues reported hypotension 

(51%), shock (37%), cardiac dysfunction (31%), and myocarditis (17%) in the largest cohort of 
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patients with MIS-C reported thus far.60 Mucocutaneous lesions and conjunctival injection and 

laboratory markers of BNP and IL-6 were associated with coronary artery abnormalities.61,68 The 

incidence of coronary artery dilation and aneurysms (CAA) in MIS-C is four to twenty four 

percent.60,61,72-74 In patients with KD, the risk of coronary artery thrombosis is directly related to 

size of CAA and increases exponentially above a z-score of 10.75,76 Depressed left ventricular 

function (LV) has been noted in a third of patients.60,61 Similar to patients with other causes of 

poor cardiac function, children with MIS-C or severe acute COVID-19 with LV dysfunction are 

at risk for intracardiac thrombosis.77 Knowledge of duration of persistence of abnormalities in 

inflammatory markers, troponin, D-dimer, LV dysfunction, and CAA is limited because of lack 

of consistent follow-up protocols and patient compliance. In the small number of children seen in 

follow-up so far, most of the abnormalities return to normal.61,78  

Respiratory complications in MIS-C can be like those seen in severe acute COVID-19 with some 

differences. Lower respiratory infection was reported in seventeen percent of patients with MIS-

C compared to thirty six percent of patients with severe acute COVID-19.  Severe respiratory 

disease without cardiovascular involvement was observed in twenty four percent of MIS-C 

compared to seventy one percent of patients with severe acute COVID-19 in the study by 

Feldstein et al.61 However patients with MIS-C had a greater need for noninvasive and invasive 

ventilation (36% and 18%) compared to those with severe acute COVID-19 (33% and 15%). 

This may be related to higher prevalence of cardiorespiratory complications in patients with 

MIS-C. Radiographic abnormalities in MIS-C with cardiorespiratory complications include 

pleural effusions, bilateral pulmonary consolidation with lower zone predominance (Fig.7,8).  

Pleural effusions are rarely reported in patients with severe acute COVID-19.79 Depressed 

myocardial function, shock, need for aggressive intravascular volume expansion, severe systemic 
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inflammation, and hypoalbuminemia are seen more often in patients with MIS-C compared to 

those with severe acute COVID-19, likely contributing to third spacing and pleural effusion in 

patients with MIS-C.  

DIAGNOSIS:  

The diagnostic pathway for MIS-C recommended by the American College of Rheumatology is 

a clinically useful tool.50 The tier 1 and tier 2 evaluations shown in figure 9 are a comprehensive 

list of tests for evaluation of MIS-C.  Recommendations for laboratory studies for patients in the 

ICU include daily CBC, basic metabolic panel, and D-dimer, troponin every six hours, and BNP 

every forty-eight hours and adjusted in frequency based on clinical condition.  Recommendations 

for monitoring of cardiac complications in MIS-C in addition to those listed in tier 2 include the 

following: 1. EKG every forty-eight hours in hospitalized patients or more frequently for those 

with conduction abnormalities and again at follow-up. 2. Echocardiogram repeated one to two 

weeks and four to six weeks after initial presentation. Patients with LV dysfunction and coronary 

artery aneurysm require more frequent echocardiography. 3. Cardiac MRI two to six months 

after the acute illness to assess for myocardial fibrosis and scarring.  

Patients who do not meet all the criteria for diagnosis of MIS-C should be evaluated for diseases 

with similar presentations, such as KD, toxic shock syndrome or hemophagocytic 

lymphohistiocytosis.   

MANAGEMENT: 

Treatment should be directed at supportive care of multi-organ dysfunction and mitigation of the 

underlying inflammatory process. The treatment of MIS-C as recommended by the American 

College of Rheumatology is outlined in figure 10.50   

Additional treatment guidelines:  
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1. Initial treatment with IVIG and glucocorticoids is associated with lower risk of left 

ventricular dysfunction, shock, and decreased need for adjunctive therapy than with IVIG 

alone.80  

2. Anakinra 1-2mg/kg/d should be considered in patients in whom corticosteroids are 

contraindicated.  

3. High dose anakinra, > 4mg/kg/d is recommended for those refractory to treatment with 

IVIG with or without steroids. In some cases, anakinra as high as 10 mg/kg/day (max 100 

mg/ dose) through subcutaneous or intravenous routes divided every six to twelve hours 

may be needed. If the patient does not show improvement with this regimen, the 

diagnosis of MIS-C should be reconsidered. 

4. If used, immunomodulation therapy should be tapered over 2-3 weeks or longer to avoid 

rebound inflammation.  

5. Antiplatelet and antithrombotic therapy with low dose aspirin (3-5mg/kg/d up to 81mg/d) 

is recommended in all patients with MIS-C if they do not have uncontrolled bleeding or 

risk for bleeding. Aspirin therapy should be continued until normalization of platelet 

count and normal coronary arteries are confirmed at > 4 weeks after diagnosis. 

6. Anticoagulation with enoxaparin to achieve anti-factor Xa level of 0.5-1 or warfarin with 

INR level of 2 to 3 is recommended in patients with coronary artery Z-score greater than 

10 and in those with moderate or severe LV dysfunction with ejection fraction <35%.  

7. Empiric antibiotics should be used in all patients with severe MIS-C until cultures are 

negative for forty-eight hours or as directed by infectious disease consultants. Ceftriaxone 

may be used alone or in combination with metronidazole for possible appendicitis or 

vancomycin/clindamycin for those with possible toxic shock syndrome.  
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8. Stress ulcer prophylaxis is recommended in patients receiving aspirin and or steroids. 

9. Consultation with infectious disease, immunology and cardiology subspecialists is 

recommended for all patients. Hematologists and endocrinologists may also be needed to 

guide anticoagulation and steroid management.  

 

MIS-C AND KAWASAKI DISEASE (KD) 

MIS-C may be especially difficult to differentiate from KD despite well-established diagnostic 

criteria.62,81 The following are differences between MIS-C and KD:  

1. MIS-C is common among black and Hispanic children while incidence of KD is highest in 

children of Asian descent.  

2. MIS-C is reported in children from three months to twenty years with those older than five 

years more severely affected while KD is usually seen in children less than five years of age. 

3. Patients with MIS-C frequently need PICU admission while patients with KD rarely do. 

4. Increased serum ferritin, leukopenia, lymphopenia, and thrombocytopenia are common in 

MIS-C. Thrombocytosis is a characteristic feature of KD.  

5.  Myocarditis, LV cardiac dysfunction, shock, the need for intravascular fluid expansion, and 

vasopressor/inotropic support is more common in MIS-C. 

6.  Coronary artery dilatations and aneurysms are reported in four to twenty four percent of 

children with MIS-C. The progression and long-term sequelae are not known at this time. In the 

pre–IVIG era, CAA occurred in twenty-to-twenty five percent of children with KD.82 With IVIG 

therapy, persistent CAAs are much less but still noted in four percent to six percent of patients, 

with approximately one percent who develop giant CAA despite treatment.83,84 
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7.  Respiratory and cardiorespiratory complications requiring non-invasive or invasive 

ventilation are more common in children with MIS-C.  

8.  Gastrointestinal, and neurological complications and coagulopathy are more common in MIS-

C. 

9. IVIG and moderate-high dose aspirin are established recommended treatment for KD.85 In 

addition to IVIG and aspirin, steroids and biological drugs are frequently used in patients with 

MIS-C.50 

10. Most children with KD have a good prognosis while the long-term clinical outcomes of MIS-

C are not clear. 

Clinics Care Points 

 Intensivists should be familiar with the CDC definition of MIS-C and various clinical 

presentations of MIS-C. 

 Intensivists should know the differences in clinical manifestations of severe acute COVID-19 

and MIS-C. 

 Algorithms for diagnosis and management of MIS-C should be followed. 

 Intensivists should be aware of the cardiorespiratory, cardiac, and gastrointestinal 

complications of MIS-C, their presentation, and management. 

 Intensivists should be familiar with the differential diagnosis for MIS-C and especially its 

differentiation from Kawasaki disease.  

 

UNIQUE PICU CARE ISSUES RELATED TO THE PANDEMIC 

The SARS-CoV-2 pandemic has demanded unprecedented and rapid adaptation of all personnel 

involved in the care of critically ill children. Surges of this pandemic which caused acute 
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shortage of ICU beds worldwide resulted in many PICU teams providing care for adults with 

COVID-19 in addition to children with severe acute COVID-19.86,87 Hospitals must develop 

protocols for implementation in their critical care units based on their needs and resources with 

emphasis on minimizing the spread of virus while still providing excellent patient care.   

The following recommendations can help PICUs during the current pandemic and future 

infection outbreaks:88 

1. Monitoring: Monitoring patients from outside the room while having a direct line of sight 

might require installation of windows or glass doors.  

2. Nursing care: Moving intravenous pumps outside of patient rooms while paying attention to 

the possibilities of inadvertent dislodgement of catheters, increased risk of central line-associated 

bloodstream infection and inability of nurses to hear pump alarms when they are inside the 

patient rooms with PPE. Reduction, or grouping of blood sampling as much as possible. 

3. Respiratory care: Coordination of team members to minimize entry into rooms, address 

measures to decrease aerosol generation, set appropriate ventilator alarm limits, change 

ventilator circuits or filters as needed rather than by protocol, and use of metered dose inhalers 

instead of nebulizers when possible. Consider vibrating mesh nebulizer rather than in-line gas-

driven nebulizer when nebulized medication must be given. Prone positioning teams and 

protocols should be in place to safely place patients in the prone position while addressing 

possible dislodgement of tubes and catheters and development of pressure ulcers. 

4. Pharmacy: Critical care pharmacists can help with development of specific management 

guidelines as treatments evolve during the pandemic and help with measures to reduce the 

number of times a nurse must enter patient rooms for medication administration.  
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 5. Structure related: Zones and protocols should be developed for donning and doffing PPE. A 

protocol should be developed for room cleaning and disinfection with approved disinfectants 

while ensuring safety of environmental service workers. 

6.  Patient communication: Social workers, child-life specialists, patient representatives, and 

pastoral care providers can be enlisted along with use of audio or video communication to help 

facilitate communication with family members during pandemic-induced restricted visiting.  

7.  Mental health issues of all team members should be addressed. Posttraumatic stress (PTS) has 

been noted to be high among pediatric critical care physicians in association with various 

COVID-19 patient care experiences. These observations along with association of PTS with 

thoughts of quitting the profession because of the pandemic could have implications for the 

workforce in the future.89 

 

PUBLIC HEALTH CONCERNS FOR CHILDREN 

1. Mental Health: The mental health crisis facing children was substantial even prior to the 

pandemic. The significant pressures on families, schools, and communities resulting from the 

pandemic have made the situation worse. Children’s hospitals are feeling the considerable 

burden of this crisis every day. Emergency Rooms are filled to capacity, and staff is at the 

breaking point. According to the Kaiser Family Foundation, there have been marked increases in 

suicidal ideations, anxiety disorders, OCD diagnosis, and substance abuse in children.90 

Significant efforts and resources are needed to address the mental health crisis in children. 

2. The fragility of the medical home and health system: Children are best served in a 

coordinated, fully staffed medical home. Care is coordinated, and the most medically fragile 

children receive timely and coordinated care. The pandemic, however, has had a negative impact 
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on America’s pediatric practices. In a recent survey by the American Academy of Pediatrics, 

two-thirds of practices have experienced a significant decrease in visits.91  This has both public 

health impact (delays in vaccines, late diagnosis) and a negative fiscal impact on the long-term 

survival of the medical home. 
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Fig. 4. Chest radiograph of infant with bronchopulmonary dysplasia who developed COVID-19 

ARDS showing bilateral ground glass opacities. 

 

Jo
urn

al 
Pre-

pro
of



Fig. 5. Management of acute respiratory failure in severe COVID-19.  

Abbreviations: SpO2, oxygen saturation by pulse oximetry; NIV, non-invasive ventilation; 

HFNC, high-flow nasal cannula; CPAP, continuous positive airway pressure; BiPAP, bilevel 

positive airway pressure; FiO2, fraction of inspired oxygen; PPE, personal protective equipment; 

PAPR, powered air purifying respirator; LMA, laryngeal mask airway; HEPA, high-efficiency 

particulate air filter; RSI, rapid sequence intubation; ETT, endotracheal tube; POCUS, point-of-

care ultrasound; PEEP, positive end-expiratory pressure; ARDS, acute respiratory distress 

syndrome; Pplat, plateau pressure; PaO2, arterial partial pressure of oxygen; OI, oxygenation 

index; OSI, oxygenation saturation index. 
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Fig. 6. Abdominal CT of 11-year-old black male with MIS-C who presented with fever, 

mucocutaneous symptoms, severe abdominal pain, vomiting, and CoV-2 Ab Ig G +.  Bowel wall 

thickening of ascending colon (black arrow) with several enlarged lymph nodes (white arrow).  
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Fig.7. Chest radiographs of a 5-year-old Hispanic male with MIS-C who presented with fever, 

cardiorespiratory, mucocutaneous, and abdominal symptoms; hypoalbuminemia; positive for 

SARS-CoV-2 RT-PCR and CoV-2 Ig G antibody. 

(A) On presentation when he had moderately decreased left ventricular systolic function and 

required BiPAP.  

(B) Three days after presentation with normal biventricular systolic function and resolution of 

respiratory symptoms, hypoalbuminemia, and fever. 
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Fig. 8. Chest CT of an 18-year-old black male with MIS-C who presented with fever, shock with 

LV dysfunction requiring inotropic/vasoactive medication, pneumonia, mucocutaneous 

symptoms, hypoalbuminemia, CoV-2 Ab Ig G +, requiring BiPAP with pleural effusion (black 

arrow) and bilateral lower lobe consolidation (white arrow). 
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Fig. 9. (with permission from Henderson LA, et al.  Arthritis & Rheumatology, Volume: 73, 

Issue: 4, Pages: e13-e29, First published: 05 December 2020, DOI: (10.1002/art.41616). 

Diagnostic pathway for multisystem inflammatory syndrome in children (MIS‐ C). Moderate‐
to‐ high consensus was reached by the Task Force in the development of this diagnostic pathway 

for MIS‐ C associated with severe acute respiratory syndrome coronavirus 2 (SARS–CoV‐ 2).  

1An epidemiologic link to SARS–CoV‐ 2 infection is defined as a child with any of the 

following criteria: positive for SARS–CoV‐ 2 by polymerase chain reaction (PCR), positive for 

SARS–CoV‐ 2 by serology, preceding illness resembling coronavirus disease 2019 (COVID‐
19), or close contact with an individual with confirmed or suspected COVID‐ 19 in the past 4 

weeks. 2Suggestive clinical features include rash (polymorphic, maculopapular, or petechial, but 

not vesicular), gastrointestinal symptoms (diarrhea, abdominal pain, or vomiting), oral mucosal 

changes (red and/or cracked lips, strawberry tongue, or erythema of the oropharyngeal mucosa), 

conjunctivitis (bilateral conjunctival infection without exudate), and neurologic symptoms 

(altered mental status, encephalopathy, focal neurologic deficits, meningismus, or papilledema). 
3The complete metabolic panel (CMP) includes measurement of sodium, potassium, carbon 

dioxide, chloride, blood urea nitrogen, creatinine, glucose, calcium, albumin, total protein, 

aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, and bilirubin. 
4Procalcitonin, cytokine panel, and blood smear test results should be sent, if available. 
5Serologic test results should be sent if not sent in tier 1 evaluation, and if possible, SARS–

CoV‐ 2 IgG, IgM, and IgA test results should be sent.  

Abbreviations: CRP, C‐ reactive protein; ESR, erythrocyte sedimentation rate; ALC, absolute 

lymphocyte count; CBC, complete blood cell count; BNP, B‐ type natriuretic peptide; PT, 

prothrombin time; PTT, partial thromboplastin time; LDH, lactate dehydrogenase; u/a, 

urinalysis; EKG, electrocardiogram. 
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Fig. 10. (with permission from Henderson LA et al. Arthritis & Rheumatology, Volume: 73, 

Issue: 4, Pages: e13-e29, First published: 05 December 2020, DOI:10.1002/art.41616). 

Algorithm for initial immunomodulatory treatment of multisystem inflammatory syndrome in 

children (MIS‐ C). Moderate‐ to‐ high consensus was reached by the Task Force in the 

development of this treatment algorithm for MIS‐ C associated with severe acute respiratory 

syndrome coronavirus 2.  

1Intravenous immunoglobulin (IVIG) dosing is 2 gm/kg based on ideal body weight. Cardiac 

function and fluid status should be assessed before IVIG is given. In some patients with cardiac 

dysfunction, IVIG may be given in divided doses (1 gm/kg daily over 2 days). 
2Methylprednisolone or another steroid at equivalent dosing may be used. 3Refractory disease is 

defined as persistent fevers and/or ongoing and significant end‐ organ involvement. 4Low‐ to‐
moderate–dose glucocorticoids (methylprednisolone 1–2 mg/kg/day) may be considered for 

first‐ line therapy in some MIS‐ C patients with concerning features (ill appearance, highly 

elevated B‐ type natriuretic peptide levels, unexplained tachycardia) who have not yet developed 

shock or organ‐ threatening disease. 5If the patient was given low‐ to‐ moderate–dose 

glucocorticoids as first‐ line therapy, methylprednisolone IV dosing should be 10–30 mg/kg/day 

for intensification treatment. 
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Fig. 1. Characteristics of children with COVID-19. 
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R., Petershack, M., & Moreira, A. (2020). COVID-19 in 7780 pediatric patients: A systematic  

review. EClinicalMedicine, 24, 100433. https://doi.org/10.1016/j.eclinm.2020.100433  
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Fig. 2. Characteristics of children with COVID-19. 
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Fig. 3. Summary of children with positive COVID-19 test (Denver, Colorado). 
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