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Introduction

The coronavirus disease 2019 (COVID-19) outbreak has 
been an extraordinary threat to the global health care sys-
tem. The underlying causative pathogen has been identi-
fied as severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) and it is transmitted primarily by respira-
tory droplets.1 COVID-19 infection typically causes sys-
temic symptoms, including fatigue, fever, cough, dyspnea, 
and myalgias.2 For most individuals, the illness course is 
mild and self-resolves within a few weeks.3 However, many 
patients have required hospitalization and developed severe 
respiratory failure that warrants mechanical ventilation.4 
While management consists of mainly supportive treat-
ment, several antiviral agents have been granted emergency 
use authorization for COVID-19.5

Nirmatrelvir/ritonavir is an oral antiviral drug that con-
sists of a co-packaging of 2 separate medications to be taken 

together as part of the therapy for COVID-19 infection.6 
Nirmatrelvir is a peptidomimetic inhibitor of the SARS-
CoV-2 main protease (Mpro) and ritonavir is a human 
immunodeficiency virus-1 (HIV-1) protease inhibition.7 
Dosing ritonavir with nirmatrelvir was found to increase 
plasma levels of nirmatrelvir.8 In the EPIC-HR phase 2 to 3 
clinical trial, it was found that the incidence of COVID-19-
related death or hospitalization at day 28 was significantly 
lower in the nirmatrelvir/ritonavir group when compared 
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Abstract
Background: Over the past 2 years of the several strategies recommended to help fight COVID-19, nirmatrelvir/ritonavir 
is a novel drug shown in the EPIC-HR phase 2 to 3 clinical trial to lower COVID-19-related death or hospitalization at 
day 28 when compared with placebo. Objective: Our study’s aim was to explore the reported adverse events (AEs) 
associated with nirmatrelvir/ritonavir use for COVID-19. Method: We conducted a retrospective analysis using the FDA 
Adverse Event Reporting System (FAERS) database for AEs, listing nirmatrelvir/ritonavir as the primary drug between 
January and June 2022. The primary outcome was the incidence of reported AEs associated with nirmatrelvir/ritonavir. 
The OpenFDA database was queried using Python 3.10 to collect the AEs and Stata 17 was used to analyze the database. 
Adverse events were analyzed by associated medication, with “Covid-19” excluded. Results: A total of 8098 reports 
were identified between January and June 2022. Most reported complaints in the AE system were COVID-19 and disease 
recurrence. The most common symptomatic AEs were dysgeusia, diarrhea, cough, fatigue, and headache. Event rates 
significantly rose between April and May. Disease recurrence and dysgeusia were the most commonly reported complaints 
for the top 8 concomitant drugs identified. Cardiac arrest, tremor, akathisia, and death were reported in 1, 3, 67, and 5 
cases, respectively. Conclusions and Relevance: This is the first retrospective study done on reported AEs associated 
with nirmatrelvir/ritonavir use for COVID-19. COVID-19 and disease recurrence were the most reported AEs. Further 
monitoring of the FAERS database is warranted to periodically reassess the safety profile of this medication.
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with the placebo; however, adverse events (AEs) were 
noted to not be significantly different in comparison with 
placebo in the EPIC-SR, EPIC-HR and EPIC-PEP trials.9 
The risk of progression of COVID-19 to severe COVID-19 
was 89% lower in the experimental nirmatrelvir group com-
pared with the placebo group.9 All deaths in the study 
occurred in the placebo group and it was found that the viral 
load was significantly lower at day 5 in the nirmatrelvir/
ritonavir group compared with the placebo.9 This poses an 
interesting and relevant question we wish to answer in this 
article: whether there are significant AEs and drug-drug 
interactions when assessed with a larger sample size, such 
as the FDA Adverse Event Reporting System (FAERS) 
database.

Although nirmatrelvir/ritonavir has shown strong efficacy 
in reducing hospitalization rates and associated mortality in 
COVID-19 patients, the safety profile of this medication has 
not been well described in the literature.10 Nirmatrelvir/rito-
navir has been demonstrated to strongly inhibit the cyto-
chrome P450 (CYP3A4) system with the ritonavir component 
and has significant drug-drug interactions with other agents 
metabolized through this system.11,12 Some commonly 
reported adverse effects include disease recurrence, dysgeu-
sia, diarrhea, hypertension, and myalgias.10,13-15 The goal of 
our study is to explore the increase in adverse effects associ-
ated with nirmatrelvir/ritonavir use that have been reported to 
the FDA from March 2022 to the present. We aim to highlight 
the growing incidence of these adverse effects and potential 
interactions by better describing the safety profile of nirma-
trelvir/ritonavir.

Method

Search Strategy

A retrospective analysis was conducted using that FAERS 
system for cases reported listing nirmatrelvir/ritonavir as 
the primary drug between January 2022 and June 2022. 
Case reports were included if registered in the United States, 
included at least one patient-related AE, and had 3 or fewer 
concomitant over-the-counter or prescription medications 
associated with the report.

Data Collection and Analysis

The OpenFDA database was queried using Python 3.10 to 
collect AE data, and the results were stored in a database.16 
Stata 17 was used to analyze the organized database.17 
Duplicate reports were identified and removed. Cases were 
individually analyzed for completeness and reported events. 
Reports were examined using descriptive statistics.

Cases reported with a single concomitant medication 
were identified and separated for analysis. Second medica-
tions reported as “other” were excluded. A total of 302 cases 

reported met this inclusion criterion. Medications were then 
grouped according to their generic name, and HMG-CoA 
reductase inhibitors were combined into a single group, 
“statins.” Adverse events were tallied by associated medi-
cation and then plotted.

Results

A total of 8098 reports were identified between January 
2022 and June 2022. COVID-19 and disease recurrence 
were the most commonly reported complaints in the AE sys-
tem. Dysgeusia, diarrhea, cough, fatigue, and headache were 
the most common symptomatic AEs overall (Figure 1). 
Event rates were noted to increase in March 2022 and sig-
nificantly rose between April and May 2022 (Figure 2).

The use of a single second drug was identified in 302 
cases. Disease recurrence and dysgeusia were the top 2 
most commonly reported complaints for each of the top 8 
concomitant drugs identified. Adverse events by comedica-
tion are presented in Figure 3. Death was reported in  

Figure 1. Top 15 reported side effects of nirmatrelvir/ritonavir.
Abbreviation: FDA, US Food & Drug Administration.

Figure 2. Timeline of reported events.
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5 cases. Cardiac arrest, anxiety, tremor, auditory hallucina-
tion, akathisia, and hyperhidrosis were reported in 1, 2, 3, 
3, 67, and 73 cases, respectively.

Discussion

The US Food & Drug Administration (FDA) issued emer-
gency use authorization of nirmatrelvir/ritonavir on 
December 22, 2021, for the treatment of mild to moderate 
COVID-19 infection in adults and children over the age of 
12 and weighing over 40 kg who had positive SARS-CoV-2 
viral testing and were also at higher risk of progression to 
hospitalization or death.18 The FDA subsequently reissued 
the Letter of Authorization on March 17, 2022, April 14, 
2022, and July 6, 2022, stating that there should be limita-
tions applied to prescribing nirmatrelvir/ritonavir, including 
a review of recent medical records and labs, a list of the 
patient’s medications, and a referral for further evaluation if 
there is not enough information to assess renal and hepatic 
function or drug interactions according to the FDA fact 
sheet for providers.19

Our analysis of the FAERS data demonstrated a signifi-
cant increase in the number of AEs since April 2022 from 
500 reported events a month to approximately 3500 reported 
events over the time span of 1 month. This is likely related 
to increasing with the increased availability and repeated 
letters of authorization for use by the FDA. COVID-19 was 
the most common report; however, this may have been an 

error due to the voluntary reporting system. The most com-
mon AEs reported were disease recurrence after treatment 
at 3418 reported events, dysgeusia with 1535 reported 
events, diarrhea with 725 instances, and 441 incidents with 
cough, concordant with other studies. A study by Wang 
et al20 showed COVID-19 recurrence at 3.53% and 5.4%, 
respectively, at 7 and 30 days post-treatment. A meta-analy-
sis by Wen et al21 noted that the most frequent AEs were 
nausea, diarrhea, runny nose, and muscle pain; this was 
consistent among all COVID-19 antiviral medications.

Nirmatrelvir/ritonavir is a rapid and potent inhibitor of 
the cytochrome P450, especially 3A4.22 This causes a wide 
array of drug-drug interactions and must be used carefully 
on patients with multiple comorbidities and on multiple 
medications. Most adverse reactions were in line with the 
most common overall AEs. Statins were found to have the 
highest incidence of AEs with disease recurrence having 
the highest frequency at 64 events. Levothyroxine had the 
second most events followed by acetaminophen and ibu-
profen. The top AEs were similar for each drug. This is 
likely due to the virus or nirmatrelvir/ritonavir, not specifi-
cally drug-drug interactions. It is likely that these drugs 
were most commonly noted due to their frequent and ubiq-
uitous use. Many anti-hypertensive medications and anti-
depressants were also noted to have similar interactions. 
Although no significant events in the FAERS database 
were noted for cross-reactivity with direct oral anticoagu-
lants and corticosteroids, they are still medications 

Figure 3. Reported events by single associated drug.
Abbreviation: FDA, US Food & Drug Administration.
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clinicians should be aware of as they have known to have 
interactions with ritonavir. This was noted in Wang and 
Chan23 pharmacokinetic modeling-based study noting the 
need for possible dose adjustment of direct oral anticoagu-
lants due to drug-drug interactions in patients requiring 
antiviral therapy. Our study was limited by the events doc-
umented in the FAERS database being reported voluntarily, 
potentially missing AEs that were not reported. This could 
also be seen as the possibility of not reporting “rebound” 
COVID-19 as an AE but rather being managed as a sepa-
rate clinical entity by physicians instead, thus not showing 
up in our analysis.

Conclusion and Relevance

Polypharmacy is commonly seen in the elderly population, 
who are also at more of a risk for more severe COVID-19 
infections. Although the drug interactions of ritonavir have 
been studied in the past, the use of nirmatrelvir/ritonavir in 
patients with COVID-19 still requires a deeper understand-
ing of DDI in this patient population for their appropriate 
risk-benefit analysis. Further analysis and monitoring of the 
FAERS data is warranted to periodically reassess the safety 
profile in the use of these antiviral agents as the use of these 
agents continues to rise.
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