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Learning Objectives

At the completion of this activity, the pharmacist will be able to:

» 1. Recall the common clinical manifestations and
complications from SARS-CoV-2 infection, with a focus
on pediatric patients

» 2. Recognize currenttreatments for COVID-19 and their
effectiveness, with a focus on pediatric patients

» 3. Describe a local health system's experience with
COVID-19 infection, its complications, and local use of
antivirals active against COVID-19 and broad-spectrum
antibiotics
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Presentation Outline

v

Virology and Clinical Manifestations

COVID pharmacotherapy

> Local experience during COVID-19 epidemic
» COVID-19 Antimicrobial stewardship

v
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j Virology and Clinical
Manifestations



Virology of SARS-CoV-2

enveloped (+)ssRNA virus

80% 50%
genetic genetic
similarity similarity

SARS-CoV MERS-CoV SARS-CoV-2
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Virology of SARS-CoV-2

Natural roots Circulation in animal hosts Human to human transmission

Coronavirus

MERS-CoV
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Virology of SARS-CoV-2

Age as major risk factor

L
<10 years <50 years =60 years >68 years
T T

|
COVID-19 cases (percentage of all cases)

Asymptomatic... and mild disease (81%) Critical and deceased (5%)

= ARDS
* Acute cardiac injury
* Multi-organ failure

~5 days ~8 days ~16 days
{1-14) (7-14) (12-20)

* Dyspnea
* Coexisting illness
= |CU needed

Incubation period * Fever, fatigue and dry cough
= Cround-glass opacities
* Pneumonia
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Respiratory droplets

Viral replication in targeted organs

(Lung, Liver, kidney, heart...?)

Systemic viral sepsis

Systemic inflammatory responses

Contact Upper respiratory tract
Fecal-oral? {Nasal cavity and pharynx)
Aerosols?
[Cowerrespiratorytract] Mild viraemia
& Gastrointestinal mucosa Asymptomatic
l V l \
Enhancement ACE2
ADE Overactivation of T cells ' ulation/shedding
Celldamage &
fq}‘ Immune dysfunction | Dysfunctionof the RAS
S
L
G
[Pulmonary vascular
permeability
C/yt;;m'_es storm
Pulmonary edema

Multiple organs damage

ARDS
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Facts about COVID-19

“* While statistically it is true that older people & people with underlying
conditions die more often from COVID-19, many “underlying

conditions” are very common and people often live normal lives for
many decades with many of these chronic conditions.

» CDC list of underlying conditions (independent of age) that
Increase or mightincrease your risk of severe dlsease IS
extensive & includes many common condltlons

> Obesity (42.4% of Americans)

> Diabetes (10.5% of Americans)

> Hypertension (45% of Americans)
» Smoking (14% of Americans)
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https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fgroups-at-higher-risk.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html

COVID-19 symptoms: Not small adults

.9: Children vs. adults

Its (n = 10,944)

MDedoe News

50% 60% 70% 80%

adult cases reported as of April 2.
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Five Clues Why Children Have Reduced Susceptibility to COVID-19
Adults - Children

* * SARS-CoV-2

"~ SARS-CoV-2
infection & replication

O AT T 0 I .' Y W C
-{ Common cold coronaviruses
% Causing cross-immunity

-

Common
coronavirus
infection

Common coronavirus | @
reactive T cells .

, of ACE2
receptors (nasaland alveelad)

number
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Facts about COVID-19 in Children

> Children of all ages can get COVID-19 and numbers
of children who have been infected continue to rise.

» COVID-19in children tends to be very mild; severe
disease can happen but is rare.

» Children can transmit SARS-CoV-2 even If
asymptomatic.

> Evidence does suggest that younger children

(particularly <5 years old) are not as likely to get
Infected or transmit the virus.

Changing What’s Possible MUSCkids.org
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https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html

Long-Term Effects of COVID-19

> Most people recover completely from COVID-19
within a few weeks.

> But some people continue to have symptoms for
weeks to months, even those with mild symptoms
and those without underlying medical conditions
(including young adults and children).

> Arecent systematic review of published studies
found >50 described long-term effects of COVID-
19.
» Most common were fatigue, headache, attention
disorder, hair loss, and dyspnea (trouble breathing)

> There is still muchto learn about how COVID-19
may increase the risk of long-term health _
problems, including in children and those with mild

symptoms.

.. xf Changing What’s Possible MUSCkids.org
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https://www.medrxiv.org/content/10.1101/2021.01.27.21250617v2
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-long-term-effects/art-20490351
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Hydroxychloroquine probably doesn't work

=
o=

8

Percentage of patients with PCR-positive samples
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p-value = 0.55

p-value = 0.23

p-value = 0.005
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p-value = 0.006 p-value = 0.001
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102549/

Hydroxychloroquine probably doesn't work

B Hydroxychloroquine vs. Its Control

Number 100 15+
20 90—
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20
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Interferon a/f
PD-1 Blocking antibody
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Other antivirals that did not work

m‘mmm \ :u o
,«3“7'407.,,3‘
W % S

Alszanavie

Loginavic

Darunavir

Danoprevir
N in cytoplasm Noscapine

Main protease (wve)

> Atazanavir

> Darunavir

> Lopinavir

> All showed very little in vivo
activity

> Ribauvirin, replication inhibitor,
also with little in vivo activity
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Remdesivir
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Remdesivir

A Overall
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262788/

Remdesivir
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262788/

Remdesivir

E Patients Receiving Mechanical Ventilation or ECMO
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262788/

Remdesivir

Source: CDC

Figure 1. Pharmacologic Management of Patients with COVID-19 Based on
Disease Severity
Doses and durations are listed in the footnotes.

DISEASE SEVERITY PANEL’S RECOMMENDATIONS

\

For patients who are not at high risk for disease progression,
provide supportive care and symptomatic management (Alll).

For patients who are at high risk of disease progression (as de-
fined by the FDA EUA criteria for treatment with anti-SARS-CoV-2
monoclonal antibodies), use one of the following combinations:

* Bamlanivimab plus et imab (Alla)

 Casirivimab plus imdevimab (Alla)

Not Hospitalized,
Mild to Moderate COVID-19

J
~N
There are insufficient data to recommend either for or against the

routine use of remdesivir. For patients at high risk of disease
progression, the use of remdesivir may be appropriate.

Hospitalized but Does Not Require
Supplemental Oxygen

¥4

Use one of the following options:
* Remdesivir*® (e.g., for patients who require minimal
supplemental oxygen) (Blla)

g: F ler::::?a?gd Re‘::"m *D th 1e° plus desivir*® (e.g., for patients who
PP X909 require increasing amounts of supplemental oxygen) (BIll)*®
* Dexamethasone© (e.g., when combination therapy with
remdesivir cannot be used or is not available) (Bl)
Use one of the following options:
* Dexamethasone* (Al)°
Hospitalized and Requires Oxygen * D th e° plus desivirs® (BIIl)**
Deli Th h a High-Flow Devi
o t;vo‘:ifwasri‘;l:gv;lﬁl?ﬁ oh 2 i For patients who were recently hospitalized' with rapidly increasing

oxygen needs and systemic inflammation:
* Add tocilizumab?® to one of the two options above (Blla)

- . . * Dexamethasone® (Al)"
Hospitalized and Requires Invasive
Mechanical Ventilation or ECMO For patients who are within 24 hours of admission to the ICU:

* Dexamethasone® plus tocilizumab? (Blla)

x Elﬁsﬁdren’gHealth Changing What’s Possible
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https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html

j Local experience during
COVID-19 epidemic



COVID-19 in South Carolina
As of 11:59 PM on 5/3/2021
ests ases eatns

7,496,105 581,835 22,760 9,536

> South Carolina has been hit hard by COVID-19, especially
when you consider case rate and death rate per 100k
population.

> Much of South Carolina is rural and not necessarily equipped
to handle this type of public health/medical crisis.

> Many hospitalsin SC are struggling to keep up with the many
demands that COVID-19 has created.

“i gll"lsifdren'sHealth Changing What's Possible MUSCkids.org



COVID-19 in South Carolina & by Region

7-Day Moving Average of reported COVID-19 Cases, by Public Health Region

. Lowcountry - Midlands . Pee Dee - Ubpstate
2000
2 -
% 1500
2
=
=
g 1000
b=
z
= 500
0
Mar 1,20 May 1, 20 Jul 1,20 Sep 1,20 Nov 1,20 Jan 1, 21 Mar 1,21 May 1, 21
Event date

T T R

Recovery Estimate South Carolina

97.4%
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COVID-19 in South Carolina & by Region

- . Count of Confirmed Cases
cov [D_lg Cases per Da} . Count of Probable Cases
County Displayed:Charleston

. Moving Average 7 day

7-Day Moving Average of reported COVID-19 Cases, by Public Health Region

. Lowcountry

300

200

TDay Moving Awerage

100

Mar1,20  May 1,20 711,20 Sep1,20 Nov1,20  Jan1,21  Mar1,21  May1,21 Mar1,20  May 1,20 Jul 1,20 Sep1,20  Nov1,20 Jan1,21  Mar1,21  May1,21

Event date
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COVID-19 variants in SC

Cases of COVID-19 Variants, by Type of Variant
As of 11:59 PMon 4/28/2021

Select Variant Type
(® All Variants
Parent of the Brazilian Strain
South Africa B.1.351
United Kingdom B.1.1.7

ChildrensHealth Changing What'’s Possible MUSCkids.org
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COVID-19 variants in SC

» ~50% increased
tran S m | SS |O n Cases of COZ?Z}}‘;?,—}’E?;‘Z; ;gor;pe of Variant
» Potential increased severity

based on hospitalizations
and case fatality rates

> No impact on susceptibility to
EUA monoclonal antibody
treatments

> Minimal impacton
neutralization by
convalescent and post-
vaccination sera

Changing What’s Possible MUSCkids.org
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https://www.cdc.gov/mis-c/

COVID-19 variants in SC

» Significantdecreasein
susceptibility to the
combination of bamlanivimab
and etesevimab monoclonal
antibody treatment, but other
EUA monoclonal antibody
treatments are available

> Reduced neutralization by
convalescent and post-
vaccination sera

Cases of COVID-19 Variants, by Type of Variant
As of 11:59 PM on 4/28/2021

Changing What’s Possible MUSCkids.org
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https://www.cdc.gov/mis-c/

COVID-19 variants in SC

Cases of COVID-19 Variants, by Type of Variant

> ~5 O % I n C reaS ed As of 11:50 PMon 4/28/2021
transmission?

» Significantdecrease in
susceptibility to the
combination of bamlanivimab
and etesevimab monoclonal
antibody treatment, but other
EUA monoclonal antibody
treatments are available

Select Variant Type
All Variznts

> Reduced neutralizationby i

Kingdom B.1.1.7

convalescent and post-
vaccination sera

Changing What’s Possible MUSCkids.org
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https://www.cdc.gov/mis-c/

Multi-System Inflammatory Syndrome in

Children (MIS-C)

“*Arare but very serious and often life-
threatening post-infectious
Inflammatory syndrome in children
(0-21 yrs) that occurs 2-4 weeks
after having COVID-19.

“*Most families do not know their
children had COVID-19 or even were
exposed to the virus.

**Most children with MIS-C were
completely healthy before.

**Most common symptoms = fever,
vomiting/diarrhea, fatigue (can
Include rash and/or red eyes)

Eﬁﬁdren’s Health
S o u r Ce : S C D H E C & C DC xf Medical University of South Carolina

4 things you need to
know about Multisystem

Inflammatory Syndrome
in Children (MIS-C)

Appears to be a May show up weeks
rare condition in children after COVID-19 infection
Causes inflammation across Produces varying symptoms in
multiple organs, including: children, but they can include:
Heart Skin Fever Neck pain
Lungs Eyes Abdominal pain Rash
Kidneys Gastrointestinal Vomiting Bloodshot eyes
Brain Diarrhea Feeling extra tired

Want more information?
Check back here or visit tr

k d ke th H
for Disease Control:sgﬁd ;?:\;Zﬁilgne(éscl Chlld ren'SheaItrgm

« 2060 cases and 30
deaths so far in U.S.

Changing What’s Possible ‘ MUSCkids.org


https://scdhec.gov/covid19/mis-c-covid-19-variants
https://www.cdc.gov/mis-c/cases/index.html

Multi-System Inflammatory Syndrome in

Children (MIS-C)

Cases of Multisystem Inflammatory Syndrome in Children (MIS-C) Associated With COVID-19
(n=109)
As of 11:59 PM on 4/28/2021

\ < 7
\‘\ .
Number of MIS-C Cases S
17 [ 4 ()

MIS-C cases rise in an area as
the prevalence of COVID-19
Increases.

MUSC Children’s has cared for
18 children with MIS-C.

All but one were previously
healthy with no underlying
medical condition.

Some required a respirator to
help them breathe and two
required ECMO (machine that
acts as heartand lungs).

All have recovered so far but
long-term effects are unknown.

« Can occur in child of any age and

race/ethnicity

* >70% occur among African American and Hispanic children

Source: CDC

“f Elﬁsﬁdren’sHealth Changing What's Possible ‘ MUSCkids.org



https://www.cdc.gov/mis-c/

82 Children Admitted to MUSC with Acute
COVID-19 in the Last Year (0-21 years old)”

18
16
14
12
10
8
: |
2
2 ]
Healthy Misc. |Healthy Diabetes Sickle Asthma Special Immune Misc.
Med. Cell Needs System Med.
N YCond.j N Disease . Cond. Condj
<2 years old >2 years old
« Some admitted b/c COVID-19 worsened their underlying condition
« Afew developed serious disease from COVID-19; all survived
« 3 healthy children presented w/ new Type 1 diabetes related to COVID
*Excludes those with a positive COVID test W u Changing What's Possible | MUSCids.org

found incidentally on admission



African-American Children and <2 Years Old
Have Been Hit Hardest by COVID-19 at MUSC

# Admissions by # Admissions by Age
Race/Ethnicity Range (Years)
48
50 27
40
0 - 22
20 9 . c 17
10
o I e 12
ALL CHILDREN HEALTHY !
CHILDREN 2
B African American O Hispanic 2 A q;b‘ (Oj\ O D o 9
B Caucasian/Other AN SN A

s COVID-19 poses a greater risk to many of the same children who obtain essential
services atschool (e.g., OT/PT/speech therapy, medical and mental health
treatment, nutrition, etc.) and/or are most at risk for educational disparities w/ virtual
learning.

* We have the responsibility to provide a safe in-person school environment for these
at risk and disadvantaged children.

*Excludes those with a positive COVID test found “? Chillarenciicalth Changing What's Possible | MUSCKkids.org
inCidentaI Iy on ad miSSiOn Medical University of South Carolina



j Antiviral Stewardship
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Bacterial Superinfection of viral pneumonia

» 1918 Influenza Pandemic

» 10 to 15% fatal cases severe
ARDS

» 85 t0 90% fatal cases acute
bronchopneumonia
» Streptococcus pneumoniae
» S. pyogenes
» Haemophilusinfluenzae
» Staphylococcus aureus

Morens and Fauci. JID e
2 O 0 7 1 9 5 (7) . 1 O 1 8 1‘ ChildrensHealth Changing What'’s Possible MUSCKkids.org
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Bacterial superinfection — COVID-19

» 2019 Sars-CoV-2 pandemic
..~ 8% fatal cases acute
| bronchopneumonia
> Acinetobacter baumannii
» Staphylococcus aureus
» Pseudomonas aeruginosa
» Klebsiella pneumoniae

Clancey et al., 2021. Op For
Infect Dis. 8(3):1
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Antibiotic Usage in COVID-19 infection

® North America » Europe ® China ® Asia ex-China
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7785281/

Antibiotic Usage in COVID-19 infection

Antimicrobial Usage Trends

@

Start date: |2/1/2020 End date: |5/14/2021 | Interval {Month » Hospitals: MUSC SHAWN JENKINS CHILDRENS HOSPITAL ¢
Departments: SJCH 10 CANCER CENTER, SJCH 2 BURN CENTER, ... # Antimicrobials: Remdesivir ¢ Routes: Any Route ¢
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Antibiotic Usage in COVID-19 infection

Antimicrobial Usage Trends

@
Start date: | 2/1/2020 End date: |5/14/2021 Interval IMun‘lh Hospitals: MUSC SHAWN JENKINS CHILDRENS HOSPITAL & Departments: Notset &
B . [P N

Antimicrobials: Ceftriaxone, Remdesivir Routes: Any Route &
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Antibiotic Usage in COVID-19 infection

Antimicrobial Usage Trends

Start date: | 2/1/2020 End date: .51’14.1'2021 Interval IMun‘lh Hospitalss MUSC SHAWN JENKINS CHILDRENS HOSPITAL & Departments: Notset ¢

Antimicrobials: Cefepime, Remdeswlr Routes: Any Route #

Antimicrobial days / 1,000 days present
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Antibiotic Usage in COVID-19 infection

Antimicrobial Usage Trends

@
Start date: | 2/1/2020 End date .5.'144’2021 Interval ‘Monlh . Hospitals: MUSC SHAWN JENKINS CHILDRENS HOSPITAL & Departments: Notset &
Antimicrobials: Piperacillin with Tazobactam, Remdesivir Routes: Any Route #
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...also no effecton Linezolid, Vancomycin, or Meropenem use

x gﬁﬁdmn’s Health Changing What'’s Possible MUSCkids.org

Medical University of South Carolina




Learning Objectives

At the completion of this activity, the pharmacist will be able to:

» 1. COVID-19 symptoms and complications are different in
pediatric patients

» 2. Remdesivir is the antiviral of choice in certain clinical
scenarios

» 3. Bacterial superinfection occurs less often during COVID-
19, we should continue to be good stewards of broad-
spectrum antibiotics.

X? Changing What’s Possible MUSCkids.org



QUESTIONS?
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