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The absence of COVID-19-targeted treatments has led scientist to exploit available scientific evidence for potential

efficient drugs that may block biological pathways of SARS-CoV-2 and several molecules have been emerged as

promising pharmacological agents. Then again, due to the criticality of the disease, it is important for healthcare

providers in COVID-19 clinics to recognize potential drug-drug interactions (DDIs) that may lead to adverse drug

reactions (ADRs) and additional burdens in patients' health status from the administration of these agents.

drug-drug interactions  COVID-19  ADRs  healthcare personnel  respiratory diseases

COPD

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of coronavirus disease

(COVID-19) is still pressing the healthcare systems worldwide to their limits . Since its outbreak in 2019 ,

there are continuous efforts from the scientific community to develop efficient strategies . The absence of

targeted medicinal options and the spreading speed of the virus lead scientists to look for potential drugs through

drug repurposing and use of available scientific data to block biological pathways of SARS-CoV-2 . Since the

COVID-19 pandemic crisis there are a lot of available epidemiological studies to determine COVID-19 frequency

measures. It is well defined that morbidity and mortality rates are higher in elderly people with underlying chronic

diseases, such as cardiovascular diseases (CVD); diabetes; respiratory disorders, such as chronic obstructive

pulmonary disease (COPD); diabetes; and cancer .It is estimated that the overall fatality from COVID-19 in

people with no underlying health problems is about 2–3%, while it is six- to ten-fold higher with people with one or

more underlying health conditions. In this respect, given also that COVID-19 is referred to as an acute respiratory

syndrome, it is of no surprise that underlying medical conditions that increase a person’s risk of severe illness from

COVID-19 include respiratory disorders, such as COPD and asthma, cystic fibrosis etc.  .

Numerous medications and medication protocols have been tested thus far, while several clinical trials are

ongoing. Since most of the COVID-19-related hospitalizations refer to patients with underlying conditions that

receive additional medications for their chronic treatments. Hence one of the most important clinical considerations

is the potential and clinically significant drug-drug interactions (DDIs) that may lead to unwanted adverse drug

reactions (ADRs) with additional negative impact on patients’ health status.
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DDDIs occur when co-administered drugs share common biological pathways involved in their pharmacologic

action. The result is a greater or lesser systemic exposure and pharmacologic action for one drug due to co-

administration of another. DDIs are clinically significant when the modification in victim-drug exposure exceeds

effective levels or reduced to sub-therapeutic concentrations depending on the perpetrator’s action as inhibitor or

inducer. Synergistic or competitive actions on the victim’s drug primary or secondary biological targets and

signaling pathways are characterized as PD-DDIs, while PK-DDIs occur when victim’s drug absorption, distribution,

metabolism, and elimination (ADME) processes are altered . 

DDIs represent a major issue in clinical practice since potential modulation of the clinical outcome may result in

adverse drug reactions (ADRs), a harmful response from a system organ (or whole body) to a drug, which occurs

at doses normally administered . DDIs can be evaluated and categorized in relation to their severity as of:

(i) major importance due to adequate clinical observations that evaluates the combinations as “serious—avoid”

and/or “contraindicated”; (ii) of “use with caution—monitor” or “moderate” importance, where clinical evidence

suggest co-administration can be considered after a risk/benefit analysis; and (iii) of “moderate-minor” or “minor”

significance, where DDIs may be described in experimental level but are not clinically observed .

Within the entry, it discuss potentially clinically significant DDIs of therapies administered in COVID-19 with an

emphasis on drugs for respiratory disorders, their underlying pharmacological mechanisms, potential ADRs, and

how healthcare personnel should be aware to recognize and manage them. Scientific information for COVID-19

candidate treatments in based on dashboard available from DrugBank or other relative sources . TThe anatomic

therapeutic classification (ATC) was used to extract classified drugs for respiratory disorders (ATC-R) that are used

in chronic respiratory diseases. The drug interaction checkers from Medscape and Drugs.com was used to search

available scientific evidence, along with the summaries of product characteristics (SmPC) or product information for

all drugs. The characterization of the clinical significance for DDIs was based on available scientific evidence as

described in previous works . 

2. COVID-19 Therapeutic Approaches and Drug Interactions

There are three primary pharmacological goals for treatment for COVID-19: (i) controlling of virus’s replication with

antiviral drugs or drugs that modulate cellular mechanisms, which may play role in virus replication process

(antimicrobials) ; (ii) supportive treatment for controlling of inflammation and immune response with glucocorticoids

that are used in syndromes closely related to COVID-19 and/or with immunosuppressive agents, such as

monoclonal antibodies; and (iii) reducing the risk for complications, such as thrombosis, with antiplatelet and

aspirin as adjunct treatments . Table 1 summarizes drugs that thus far have been emerged in COVID-19

, while their current level of evidence regarding their effectiveness on COVID-19 patients is depicted in Figure 1

. Table 2 summarizes ADRs that may occur in COVID-19 patients and are related with DDIs, which are also

discussed. More information with examples of drug combinations and the potential clinical outcome can be found in

the review entry and its supplementary files (Tables S1 and S2).

Table 1. Emerged drugs administered in COVID-19 patients.
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Figure 1. Classification of available medical options for COVID-19 emerged treatments based on available

evidence hierarchy.

Antivirals Antimicrobials Immunomodulators Adjunct Agents

Atazanavir Azithromycin Anakinra Aspirin

Darunavir Chloroquine Bamlanivimab Bevacizumab

Fabifavir Hydroxychloroquine Baricitinib Dalteparin

Lopinavir/Ritonavir Ivermectin Canakinumab Enoxaparin

Remdesivir Nitazoxanide Colchicine  

Ribavirin  Dexamethasone  

  Fingolimod  

  Hydrocortisone  

  Methylprednisolone  

  Ruxolitinib  

  Sarilumab  

  Tocilizumab  
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Table 2. Potential DDIs in COVID-19 medications, their clinical significance, and clinical signs of ADRs related with

them. (PK, pharmacokinetics, i.e., transport and metabolism processes; PD, pharmacodynamic, i.e., potassium

Ccannels in heart, convulsion thresholds).

COVID-19
Medications Co-Medications DDI

Type Significance Clinical Signs-ADRs

Antivirals

HIV-AIDs PK
Serious—
Avoid or
Monitor

Fatigue, irregular breathing,
cold-blue hands/feet,

nausea

Antineoplastic PK
Serious—
Avoid or
Monitor

Tiredness, nausea,
vomiting, anemia, etc.

Immunosuppressants, PK
Serious—
Avoid or
Monitor

Secondary infections,
nausea, vomiting, tremors,

etc.

Antiarrhythmics/Ca  blockers PK
Serious—
Avoid or
Monitor

Hypotension, edema,
constipation, drowsiness,

nausea, rash

DOACs/anticoagulants PK
Use with
caution

Bleeding risk, bleeding
signs

SSRIs or TCAs PK
Use with
caution

Nausea, dizziness,
hypotension, syncope

Antipsychotics PK
Serious—
Avoid or
Monitor

Cardiac arrhythmias

Sedatives PK
Serious—
Avoid or
Monitor

Prolonged sedation

GI-track PK
Serious—
Avoid or
Monitor

Cardiac arrhythmias

Antihistamines PK
Use with
caution

Cardiac arrhythmias

Antimicrobial
Anti-infectives (antibiotics,
antifungals, antimalarials)

PD
Serious—
Avoid or
Monitor

QT-prolongation

GI-agents PD
Serious—
Avoid or
Monitor

QT-prolongation

2+
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DDI: drug-drug interactions; ADRs: adverse drug reactions; DOACs: direct oral anticoagulants; SSRIs: Selective

serotonin reuptake inhibitors; TCAs: tricyclic antidepressants; DMARD: disease-modifying antirheumatic drugs;

TDM: therapeutic drug monitoring; CYP: Cytochrome P-450.

Within the review, we focus on respiratory diseases, such as asthma, COPD, emphysema, cystic fibrosis, and

bronchiectasis. These disorders are usually treated with systemic administration of drugs from ATC-R and mainly

R03, drugs for obstructive airway diseases, through several biopharmaceutical products, such as inhalers, oral, or

intravenous treatments. Table 3 summarizes the potential interactions and the ADRs that may be observed in

COVID-19 patients and are related with DDIs when co-administered with treatment options for COVID-19.

Additional information with examples of drug combinations of from ATC-R class with COVID-19 emerged

treatments and the potential clinical outcome can be found in Supplementary File (Table S3) .

COVID-19
Medications Co-Medications DDI

Type Significance Clinical Signs-ADRs

Psychotropic (antipsychotics,
SSRIs, TCAs)

PD
Serious—
Avoid or
Monitor

QT-prolongation

Analgesics (opioids) PD
Serious—
Avoid or
Monitor

QT-prolongation

Antihistamines PD
Serious—
Avoid or
Monitor

QT-prolongation

Antiarrhythmics PD
Serious—
Avoid or
Monitor

QT-prolongation

Anesthetics PD
Serious—
Avoid or
Monitor

QT-prolongation

Antiepileptics (with
chloroquine)

PD
Use with
caution

Convulsions

Immunomodulatory

DMARDs PD
Serious—avoid
or monitoring

prolonged pharmacological
action, myelosuppression

toxicity

TDM, narrow therapeutic
index, increased first-pass

effect drugs
PK

Use with
caution

Increased metabolism
modulation of steady-state

and drug response

Colchicine-CYP inhibitors PK
Use with
caution

Nausea, dizziness,
cramping, pain, vomit
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Table 3. DDIs mechanism and significance between drugs used in respiratory disorders and COVID-19

medications along with potential ADRs that may occur in those patients.

Respiratory

Medications
COVID-19 Medications

DDI

Type
Significance Clinical Signs-ADRs

β2-agonists chloroquine/hydroxychloroquine PD
Use with

caution
QT prolongation

 
antivirals PK Moderate

prolonged

pharmacological action-

tachycardia, anxiety,

tremor

Glucocorticoids
immunosuppressants

(interleukin inhibitors)
PD Moderate Neutropenia

 
darunavir PK

Use with

caution
Cushing’s syndrome

Anticholinergics antivirals (lopinavir/ritonavir) PK
Use with

caution

prolonged

pharmacological action

Xanthines
immunosuppressants

(interleukin inhibitors), antivirals
PK

Use with

caution

prolonged

pharmacological action

LTRA

antivirals, chloroquine,

hydroxychloroquine,

immunosuppressants

PD
Use with

caution
Neutropenia

 
remdesivir PD Moderate hepatotoxicity

Antihistamine antivirals PK Moderate prolonged

pharmacological action
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3. Healthcare Personnel in COVID-19 Clinics: Identifying and
Manage DDIs and ADRs

Recently, as this review is submitted, there was the announcement for molnupiravir, a nucleoside analogue that

interferes within SARS-CoV-2’s RNA replication for which clinical trials of phase 3 are coming to an end, and the

drug will seek emergency authorization license for patients at mild-to-moderate or high risk of developing severe

COVID-19 . Whatever the case may be, SARS-CoV-2 challenges scientists in academia and industry “benches”

and puts to test the “bedside” of healthcare systems . From the perspective for comorbidities in COVID-19

patients, COVID-19 is the common underlying disease for so many different clinical cases of patients with

comorbidities and so many different clinical scenarios .

COVID-19 challenges the healthcare eco-system also on the awareness of healthcare teams to exploit their

knowledge regarding optimum healthcare provision in complicate clinical scenarios . This universality of the

disease creates different and complicated clinical scenarios especially for infected patients with comorbidities and

complex therapeutic schemes. Especially for chronic diseases for which patients follow a stable treatment to

manage their condition (i.e., COPD, asthma, or other respiratory diseases), the complications of COVID-19 may

raise new challenges and needs for therapy adjustments. Similar tasks may be raised for other cases of patients

that receive chronic treatments, such as people with epilepsy or people with coagulation problems etc. 

. Hence, it is crucial that healthcare professionals, especially those in COVID-19 clinics, be as much aware as

possible regarding management of adverse drug events (ADEs), ADRS, and/or DDIs in order to ensure optimum

healthcare provision . Among healthcare professionals, clinical pharmacists can contribute

significantly to the prevention, reduction, and management of drug-related problems, such as DDIs and ADRs,

during patient hospitalization . Their contribution in evaluating clinical scenarios for symptom assessment

(including ADRs) and treatment decisions for optimized therapeutic schemes as well as patient education during

hospitalization in COVID-19 recovery clinics has been already assessed .

Within the review, we present repurposed drugs for COVID-19 patients and discussing their potential for DDIs with

a special focus on patients with respiratory disorders except lung cancer pharmacotherapy since these patients by

default are a different category . Advancing previous works, we present potential clinical signs that could be

strongly related with ADRs from occurring DDIs and not with disease progression discussing ways to assess this

cases . One of the most often occurring ADRs is QT prolongation, which can also be a result of an

antihistamine related

ADRs

 

Antimicrobials (azithromycin,

cholorquine, etc.)
PD

Use with

caution
QT prolongation
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occurring DDI. Although they seem to be the most prevalent, cardiac arrhythmias are not the only occurring ADRs

that healthcare professionals should be aware of (Figure 2).

Figure 2. Potential ADRs for COVID-19 patients with respiratory disorders and evaluation tools regarding causality

assessment (Naranjo scale interpretation of scores: ≥9 definite, 5–8 probable, 1–4 possible, ≤0 doubtful).

The management of ADRs and DDIs from healthcare personnel, especially doctors, clinical pharmacists, and

nurses who work in COVID-19 and ICU clinics, is crucial for optimal healthcare provision. Recently, it was

estimated that ~40% of COVID-19 patients are exposed to at least one clinically significant DDI with antiviral drugs,

with protease inhibitors as the most often associated medications in DDIs, whereas the number of patients in other

works reaches up to 60% . As the scientific community is still “educating” itself regarding all the biological

background of SARs-CoV-2, it is of high importance the pharmacovigilance procedures for the optimum healthcare

management. It is crucial that any deviation from the clinical protocols for a patient diagnosed with COVID-19

should be evaluated and reported so to be further analyzed from the respective stakeholders (regulatory,

authorities, etc.). Thus, all the gathered knowledge can be filtered through appropriate channels from

pharmacovigilance regulatory bodies to be evaluated, revised, and return to enrich the clinical protocols (Figure 3).

Such an active “pharmacovigilant” role of healthcare professionals will enhance also public confidence to

healthcare systems against misinformation  .

4. Conclusions

COVID-19 is here to stay. It does not discriminate health status and it is especially harsh for patient population

groups with comorbidities, such as patients with respiratory disorders. Apart of the vaccination programs that try to

[45][52][63]

[65][66][67][68]
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restrain the speed of the pandemic waves through development of herd immunity and reduce the risk for severe

acute respiratory syndrome, it is important to develop potential treatments for the those that will be eventually

infected. A key issue is the awareness of healthcare professionals for optimization of healthcare provision and

minimization of any ADEs, especially ADRs causally related with DDIs. For patients with respiratory disorders DDIs

are mostly of moderate importance, however some cases of clinically significant outcomes exist, and special

precautions should be considered. For treatment goal to be achieved, a stepwise approach should be followed,

including prediction and avoidance of DDIs and ADRs and proper healthcare. This requires a medical team of

physicians, clinical pharmacists, and nurses with high awareness of effective management of drug-related

problems and capability of risk-benefit analysis of patients’ health status. Tools such as clinical decision support

systems can assist in prioritization of actions, including optimum treatment options, for patients in high risk, such as

those with respiratory disorders and comorbidities, as well as sophisticated clinical protocols that minimize ADRs

and enhance therapeutic outcomes.
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