Adjunctive Therapy
Last Updated: July 17, 2020

In addition to the antiviral medications and the immune-based therapies for the treatment of COVID-19
that are discussed elsewhere in the COVID-19 Treatment Guidelines, adjunctive therapies are frequently
used in patients with COVID-19 to prevent and/or treat the infection or its complications. Some of these
agents are being studied in clinical trials.

Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is associated with a
prothrombotic state and an increased incidence of thromboembolic disease. Antithrombotic Therapy

in Patients with COVID-19 reviews the existing data and provides recommendations for the care of
individuals who were receiving antithrombotic agents before they acquired SARS-CoV-2 and those who
need these therapies to prevent or treat thromboembolic events during course of the infection.

Some clinicians advocate for the use of vitamin and mineral supplements to treat respiratory viral
infections. Multiple ongoing studies are evaluating the use of vitamin and mineral supplements for both
the treatment and prevention of SARS-CoV-2 infection.

The following sections describe the underlying rationale for the use of adjunctive therapies and
summarize the existing clinical trial data. Additional adjunctive therapies will be added as new evidence
emerges.
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Antithrombotic Therapy in Patients with COVID-19

Last Updated: May 12, 2020

Summary Recommendations

Laboratory Testing:

« In non-hospitalized patients with COVID-19, there are currently no data to support the measurement of coagulation
markers (e.g., D-dimers, prothrombin time, platelet count, fibrinogen) (Alll).

* In hospitalized patients with COVID-19, hematologic and coagulation parameters are commonly measured, although
there are currently insufficient data to recommend for or against using this data to guide management decisions (BIII).

Chronic Anticoagulant and Antiplatelet Therapy:

e Patients who are receiving anticoagulant or antiplatelet therapies for underlying conditions should continue these
medications if they receive a diagnosis of COVID-19 (Alll).

Venous Thromboembolism Prophylaxis and Screening:

 For non-hospitalized patients with COVID-19, anticoagulants and antiplatelet therapy should not be initiated for
prevention of venous thromboembolism (VTE) or arterial thrombosis unless there are other indications (Alll).

* Hospitalized adults with COVID-19 should receive VTE prophylaxis per the standard of care for other hospitalized
adults (AIl). A diagnosis of COVID-19 should not influence a pediatrician’s recommendations about VTE prophylaxis
in hospitalized children (BIll). Anticoagulant or antiplatelet therapy should not be used to prevent arterial thrombosis
outside of the usual standard of care for patients without COVID-19 (Alll).

 Reported incidence of VTE in hospitalized patients with COVID-19 varies. There are currently insufficient data
to recommend for or against the use of thrombolytics or increasing anticoagulant doses for VTE prophylaxis in
hospitalized COVID-19 patients outside the setting of a clinical trial (BIII).

* Hospitalized patients with COVID-19 should not routinely be discharged on VTE prophylaxis (Alll). Using Food and
Drug Administration-approved regimens, extended VTE prophylaxis can be considered in patients who are at low risk
for bleeding and high risk for VTE as per protocols for patients without COVID-19 (see text for details on defining at-
risk patients) (BI).

 There are currently insufficient data to recommend for or against routine deep vein thrombosis screening in
COVID-19 patients without signs or symptoms of VTE, regardless of the status of their coagulation markers (BIII).

* For hospitalized COVID-19 patients, the possibility of thromboembolic disease should be evaluated in the event
of rapid deterioration of pulmonary, cardiac, or neurological function, or of sudden, localized loss of peripheral
perfusion (AI).

Treatment:

« Patients with COVID-19 who experience an incident thromboembolic event or who are highly suspected to have
thromboembolic disease at a time when imaging is not possible should be managed with therapeutic doses of
anticoagulant therapy as per the standard of care for patients without COVID-19 (Alll).

e Patients with COVID-19 who require extracorporeal membrane oxygenation or continuous renal replacement therapy
or who have thrombosis of catheters or extracorporeal filters should be treated with antithrombotic therapy per the
standard institutional protocols for those without COVID-19 (Alll).

Special Considerations During Pregnancy and Lactation:

» Management of anticoagulation therapy during labor and delivery requires specialized care and planning and
should be managed similarly in pregnant patients with COVID-19 as other conditions that require anticoagulation in
pregnancy (Alll).

 Unfractionated heparin, low molecular weight heparin, and warfarin do not accumulate in breast milk and do not
induce an anticoagulant effect in the newborn; therefore, they can be used in breastfeeding women with or without
COVID-19 who require VTE prophylaxis or treatment (Alll). In contrast, direct-acting oral anticoagulants are not
routinely recommended due to lack of safety data (Alll).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials with clinical outcomes and/or validated laboratory endpoints;
[l = One or more well-designed, nonrandomized trials or observational cohort studies; Il = Expert opinion
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Association Between COVID-19 and Thromboembolism

Infection with the novel coronavirus SARS-CoV-2 and the resulting syndrome coronavirus disease
(COVID-19) has been associated with inflammation and a prothrombotic state, with increases in fibrin,
fibrin degradation products, fibrinogen, and D-dimers.'? In fact, these markers have been associated

with worse clinical outcomes.** Although the true incidence of these complications among those with
different severities of disease is not completely defined, there have been reports of increased incidence

of thromboembolic disease associated with COVID-19 in patients in the intensive care unit (ICU).>¢ In

a French prospective multicenter cohort of 150 ICU patients, 16.7% had pulmonary embolism despite
prophylactic anticoagulation. Patients with COVID-19 and acute respiratory distress syndrome (ARDS)
had increased incidence of pulmonary embolism compared to patients without COVID-19-associated
ARDS.® A Dutch study of 184 ICU patients reported a cumulative incidence of venous thromboembolism
(VTE) of 27% (95% confidence interval, 17% to 32%), despite prophylaxis.” A study that used routine
ultrasounds reported VTE incidence of 69% in those admitted to the ICU. However, other centers have
reported lower event rates. An Italian study found a VTE rate of 22.2%.* Among 393 patients from New
York, only 13 patients (3.3%) experienced VTE; 10 of those patients (7.7%) were mechanically ventilated,
and three (1.1%) were not mechanically ventilated.” Epidemiologic studies that control for clinical
characteristics, underlying comorbidities, prophylactic anticoagulation, and COVID-19-related therapies
are needed.

Notably, all of the studies described above relied on clinical findings that were suggestive of
thromboembolic events to trigger a diagnosis of thromboembolism. Although the incidence of
thromboembolic events, especially pulmonary emboli, can be quite high, there are, as of yet, no
published data investigating the utility of routine surveillance for deep vein thrombosis via lower
extremity ultrasound. However, for clinicians who routinely perform ultrasound examinations in
critically ill patients, adding deep veins to the daily examination could be a useful adjunct to care.

There remains very little prospective data demonstrating the benefits of monitoring coagulation markers
or the safety and efficacy of using therapeutic doses of anticoagulants in those with COVID-19 in the
absence of other indications. A retrospective analysis of 2,773 patients from a single center in the United
States reported in-hospital mortality in 22.5% of patients who received therapeutic anticoagulation and
22.8% of patients who did not receive anticoagulation. The study further reported that in a subset of 395
mechanically ventilated patients, 29.1% who received anticoagulation and 62.7% who did not receive
anticoagulation died. The study had important limitations: it lacked details on patient characteristics,
indications for anticoagulant initiation, and descriptions of other therapies that the patients received that
may have influenced mortality. In addition, the authors did not discuss the potential impact of survival
bias on the study results. For these reasons, the data are not sufficient to influence standard of care, and
this study further emphasizes the need for prospective trials to define the risks and potential benefits of
therapeutic anticoagulation in patients with COVID-19."

A number of randomized controlled trials have been developed to evaluate the risks and benefits of
anticoagulation in patients with COVID-19 (visit ClinicalTrials.gov for the current list of trials). Interim
guidance on recognizing and managing coagulopathy in patients with COVID-19 has been released

by the International Society of Thrombosis and Haemostasis (ISTH).!" The American Society of
Hematology has developed guidance statements about coagulopathy and venous thromboembolism. An
additional paper that outlines issues related to thrombotic disease with implications for prevention and
therapy has been endorsed by the ISTH, the North American Thrombosis Forum, the European Society
of Vascular Medicine, and the International Union of Angiology.'?
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Monitoring Coagulation Markers in Patients with COVID-19:

* Non-hospitalized patients with COVID-19 should not routinely be tested for measures of
coagulopathy, such as D-dimer level, prothrombin time, fibrinogen level, and platelet count (AIII).
Although abnormalities of these markers have been associated with worse outcomes, there is a
lack of prospective data demonstrating that they can be used for risk stratification in those who are
asymptomatic or those with mild SARS-CoV-2 infection.

+ Hematologic and coagulation parameters are commonly measured in hospitalized patients with
COVID-19. Nevertheless, there are currently insufficient data to recommend for or against using
such data to guide management decisions (BIII).

Managing Coagulopathy in Patients with COVID-19
Selection of Anticoagulant or Antiplatelet Drugs for Patients with COVID-19:7

* Any time anticoagulant or antiplatelet therapy is being used, consideration must be given to
potential drug-drug interactions with other concomitant drugs (AIII). The University of Liverpool
has collated a list of drug interactions.

* Low molecular weight heparin or unfractionated heparin may be preferred in hospitalized,
critically ill patients because of their shorter half-lives, ability to be administered intravenously or
subcutaneously, and fewer drug-drug interactions compared with oral anticoagulants (AIII).

* Outpatients receiving warfarin who are unable to get international normalized ratio monitoring
during isolation may be candidates for direct oral anticoagulant therapy. Patients with mechanical
heart valves, ventricular assist devices, valvular atrial fibrillation, or antiphospholipid antibody
syndrome or patients who are lactating should continue treatment with warfarin therapy (AIII).

Chronic Anticoagulant or Antiplatelet Therapy:

+ Patients with COVID-19 who are taking anticoagulant or antiplatelet therapy for underlying
medical conditions should continue their treatment unless significant bleeding develops or other
contraindications are present (AILI).

Patients with COVID-19 Who Are Managed as Outpatients:

» For non-hospitalized patients with COVID-19, anticoagulant or antiplatelet therapy should not be
initiated for VTE prophylaxis or at therapeutic doses (AIII).

Hospitalized Patients with COVID-19:

* For adults who are admitted to a hospital with COVID-19, VTE prophylaxis, unless contraindicated
(e.g., a patient has active hemorrhage or severe thrombocytopenia), should be prescribed using the
recommendations for patients who have been admitted to a hospital for other indications (AIII).
Although data supporting this recommendation are limited, a retrospective study showed reduced
mortality in patients who received prophylactic anticoagulation, particularly if the patient had a
sepsis-induced coagulopathy score >4.*

* A recent meta-analysis of COVID-19 infection in children did not discuss venous
thromboembolism.!* Given insufficient data, COVID-19 infection should not change VTE
prophylaxis recommendations for hospitalized children (BILI).

» Anticoagulant or antiplatelet therapy should not be used to prevent arterial thrombosis outside
of the standard of care for those without COVID-19 (AIII). Anticoagulation is routinely used to
prevent arterial thromboembolism in patients with heart arrhythmias. Although there are reports
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of strokes and myocardial infarction in patients with COVID-19, the incidence of these events is
unknown.

+ Patients with COVID-19 who experience an incident thromboembolic event or who are highly
suspected to have thromboembolic disease at a time when imaging is not possible should be
managed with therapeutic doses of anticoagulant therapy as per the standard of care for patients
without COVID-19 (AIII).

» There are currently insufficient data to recommend either for or against using therapeutic doses of
antithrombotic or thrombolytic agents for COVID-19 in patients who are admitted to a hospital
(BIII). While there is evidence that multi-organ failure is more likely in patients with sepsis if they
develop coagulopathy,'® there are no convincing evidence to show that any specific antithrombotic
treatment will influence outcomes in those with or without COVID-19. Participation in
randomized trials is encouraged, if trials are available.

+ Patients with COVID-19 who require extracorporeal membrane oxygenation or continuous renal
replacement therapy or who have thrombosis of catheters or extracorporeal filters should be
treated as per the standard institutional protocols for those without COVID-19 (AIII).

Patients with COVID-19 Who Are Discharged from the Hospital:

* Routine post-discharge VTE prophylaxis is not recommended for patients with COVID-19
(AIII). However, the benefits of post-discharge prophylaxis for certain high-risk patients without
COVID-19 led to the Food and Drug Administration approval of two regimens: rivaroxaban 10
mg daily for 31 to 39 days, and betrixaban 160 mg on Day 1, followed by betrixaban 80 mg once
daily for 35 to 42 days.'*!” Inclusion criteria for the trials that studied these regimens included:

» Modified IMPROVE-VTE score >4; or

* Modified IMPROVE-VTE score >2 and D-dimer level >2 times the upper limit of normal;'¢ or
» Age >75 years; or

* Age >60 years and D-dimer level >2 times the upper limit of normal; or

* Age 40 to 60 years, D-dimer level >2 times the upper limit of normal, and previous VTE event
or cancer.’

* Any decision to use post-discharge VTE prophylaxis should consider the individual patient’s risk
factors, including reduced mobility, bleeding risks, and feasibility.

Special Considerations for Pregnancy and Lactation

Several professional societies, including the American Society of Hematology and the American College
of Obstetricians and Gynecologists, have guidelines that specifically address management of VTE in the
context of pregnancy.'®!” There is a lack of data on the use of these scoring systems to predict VTE risk
in pregnant people. Additionally, the D-dimer level may not be a reliable predictor of VTE in pregnancy,
because there is a physiologic increase of D-dimer levels throughout gestation.?*->

In general, the preferred anticoagulants during pregnancy are heparin compounds.? Because of its
reliability and ease of administration, low-molecular weight heparin is recommended rather than
unfractionated heparin for prevention and treatment of VTE in pregnancy.'

Direct-acting anticoagulants are not routinely used during pregnancy due to the lack of safety data in
pregnant people.'® The use of warfarin for the prevention or treatment of VTE should be avoided in
pregnant people, regardless of their COVID-19 status; this is especially true during the first trimester,
due to the concern for teratogenicity.
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Specific recommendations for pregnant women with COVID-19 include:

 If antithrombotic therapy is prescribed during pregnancy for another indication, this therapy
should be continued if the patient receives a diagnosis of COVID-19 (AIII).

» For pregnant patients admitted to the hospital with COVID-19, recommendations for VTE
prophylaxis are the same as those for hospitalized nonpregnant patients (AILI).

* Management of anticoagulation therapy during labor and delivery requires specialized care
and planning and should be managed similarly in pregnant patients with COVID-19 as other
conditions that require anticoagulation in pregnancy (AIII).

Thrombolytic Therapy in Pregnancy:

Due to the potential risk of maternal hemorrhage, during pregnancy, thrombolytic therapy should be
reserved for acute pulmonary embolism with life-threatening hemodynamic instability regardless of
whether a patient has COVID-19 (AIII)."

Lactation:

Unfractionated heparin, low molecular weight heparin, and warfarin do not accumulate in breast milk
and do not induce an anticoagulant effect in the newborn; therefore, they can be used in breastfeeding
women with or without COVID-19 who require VTE prophylaxis or treatment (AIII)."” In contrast,
direct-acting oral anticoagulants are not routinely recommended due to the lack of safety data (AIII).'

References

1. Han H, Yang L, Liu R, et al. Prominent changes in blood coagulation of patients with SARS-CoV-2 infection.
Clin Chem Lab Med. 2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32172226.

2. Driggin E, Madhavan MV, Bikdeli B, et al. Cardiovascular considerations for patients, health care workers,
and health systems during the coronavirus disease 2019 (COVID-19) pandemic. J Am Coll Cardiol. 2020.
Available at: https://www.ncbi.nlm.nih.gov/pubmed/32201335.

3. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med.
2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32109013.

4. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is associated with decreased mortality
in severe coronavirus disease 2019 patients with coagulopathy. J Thromb Haemost. 2020;18(5):1094-1099.

Available at: https://www.ncbi.nlm.nih.gov/pubmed/32220112.
5. Llitjos JF, Leclerc M, Chochois C, et al. High incidence of venous thromboembolic events in anticoagulated

severe COVID-19 patients. J Thromb Haemost. 2020. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32320517.

6. Helms J, Tacquard C, Severac F, et al. High risk of thrombosis in patients in severe SARS-CoV-2 infection: a
multicenter prospective cohort study. Intensive Care Med. 2020:[Preprint]. Available at: https://www.esicm.
org/wp-content/uploads/2020/04/863 _author proof.pdf.

7. Klok FA, Kruip M, van der Meer NJM, et al. Incidence of thrombotic complications in critically ill ICU
patients with COVID-19. Thromb Res. 2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32291094.

8. Tavazzi G, Civardi L, Caneva L, Mongodi S, Mojoli F. Thrombotic events in SARS-CoV-2 patients: an
urgent call for ultrasound screening. Intensive Care Med. 2020. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32322918.

9. Goyal P, Choi JJ, Pinheiro LC, et al. Clinical characteristics of COVID-19 in New York City. N Engl J Med.
2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32302078.

10. Paranjpe I, Fuster V, Lala A, et al. Association of treatment dose anticoagulation with in-hospital survival
among hospitalized patients with COVID-19. Journal of the American College of Cardiology. 2020. [In

COVID-19 Treatment Guidelines 175
Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 10/22/2020




I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Press]. Available at: https://www.sciencedirect.com/science/article/pii/S0735109720352189?via%3Dihub.

Thachil J, Tang N, Gando S, et al. ISTH interim guidance on recognition and management of coagulopathy
in COVID-19. J Thromb Haemost. 2020;18(5):1023-1026. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/32338827.

Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and thrombotic or thromboembolic disease:
implications for prevention, antithrombotic therapy, and follow-up. J Am Coll Cardiol. 2020. Available at:
https://www.ncbi.nlm.nih.gov/pubmed/32311448.

American Society of Hematology. COVID-19 and VTE/anticoagulation: frequently asked questions. 2020.
Available at: https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation. Accessed May 8, 2020.

Ludvigsson JF. Systematic review of COVID-19 in children shows milder cases and a better prognosis than
adults. Acta Paediatr. 2020. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32202343.

Iba T, Nisio MD, Levy JH, Kitamura N, Thachil J. New criteria for sepsis-induced coagulopathy (SIC)
following the revised sepsis definition: a retrospective analysis of a nationwide survey. BM.J Open.
2017;7(9):e017046. Available at: https://www.ncbi.nlm.nih.gov/pubmed/28963294.

Spyropoulos AC, Lipardi C, Xu J, et al. Modified IMPROVE VTE Risk score and elevated D-dimer identify
a high venous thromboembolism risk in acutely ill medical population for extended thromboprophylaxis. 7H
Open. 2020;4(1):¢59-e65. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32190813.

Cohen AT, Harrington RA, Goldhaber SZ, et al. Extended thromboprophylaxis with betrixaban in acutely
ill medical patients. N Engl J Med. 2016;375(6):534-544. Available at: https:// www.ncbi.nlm.nih.gov/
pubmed/27232649.

Bates SM, Rajasekhar A, Middeldorp S, et al. American Society of Hematology 2018 guidelines for
management of venous thromboembolism: venous thromboembolism in the context of pregnancy. Blood Adv.
2018;2(22):3317-3359. Available at: https:// www.ncbi.nlm.nih.gov/pubmed/30482767.

ACOG Practice Bulletin No. 196 summary: thromboembolism in pregnancy. Obstet Gynecol.
2018;132(1):243-248. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29939933.

Wang M, Lu S, Li S, Shen F. Reference intervals of D-dimer during the pregnancy and puerperium period on
the STA-R evolution coagulation analyzer. Clin Chim Acta. 2013;425:176-180. Available at: https://www.ncbi.
nlm.nih.gov/pubmed/23954836.

Reger B, Peterfalvi A, Litter I, et al. Challenges in the evaluation of D-dimer and fibrinogen levels in pregnant
women. Thromb Res. 2013;131(4):e183-187. Available at: https://www.ncbi.nlm.nih.gov/pubmed/23481480.

Hu W, Wang Y, Li J, et al. The predictive value of D-dimer test for venous thromboembolism during
puerperium: a prospective cohort study. Clin Appl Thromb Hemost. 2020;26:1076029620901786. Available at:

https://www.ncbi.nlm.nih.gov/pubmed/32090610.

COVID-19 Treatment Guidelines 176

Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 10/22/2020




Vitamin C

Last Updated: July 17, 2020

Rationale for Using Vitamin C in Patients With COVID-19

Vitamin C (ascorbic acid) is a water-soluble vitamin that is thought to have beneficial effects in

patients with severe and critical illnesses. It is an antioxidant and free radical scavenger that has anti-
inflammatory properties, influences cellular immunity and vascular integrity, and serves as a cofactor in
the generation of endogenous catecholamines.!> Because humans may require more vitamin C in states
of oxidative stress, vitamin C supplementation has been evaluated in numerous disease states, including
serious infections and sepsis. Because serious COVID-19 may cause sepsis and acute respiratory distress
syndrome (ARDS), the potential role of high doses of vitamin C in ameliorating inflammation and
vascular injury in patients with COVID-19 is being studied.

Recommendation for Non-Critically lll Patients With COVID-19

» There are insufficient data for the COVID-19 Treatment Guidelines Panel (the Panel) to
recommend either for or against the use of vitamin C for the treatment of COVID-19 in non-
critically ill patients.

Rationale

Because patients who are not critically ill with COVID-19 are less likely to experience oxidative stress
or severe inflammation, there is no compelling reason to use vitamin C in this setting.

Recommendation for Critically lll Patients With COVID-19

* There are insufficient data for the Panel to recommend either for or against the use of vitamin C
for the treatment of COVID-19 in critically ill patients.

Rationale

There are no completed controlled trials of vitamin C in patients with COVID-19, and the available
observational data are sparse and inconclusive. Studies of vitamin C in sepsis patients and ARDS
patients have shown variable efficacy and limited safety concerns (as described below).

Clinical Data on Vitamin C in Critically lll Patients Without COVID-19

In a small, three-arm, pilot study of two regimens of intravenous (I'V) vitamin C versus placebo in 24
critically ill patients with sepsis, there were reductions over the 4-day study period in sequential organ
failure assessment (SOFA) scores and levels of proinflammatory markers in patients who received
vitamin C 200 mg/kg per day and those who received vitamin C 50 mg/kg per day, compared with
patients who received placebo.?

In a randomized, controlled trial in critically ill patients with sepsis-induced ARDS (n = 167),
administration of IV vitamin C 200 mg/kg per day for 4 days did not change SOFA scores or levels of
inflammatory markers. However, 28-day mortality was lower in the treatment group (29.8% vs. 46.3%;
P =0.03), coinciding with more days alive and free of the hospital and the intensive care unit (ICU).*

Two historically controlled studies found that the combination of vitamin C, thiamine, and
hydrocortisone had beneficial effects in patients with sepsis or severe pneumonia.>® In response,
a randomized controlled trial in critically ill patients with septic shock compared the combination

COVID-19 Treatment Guidelines 177
Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 10/22/2020




of vitamin C (6 g per day), thiamine (400 mg per day), and hydrocortisone (200 mg per day) to
hydrocortisone alone. The study reported that the combination therapy had no effect on the duration of
shock. It also had no effect on the mortality rate in the ICU, at 28 days, or at 90 days (90-day mortality
was 28.6% in the vitamin C group vs. 24.5% in the placebo group, P = 0.51). Only one of the 10
secondary outcomes differed between the two groups; the change in SOFA score from baseline to Day 3
favored the treatment group (median score change of -2 vs. -1, P =0.02).”

Other Considerations

It is worth noting that high circulating concentrations of vitamin C may affect the accuracy of
point-of-care glucometers.®

+ Additional large, randomized clinical trials in severely ill patients with sepsis have completed
enrollment. These studies may provide additional data on the safety and efficacy of vitamin C that
support its potential use in treating patients with COVID-19.%1°

+ Several trials of oral and IV vitamin C supplementation in people with COVID-19 are ongoing.
Please check ClinicalTrials.gov for the latest information.
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Vitamin D

Last Updated: July 17, 2020

Recommendation

» There are insufficient data to recommend either for or against the use of vitamin D for the
prevention or treatment of COVID-19.

General Information

Vitamin D is critical for bone and mineral metabolism. Because the vitamin D receptor is expressed
on immune cells such as B cells, T cells, and antigen-presenting cells, and because these cells can
synthesize the active vitamin D metabolite, vitamin D also has the potential to modulate innate and
adaptive immune responses.'

Vitamin D deficiency (defined as a serum concentration of 25-hydroxyvitamin D <20 ng/mL) is
common in the United States, particularly among persons of Hispanic ethnicity and Black race. These
groups are overrepresented among cases of COVID-19 in the United States.? Vitamin D deficiency is
also more common in older patients and patients with obesity and hypertension; these factors have been
associated with worse outcomes in patients with CSOVID-19. In observational studies, low vitamin D

levels have been associated with an increased risk of community-acquired pneumonia in older adults?
and children.*

Vitamin D supplements may increase the levels of T regulatory cells in healthy individuals and patients
with autoimmune diseases; vitamin D supplements may also increase T regulatory cell activity.” In a
meta-analysis of randomized clinical trials, vitamin D supplementation was shown to protect against
acute respiratory tract infection.® However, in two randomized, double-blind, placebo-controlled clinical
trials, administering high doses of vitamin D to critically ill patients with vitamin D deficiency (but

not COVID-19) did not reduce the length of the hospital stay or the mortality rate when compared to
placebo.”® High levels of vitamin D may cause hypercalcemia and nephrocalcinosis.’

Vitamin D and COVID-19

The role of vitamin D supplementation in the prevention or treatment of COVID-19 is not known.
The rationale for using vitamin D is based largely on immunomodulatory effects that could potentially
protect against COVID-19 infection or decrease the severity of illness. Ongoing observational studies
are evaluating the role of vitamin D in preventing and treating COVID-19.

Some investigational trials on the use of vitamin D in people with COVID-19 are being planned or are
already accruing participants. These trials will administer vitamin D alone or in combination with other
agents to participants with and without vitamin D deficiency. The latest information on these clinical
trials can be found on ClinicalTrials.gov.
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Zinc Supplementation and COVID-19

Last Updated: July 17, 2020

Recommendations

* There are insufficient data to recommend either for or against the use of zinc for the treatment of
COVID-19.

* The COVID-19 Treatment Guidelines Panel (the Panel) recommends against using zinc
supplementation above the recommended dietary allowance for the prevention of COVID-19,
except in a clinical trial (BIII).

Rationale

Increased intracellular zinc concentrations efficiently impair replication in a number of RNA viruses.'
Zinc has been shown to enhance cytotoxicity and induce apoptosis when used in vitro with a zinc
ionophore (e.g., chloroquine). Chloroquine has also been shown to enhance intracellular zinc uptake

in vitro.* The relationship between zinc and COVID-19, including how zinc deficiency affects the
severity of COVID-19 and whether zinc supplements can improve clinical outcomes, is currently under
investigation.® Zinc levels are difficult to measure accurately, as zinc is distributed as a component of
various proteins and nucleic acids.*

Zinc supplementation alone or in combination with hydroxychloroquine for prevention and treatment of
COVID-19 is currently being evaluated in clinical trials. The optimal dose of zinc for the treatment of
COVID-19 is not established. The recommended dietary allowance for elemental zinc is 11 mg daily for
men and 8 mg for nonpregnant women.> The doses used in registered clinical trials for COVID-19 vary
between studies, with a maximum dose of zinc sulfate 220 mg (50 mg of elemental zinc) twice daily.

Long-term zinc supplementation can cause copper deficiency with subsequent reversible hematologic
defects (i.e., anemia, leukopenia) and potentially irreversible neurologic manifestations (i.e.,
myelopathy, paresthesia, ataxia, spasticity).®’ Zinc supplementation for a duration as short as 10
months has been associated with copper deficiency.® In addition, oral zinc can decrease the absorption
of medications that bind with polyvalent cations.’ Because zinc has not been shown to have clinical
benefit and may be harmful, the Panel recommends against using zinc supplementation above the
recommended dietary allowance for the prevention of COVID-19, except in a clinical trial (BIII).

Clinical Data

Retrospective Study of Hydroxychloroquine and Azithromycin With or Without Zinc

This study has not been peer-reviewed.

A retrospective observational study compared zinc supplementation to no zinc supplementation in
hospitalized patients with COVID-19 who received hydroxychloroquine and azithromycin from March 2
to April 5, 2020. On March 25, the institution’s standard of care was updated to include supplementation
with zinc sulfate 220 mg orally twice daily. Patients who received any other investigational therapies
were excluded. Only patients who were discharged from the hospital, transferred to hospice, or died
were included in the analysis. Outcome measures included duration of hospital stay, duration of
mechanical ventilation, maximum oxygen flow rate, average oxygen flow rate, average FiO,, maximum
FiO,, admission to the intensive care unit (ICU), duration of ICU stay, death or transfer to hospice, need
for intubation, and discharge destination.’
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Results

» A total of 932 patients were included in this analysis; 411 patients received zinc, and 521 did not.
* The two groups had similar demographic characteristics.

+ Patients who received zinc had higher absolute lymphocyte count and lower troponin and
procalcitonin levels at baseline than those who did not receive zinc.

* In univariate analysis, no differences were observed between the two groups in duration of
hospital stay, duration of mechanical ventilation, maximum oxygen flow rate, average oxygen
flow rate, or average FiO,.

» In bivariate logistic regression analysis, zinc supplementation was associated with a decreased
mortality rate or rate of transfer to hospice; however, the association with a decreased mortality
rate was no longer significant when analysis was limited to patients who were treated in the ICU.

Limitations

» This is a retrospective review; patients were not randomized to receive zinc therapy or to
receive no zinc. The statistical methods used do not account for confounding variables or patient
differences between those who were treated with zinc sulfate and those who were not, with one
exception: the authors attempted to account for the change in the institution’s treatment standards
by using a logistic regression analysis for patients admitted after March 25.

* The preprint did not include specific details on the timing of zinc initiation, and the patients’
clinical statuses at the start of therapy were not reported.

* The preprint also did not specify how many patients did or did not receive zinc before and after
the institution’s treatment standards changed to include zinc sulfate on March 25. The authors used
a logistic regression analysis to account for this, as discussed above.

* Only patients who died or who were transferred to hospice or discharged are included in the
analyses. The exclusion of those who were still hospitalized as of April 5 makes it difficult to
compare the clinical outcomes for those who received or did not receive zinc sulfate.

Given the nature of the study design and its limitations, the authors do not recommend using this study
to guide clinical practice.

References

L.

te Velthuis AJ, van den Worm SH, Sims AC, Baric RS, Snijder EJ, van Hemert MJ. Zn(2+) inhibits
coronavirus and arterivirus RNA polymerase activity in vitro and zinc ionophores block the replication of
these viruses in cell culture. PLoS Pathog. 2010;6(11):e1001176. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/21079686.

Xue J, Moyer A, Peng B, Wu J, Hannafon BN, Ding WQ. Chloroquine is a zinc ionophore. PLoS One.
2014;9(10):e109180. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25271834.

Calder PC, Carr AC, Gombart AF, Eggersdorfer M. Optimal nutritional status for a well-functioning immune
system is an important factor to protect against viral infections. Nutrients. 2020;12(4). Available at: https://
www.ncbi.nlm.nih.gov/pubmed/32340216.

Hambridge K. The management of lipohypertrophy in diabetes care. Br J Nurs. 2007;16(9):520-524. Available
at: https://www.ncbi.nlm.nih.gov/pubmed/17551441.

National Institutes of Health. Office of Dietary Supplements. Zinc fact sheet for health professionals. 2020.
Available at: https://ods.od.nih.gov/factsheets/Zinc-HealthProfessional/. Accessed June 26, 2020.

Myint ZW, Oo TH, Thein KZ, Tun AM, Saeed H. Copper deficiency anemia: review article. Ann Hematol.
2018;97(9):1527-1534. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29959467.

COVID-19 Treatment Guidelines 182

Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 10/22/2020




7. Kumar N. Copper deficiency myelopathy (human swayback). Mayo Clin Proc. 2006;81(10):1371-1384.
Available at: https://www.ncbi.nlm.nih.gov/pubmed/17036563.

8. Hoffman HN, 2nd, Phyliky RL, Fleming CR. Zinc-induced copper deficiency. Gastroenterology.
1988;94(2):508-512. Available at: https://www.ncbi.nlm.nih.gov/pubmed/3335323.

9. Carlucci P, Ahuja T, Petrilli CM, Rajagopalan H, Jones S, Rahimian J. Hydroxychloroquine and azithromycin

plus zinc vs hydroxychloroquine and azithromycin alone: outcomes in hospitalized COVID-19 patients.
medRxiv. 2020;Preprint. Available at: https://www.medrxiv.org/content/10.1101/2020.05.02.20080036v1.

COVID-19 Treatment Guidelines 183
Downloaded from https://www.covid19treatmentquidelines.nih.gov/ on 10/22/2020




