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Direct Organ and Tissue Effects of Infection 
with SARS-CoV-2



Phases of Illness/Therapies

Modified from Dolken 
et al., Viruses, 2021

Antivirals: 
<5 days 

Immune modulators: > 5 days

Must TEST to know which 
therapy!



Mechanisms of COVID-19 Respiratory Failure

Matthay, AJRCCM, 2020



Practical Approach to Dealing With So Many 
New Therapies

• Have trusted sources
• Know how to access the key information quickly
• Apply principles of treatment 

• Test early for symptoms
• Antivirals early, Immunomodulators later
• Therapeutic choices also vary by illness severity
• Support organ systems and optimize comorbid diseases
• Low threshold to treat elderly, immunocompromised and other high-risk 

groups



WHO Provides Up-to-date Guidance

https://www.who.int/publications/i/item/WHO-2019-nCoV-
therapeutics-2022.2

*No one group always right, but reasonable to stick with 
credible source or your institutional guidelines



FDA Fact Sheets Are 
Very Helpful for 

Prescribing Unfamiliar 
Drugs



Symptoms, Lung Function, and Structural Lung 
Abnormalities Following COVID-19



36% have persistent Dyspnea at 100 days

• 145 patients
• Followed 

prospectively
• V1 = 60 days
• V2 = 100 days

Sonnweber, et al., ERJ, 2021.



Ground glass and reticulations are most 
common persistent CT findings

Sonnweber, et al., ERJ, 2021.



Mild

Moderate

Severe

Sonnweber, et al., ERJ, 2021.

COVID pneumonia in 56 year old 
male
Red are areas of consolidation

Acute                  60 days                  100 days

Radiographic abnormalities can vary in 
severity and time to resolution



CT abnormalities after COVID-19 depend on 
severity of acute illness

Sonnweber, et al., ERJ, 2021.



COVID-19 associated with small airways 
disease

Cho, et al., Radiology, 2022.



Peak Exercise Capacity 
Limited

At ~1 year

Singh et al.,Chest, 2022



Asthma patients during the pandemic



Asthma exacerbations decreased in 2020

in exacerbations. Similarly, nonhypertensive patients (more likely
to be H/L) also had a greater reduction.

This is the first study to assess AEX before and after the
COVID-19 pandemic using data that are unlikely to be
affected by health care system avoidance. Previous studies have
reported reduced hospital and emergency presentations for
asthma and were unable to differentiate changes in health-
seeking behavior versus true reductions in in the occurrence
of episodes of asthma. Thus, it is possible that the prior reports
of reduced exacerbations reflect this reluctance to initiate face-
to-face provider contact. Because the present data include ex-
acerbations that did not necessarily require health care facility
interaction and are entirely reported remotely, they suggest a
true reduction in the totality of AEX following the pandemic.
Importantly, the magnitude of this reduction is substantial,
with an effect similar to that seen with biologic therapies for
severe asthma.5,6

Potential explanations for the observed decreases in AEX may
include decreased exposure to environmental and occupational
factors, reduced respiratory infections, and/or changes in stress.
Previous reports have highlighted that allergen exposure and viral
pathogens may account for greater than half of total AEXs.7

Consistent with this hypothesis, decreases in AEX were greatest
(65%) in those who reported working outside of the home on
entry to the study and may relate to reduced environmental
exposures or viral exposure through person-to-person contact
that may be greater in those working outside the home, which

may have been reduced by subsequent relocation of the work
environment. However, it is unlikely that changes in workplace
location alone accounts for the dramatic reduction because
occupational exposures account for between 9% and 15% of
asthma cases.8,9 The additional finding of greater reduction in
individuals with low type 2 inflammation suggested that viral
and/or occupational precipitants may be more important con-
tributors to exacerbation in those individuals than in individuals
with intrinsic type 2 inflammation.

Becausee we only studied AA/B and H/L patients, it is
possible that our results do not generalize to the entire popula-
tion. Although the magnitude of effect might be different in
other racial or ethnic groups, much of the basic biology of
asthma is common to all populations. Although half of our
population received usual asthma care plus as-needed ICS, we do
not believe that this significantly alters the impact of our findings
because international guidelines recommend some form of as-
needed ICS in addition to usual care for patients enrolled in
our study. Workplace location details were collected at baseline,
and therefore, it is possible that employment change as a result of
the pandemic may have also influenced the observed decreases.

In summary, we show that total AEXs decreased by greater
than 40% coincident with the onset of the COVID-19
pandemic. Reductions in exacerbation were greatest in in-
dividuals who were working outside of the home and in those
without type 2 inflammation. This effect may be related to
social-distancing and occupational changes and unlikely to be

FIGURE 1. AEX rate comparing Q1 with Q2 rates for 2019 and 2020. Lines represent quarterly mean AEX; monthly AEX rates are
represented by red (2020) and blue (2019) dots.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 9, NUMBER 7

CLINICAL COMMUNICATIONS 2897

Salccicioli et al., JACI Pract 2021

• Exacerbations likely 
related to viruses

• Many exacerbations 
are preventable



Asthma patients are not more susceptible

• Lockdown measures may have confounded several studies
• Varying literature with respect to SARS-CoV-2 susceptibility and disease 

severity 
• Several studies show worsening asthma control in a subset of patients
• Asthma effects on COVID severity is still unclear
• COPD a risk factor for COVID severity, so ACO patients may be at risk of severe 

disease

Chou et al, JACI Pract 2022; Kwok et al, Resp Res 2023; Agondi et al, Front Med, 2022



Asthmatics requiring step up therapy are 
more likely to have dyspnea and wheezing

Agondi et al. 10.3389/fmed.2022.882665

FIGURE 2

Comparison of the frequency of acute symptoms of COVID-19 between asthmatics with post-COVID-19 respiratory symptoms and asthmatics

without post-COVID-19 respiratory symptoms. *p < 0.05, *Chi-square test.

FIGURE 3

Frequency of COVID-19 and COVID-19 vaccination in asthmatic patients, and frequency of asthma worsening after COVID-19 (before or

after vaccination).

Frontiers inMedicine 06 frontiersin.org

Agondi et al, Front Med, 2022



Some observations

• Many people have post-viral reactive airway disease
• Poorly controlled asthma patients exacerbate easily when infected 

with SARS-CoV-2
• Those who develop multiple long COVID symptoms tend to have 

longer courses and poorer control
• Deconditioning is important to address in those with prolonged 

periods of poor control – utilize pulmonary rehab or PT if possible.



AAAAI recommendations

• Continue controller medications
• Vaccinate
• Encourage masking/social distancing for severe asthmatics
• Manage according to current guidelines



Some helpful developments in asthma therapy

• Recognition of post-SABA rebound inflammation
• SMART
• Reliever-triggered inhaled glucocorticoid
• Biologics autoinjectors

Particularly helpful as people improve 



SMART

• Single Maintenance and Reliever Therapy (SMART)
• Formoterol – short onset, long-acting, little rebound inflammation
• ICS – budesonide is what is studied. 
• Can prescribe budesonide/formoterol as maintenance and step down 

to PRN
• I use mometasone/formoterol if coverage is an issue



The combination of ICS with salmeterol, which has a slower
onset of action and a flat dose-response curve, should not be used
for SMART therapy. Similarly, combinations of ICS and
ultraelong-acting b2-agonists (eg, indacaterol, vilanterol) should
not be used for a SMART regimen owing to their efficacy-safety
profile and potential accumulation if dosed more frequently.

Can SMART be prescribed with ICS-formoterol as a
reliever and an alternative ICS-LABA as maintenance
therapy?

In patients taking maintenance treatment with ICS-LABA
combinations other than ICS-formoterol (eg, fluticasone
propionate-salmeterol), the use of ICS-formoterol for quick relief is
not recommended by either GINA5 or the 2020 NAEPP Asthma
Update1 because of the lack of evidence for safety or efficacywith this
mixture. In addition, if two different medications are used, patients
may be confused about which inhaler to use for relief.

Is SMART with ICS-formoterol safe?
The 2020 NAEPP Asthma Update advises that clinicians

should inform patients that studies involving SMART have
found “no difference in documented harms between this type of
therapy and daily ICS-LABA.”1 This conclusion is supported by

a pooled analysis of six randomized double-blind and seven
open-label clinical trials comparing SMART with budesonide-
formoterol with alternative treatment options in steps 3 and
419 and a Cochrane review of 13 trials.3

Who should be considered for SMART treatment?
Candidates for SMART treatment should require mainte-

nance treatment with ICS-LABA (ie, 2020 NAEPP Asthma
Update or GINA 2021 steps 3 or 4). No recognized patient
characteristics exclude patients from consideration for SMART.
Because the main advantage of SMART is the reduction of severe
exacerbations, with the associated reduction in potential cumu-
lative adverse effects of oral corticosteroids,20 SMART is partic-
ularly well-suited to those with a history of asthma exacerbations.
It has not been tested specifically in individuals who are obese or
in pregnant women.

Inwhich patientsmay it be acceptable or preferable to
continue with ICS-LABA plus as-needed SABA
treatment?

Compared with ICS-LABA plus as-needed SABA, SMART
may offer less added benefit for those whose symptoms are well-
controlled, with no exacerbations in the recent past and no risk

My Asthma Action Plan
For Single Inhaler Maintenance
and Reliever Therapy (SMART)
with budesonide/formoterol

Name:

Date:

Usual best PEF:

Action plan provided by:

Doctor:

Doctor’s phone:

Asthma Emergency

• Symptoms getting worse quickly

• Extreme difficulty breathing or speaking

• Little or no improvement from my 
   budesonide/formoterol reliever inhalations.

Signs of an Asthma Emergency:

If I have any of the above danger signs, 
I should dial           for an ambulance and 
say I am having a severe asthma attack.

While I am waiting for the ambulance
start my asthma first aid plan:

• Sit upright and stay calm

• Take 1 inhalation of budesonide/formoterol. 
   Wait 1-3 minutes. If there is no improvement take 
   another inhalation of budesonide/formoterol 
   (up to a maximum of 6 inhalations on a single occasion)

• If only albuterol is available, take 4 puffs 
   as often as needed until help arrives

• Start a course of prednisolone tablets (as directed) 
   while  waiting for the ambulance

• Even if my symptoms appear to settle quickly, 
   I should see my doctor immediately after 
   a serious attack

Asthma Flare-up

If over a Period of 2-3 Days:
• My asthma symptoms are getting worse OR NOT
improving OR

• I am using more than 6 budesonide/formoterol reliever
inhalations a day (if aged 12 years and older)
or more than 4 inhalations a day (if 4–11 years)

   
   

If I need more than 12 budesonide/formoterol
inhalations (total) in any day, (or more than 
8 inhalations for children 4-11 years)
I MUST see my doctor or go to the hospital 
the same day

I should:

Continue to use my regular everyday treatment
PLUS 1 inhalation budesonide/formoterol whenever    

    needed to relieve symptoms

Start a course of prednisolone

Contact my doctor

Course of Prednisolone Tablets:
Take                        mg prednisolone tablets 

per day for               days OR

L/min

My SMART Asthma Treatment is:

Normal mode

budesonide/formoterol 160/4.5 (12 years or over)

budesonide/formoterol  80/4.5 (4-11 years)

My Regular Treatment Every Day:
(Write in or circle the number of doses prescribed for this patient)

Take [1, 2] inhalation(s) in the morning

and [0, 1, 2] inhalation(s) in the evening, every day

Reliever
Use 1 inhalation of budesonide/formoterol
whenever needed for relief of my asthma symptoms

I should always carry my budesonide/formoterol inhaler

Other Instructions

My asthma is stable if:
• I can take part in normal physical activity without 
asthma symptoms

AND

• I do not wake up at night or in the morning 
   because of asthma

(Example of action plan template for budesonide/formoterol. 
A similar action plan could be constructed for other ICS/formoterol formulations, e.g. mometasone/formoterol)

Modified from Australian action plan with permission from National Asthma Council Australia and AstraZeneca Australia

(If used)

_ _ _

FIGURE 1. Example of action plan template for patients using SMARTwith budesonide/formoterol. See Appendix E1 (available in this
article’s Online Repository at www.jaci-inpractice.org) for a customizable version of this action plan. A similar action plan could be
constructed for patients using SMARTwith other inhaled corticosteroids (ICS)-formoterol formulations (eg, mometasone-formoterol).
PEF, peak expiratory flow.
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BACKGROUND
Black and Latinx patients bear a disproportionate burden of asthma. Efforts to 
reduce the disproportionate morbidity have been mostly unsuccessful, and guide-
line recommendations have not been based on studies in these populations.

METHODS
In this pragmatic, open-label trial, we randomly assigned Black and Latinx adults 
with moderate-to-severe asthma to use a patient-activated, reliever-triggered inhaled 
glucocorticoid strategy (beclomethasone dipropionate, 80 µg) plus usual care (inter-
vention) or to continue usual care. Participants had one instructional visit followed 
by 15 monthly questionnaires. The primary end point was the annualized rate of 
severe asthma exacerbations. Secondary end points included monthly asthma con-
trol as measured with the Asthma Control Test (ACT; range, 5 [poor] to 25 [complete 
control]), quality of life as measured with the Asthma Symptom Utility Index (ASUI; 
range, 0 to 1, with lower scores indicating greater impairment), and participant-report-
ed missed days of work, school, or usual activities. Safety was also assessed.

RESULTS
Of 1201 adults (603 Black and 598 Latinx), 600 were assigned to the intervention 
group and 601 to the usual-care group. The annualized rate of severe asthma ex-
acerbations was 0.69 (95% confidence interval [CI], 0.61 to 0.78) in the interven-
tion group and 0.82 (95% CI, 0.73 to 0.92) in the usual-care group (hazard ratio, 
0.85; 95% CI, 0.72 to 0.999; P = 0.048). ACT scores increased by 3.4 points (95% CI, 
3.1 to 3.6) in the intervention group and by 2.5 points (95% CI, 2.3 to 2.8) in the 
usual-care group (difference, 0.9; 95% CI, 0.5 to 1.2); ASUI scores increased by 0.12 
points (95% CI, 0.11 to 0.13) and 0.08 points (95% CI, 0.07 to 0.09), respectively 
(difference, 0.04; 95% CI, 0.02 to 0.05). The annualized rate of missed days was 
13.4 in the intervention group and 16.8 in the usual-care group (rate ratio, 0.80; 
95% CI, 0.67 to 0.95). Serious adverse events occurred in 12.2% of the participants, 
with an even distribution between the groups.

CONCLUSIONS
Among Black and Latinx adults with moderate-to-severe asthma, provision of an 
inhaled glucocorticoid and one-time instruction on its use, added to usual care, led to 
a lower rate of severe asthma exacerbations. (Funded by the Patient-Centered Outcomes 
Research Institute and others; PREPARE ClinicalTrials.gov number, NCT02995733.)

A BS TR AC T

Reliever-Triggered Inhaled Glucocorticoid  
in Black and Latinx Adults with Asthma
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• Moderate-to-severe asthma patients
• SABA + 80 ug beclomethasone (QVAR)
• 1 puff QVAR for each 1 puff SABA
• 5 puffs QVAR for each 1 SABA nebulizer

n engl j med 386;16 nejm.org April 21, 2022 1511

Inhaled Glucocorticoid in Black and Latinx Adults

group. Survey returns did not differ according to 
treatment group (96.2% of the expected periods 
in the intervention group and 96.7% of those in the 
usual-care group).

Adherence to the Intervention
Among participants in the intervention group, 
81.0% reported using inhaled glucocorticoid with 
quick-reliever metered-dose inhalers all or most 
of the time, and 75.7% reported using inhaled 
glucocorticoid with quick-reliever nebulization 
all or most of the time. A total of 50.4% of the 
participants in this group reported using at least 
four of the instructed five puffs of inhaled glu-
cocorticoid per quick-reliever nebulization.

Primary End Point
The annualized rate of severe asthma exacerba-
tions was 0.69 (95% confidence interval [CI], 
0.61 to 0.78) in the intervention group and 0.82 
(95% CI, 0.73 to 0.92) in the usual-care group 
(hazard ratio, 0.85; 95% CI, 0.72 to 0.999; 
P = 0.048) (Table 2). This difference was consis-

tent throughout the duration of the trial (Fig. 1). 
Point estimates from sensitivity analyses of the 
primary end point were consistent with the over-
all finding, although not all the results were 
significant (Table S3). Primary end-point results 
according to trial site are shown in Figure S3. 
The percent of missing data (3%) did not reach 
the prespecified threshold of 5%, so missing-
data analyses were not performed.

Secondary End Points
The strategy in the intervention group led to an 
increase in the ACT scores (minimal clinically 
important difference, 3 points)25 of 3.4 points, as 
compared with an increase of 2.5 points in the 
usual-care group (difference, 0.9 points; 95% CI, 
0.5 to 1.2) (Fig. 2A). The intervention strategy 
also led to an increase in the ASUI score (mini-
mal clinically important difference, 0.09 points)27 
of 0.12 points, as compared with an increase of 
0.08 points in the usual-care group (difference, 
0.04 points; 95% CI, 0.02 to 0.05) (Fig. 2B). Par-
ticipants in the intervention group had 13.4 an-

Figure 1. Mean Cumulative Number of Severe Asthma Exacerbations per Participant over Time, with Adjusted  
Hazard Ratio.

Shown are the mean cumulative numbers of severe asthma exacerbations per participant over time. Participants in 
the intervention group received patient-activated, reliever-triggered inhaled glucocorticoid in addition to usual care. 
Differences in treatment-group hazards were compared with the use of the Andersen–Gill model with adjustment 
for prespecified covariates.
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Biologic auto-injectors

• Home injections easier for some patients
• Available for mepolizumab, benralizumab, dupilumab, tezepelumab, 

omalizumab
• Consider Tezepelumab in those without eosinophilia
• Consider dupilumab particularly in those with eosinophilia and 

asthma-COPD overlap



Take home points

• COVID-19 can affect the airways and have multiple pulmonary and 
extra-pulmonary manifestations
• Many asthma exacerbations are probably linked to viral infections
• Standard maintenance therapy and treatment approaches should be 

applied
• Utilize new approaches which facilitate step down (SMART, SABA + 

ICS)
• Consider exercise programs/pulmonary rehab for prolonged courses 

complicated by deconditioning


