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ABSTRACT Coronavirus disease 2019 (COVID-19) has complicated the management of 
acute respiratory infections and impacted antibiotic use. We assessed the relationship 
between nirmatrelvir/ritonavir (NMV/r) receipt and outpatient antibiotic prescribing 
among patients with COVID-19 in a large national health system. We conducted a 
retrospective cohort study among outpatients enrolled in the Veterans Affairs Health­
care System who had a positive severe acute respiratory syndrome coronavirus 2 test 
or COVID-19 diagnosis and were eligible for NMV/r treatment between 1 April 2022
and 31 March 2024. NMV/r-treated patients were compared with those who did not 
receive NMV/r and were considered unexposed until NMV/r was dispensed. We assessed 
the relationship between NMV/r receipt and being prescribed an outpatient antibiotic 
in the 30 days after a COVID-19 diagnosis using adjusted Cox proportional hazards 
regression. We included 302,600 NMV/r-eligible outpatients with COVID-19, of whom 
67,649 received NMV/r and 234,951 did not receive NMV/r. NMV/r-treated patients were 
less likely to receive outpatient antibiotics compared to those who did not receive NMV/r 
(7.2% [4,901/67,649] vs 9.2% [21,533/234,951], respectively; adjusted hazard ratio [HR] 
0.65, 95% CI: 0.63‒0.68). After excluding patients who received an antibiotic prescription 
upon COVID-19 diagnosis (i.e., likely empiric therapy), this relationship was attenuated 
(HR: 0.91, 95% CI: 0.87‒0.95). NMV/r-eligible patients with COVID-19 who received NMV/r 
were 35% less likely to be prescribed outpatient antibiotics compared to patients who 
did not receive NMV/r, possibly driven by a diminished perceived need for empiric 
antibiotic therapy. Treatment with NMV/r may reduce unnecessary outpatient antibiotic 
use. Antibiotics should be reserved for patients with a high suspicion of bacterial 
co-infection.

IMPORTANCE Antimicrobial resistance, driven by the overuse of antibiotics, is a major 
global health threat. The coronavirus disease 2019 (COVID-19) pandemic has compli­
cated this issue, with antibiotics often prescribed to patients with COVID-19 despite 
being ineffective against viruses. These practices, typically aimed at preventing or 
empirically treating rare bacterial co-infections, have raised concerns about accelerating 
resistance. The antiviral nirmatrelvir/ritonavir (NMV/r), widely used in high-risk patients 
with COVID-19 to prevent severe illness, offers an opportunity to reassess antibiotic use 
in patients with respiratory infections. Our study of over 300,000 patients in a national 
healthcare system found that those treated with NMV/r for COVID-19 were 35% less likely 
to receive antibiotics than those who did not receive the antiviral. Lower antibiotic use 
among patients treated with NMV/r may reflect a reduction in unnecessary outpatient 
antibiotic use. These findings highlight the potential role of antivirals in supporting 
antibiotic stewardship and addressing a critical public health challenge.
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T he overuse and misuse of antibiotics have led to antimicrobial resistance, which has 
been identified by the World Health Organization as one of the world’s top 10 public 

health threats. The coronavirus disease 2019 (COVID-19) pandemic has compounded the 
issue of antibiotic misuse. While antibiotics do not affect viruses, they have been widely 
prescribed to patients with COVID-19, often empirically to prevent or treat secondary 
bacterial infections (1–3). Several recent studies, however, have shown that bacterial 
co-infection in patients with COVID-19 is relatively uncommon (i.e., likely <5%) (2, 4–6). 
These findings have raised concerns about accelerating the development of antibiotic-
resistant bacteria and the unnecessary use of antibiotics among patients with COVID-19 
(7).

The introduction of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
antiviral treatments has provided an opportunity to reassess antibiotic use in the context 
of COVID-19. Nirmatrelvir/ritonavir (NMV/r), an oral SARS-CoV-2 antiviral given in the 
outpatient setting, has been shown to be effective for treating COVID-19 in those at 
high risk for progression to severe disease (8–11). NMV/r has been used widely in 
the United States since it was authorized for emergency use in December 2021 for 
individuals 12 years of age and older, weighing at least 40 kg, who are at high risk for 
progression to severe COVID-19. NMV/r was subsequently fully approved by the U.S. 
Food and Drug Administration on 25 May 2023 for high-risk adults. The ability of NMV/r 
to prevent progression to severe COVID-19 could potentially lead to a decrease in the 
perceived need for antibiotics among patients with COVID-19. This, in turn, could have 
important implications for antibiotic stewardship programs and strategies to combat 
antimicrobial resistance. Moreover, SARS-CoV-2 antiviral treatment may also, in rarer 
instances, reduce secondary infection. We evaluated the impact of NMV/r on outpatient 
antibiotic prescribing patterns among NMV/r-eligible patients with COVID-19.

MATERIALS AND METHODS

Design, setting, and population

This retrospective cohort study included adults ≥18 years of age who were enrolled 
in the Veterans Affairs (VA) Healthcare System and who tested positive for SARS-CoV-2 
(via PCR or antigen test) or were diagnosed with COVID-19 (International Classification 
of Diseases, Tenth Revision, Clinical Modification [ICD-10] code U07.1) between 1 April 
2022 and 31 March 2024 in the outpatient setting of the VA Healthcare System. The 
index date was defined as the date of the earliest positive SARS-CoV-2 test or COVID-19 
diagnosis. Only the first COVID-19 episode for each patient was included in the study. 
To be eligible, participants had to (i) have at least one VA Healthcare System visit in the 
preceding 12 months (i.e., an “active” VA user) and (ii) meet Centers for Disease Control 
and Prevention (CDC) criteria for NMV/r eligibility (i.e., at high risk for progression to 
severe COVID-19), which was defined as being ≥50 years of age, having a CDC-defined 
high-risk medical condition, or not being up-to-date with COVID-19 vaccinations (12). We 
excluded patients (i) with severe renal impairment (estimated glomerular filtration rate 
[eGFR] <30 mL/min in the previous 180 days), (ii) with moderate or severe liver disease, 
(iii) who were currently taking medications contraindicated for use with NMV/r (Table 
S1), (iv) who were treated with molnupiravir, remdesivir, or any SARS-CoV-2 monoclonal 
antibodies (i.e., bamlanivimab, bebtelovimab, casirivimab/imdevimab, cilgavimab/tixa­
gevimab, and sotrovimab) in the 30 days prior to the index date (13–16), (v) who 
received <5 days supply of NMV/r, (vi) who had previously received NMV/r in the 30 
days prior to the index date, or (vii) who received NMV/r ≥ 6 days after the index date.

Patient data were extracted from clinical records in the Veterans Health Administra­
tion Corporate Data Warehouse, a comprehensive repository of health data within the 
national VA Healthcare System. The database encompasses a wide range of informa­
tion including demographic details, records of inpatient and outpatient encounters 
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(including procedure codes), pharmacy data (including medication dispensing and 
administration details as well as records of medications obtained outside the VA system), 
ICD-10 diagnosis codes, laboratory and microbiology records, vital statistics, and other 
health-related data. This study was determined to be exempt by the VA Providence 
Healthcare System (VAPHS) Institutional Review Board (IRB) and approved by the VAPHS 
Research and Development Committee. As this was a retrospective study of existing 
health records and exempt from IRB review, informed consent requirements were not 
applicable.

Exposure

The exposure of interest was the receipt of a 5-day supply of NMV/r (defined using 
outpatient pharmacy dispensing data) within 5 days of the index date compared to not 
receiving NMV/r. Patients were considered unexposed until the date that NMV/r was 
dispensed.

Outcomes

The outcome of interest was the receipt of an outpatient antibiotic prescription in 
the 30 days following the index date (i.e., the date of earliest positive SARS-CoV-2 
test or COVID-19 diagnosis) (17). Antibiotics were identified from dispensed outpatient 
prescriptions. Only outpatient antibiotics commonly used to treat respiratory tract 
infections were assessed (Table S2). Patients were censored if they received other 
COVID-19 antiviral treatment after the index date (e.g., molnupiravir, remdesivir, or 
SARS-CoV-2 monoclonal antibodies), were hospitalized, or died during the 30-day 
follow-up period.

Statistical analysis

Prior literature and subject matter expertise were used to select variables that could 
potentially confound the relationship between NMV/r treatment and antibiotic use in 
the outpatient setting. NMV/r exposure was modeled as time varying (i.e., participants 
were considered unexposed until the date of NMV/r dispense). Cox proportional hazards 
models were adjusted for the following covariates: week of SARS-CoV-2 infection or 
COVID-19 diagnosis, whether an outpatient visit occurred at the time of testing positive 
or COVID-19 diagnosis (yes/no) (8), age group (18‒49, 50‒64, 65‒74, 75‒84, and ≥85 
years), sex (male or female), race (Black or African American, White, and other), ethnicity 
(Hispanic or Latino and not Hispanic or Latino), region (Midwest, Northeast, West, and 
South), socioeconomic indicators (measured by the area deprivation index [ADI] grouped 
into quintiles from least to most deprived) (18), body mass index category (underweight 
[<18.5], normal weight [18.5‒24.9], overweight [25.0‒29.9], obese [≥30.0], or missing) 
(19), Charlson comorbidity index (0, 1, 2, 3, and ≥4), history of medical conditions 
(yes/no; modeled individually), including cancer, asthma, chronic obstructive pulmonary 
disease, hypertension, congestive heart failure, atherosclerosis, or other heart disease, 
cognitive disorders, including dementia, diabetes, HIV/AIDS, or liver disease, history of 
immunocompromising conditions, or use of immunosuppressive treatment (yes/no) (20), 
smoking status (current or former, never, and unknown), prior healthcare interactions 
(primary care visit in the previous year [yes/no], hospitalization in the previous year [yes/
no], and emergency department or urgent care visit in the previous year [yes/no]), use 
of medications with the potential for drug-drug interactions with NMV/r in the 90 days 
prior to index (use an alternate COVID-19 therapy, hold drug, dose adjust drug, monitor 
drug, or not on concomitant medication with drug-drug interactions [DDI] potential) 
(16, 21), antibiotic use in the 30 days prior to index (yes/no), COVID-19 vaccination 
status (up-to-date [defined as receiving at least one dose of XBB vaccine if the index 
date occurred between 25 September 2023 and 31 March 2024, at least one dose of 
a BA.4/5 bivalent vaccine if the index date occurred between 1 September 2022 and 
24 September 2023, or at least three doses of wild-type COVID-19 vaccine if the index 
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date occurred between 1 April 2022 and 31 August 2022], previously vaccinated against 
COVID-19 but not up-to-date, and never received COVID-19 vaccine), receipt of influenza 
vaccine in the previous year (yes/no), receipt of pneumococcal vaccine in the previous 5 
years (yes/no), prior documented SARS-CoV-2 infection (yes/no), current (index date to 7 
days post index) urinary tract infection (time varying), history of urinary tract infection in 
the 30 days prior to index (yes/no), and history of acute respiratory infection in the 30 
days prior to index (yes/no).

The underlying Cox model assumption of proportional hazards was verified through 
formal testing (Schoenfeld residuals) and graphical analysis. In sensitivity analyses, we 
evaluated the impact of excluding patients who received an antibiotic prescription on 
the index date (i.e., likely empiric therapy). Additional sensitivity analyses were also 
performed using propensity score matching (nearest neighbor) and only including 
patients with positive SARS-CoV-2 lab tests. All statistical analyses were carried out using 
SAS software (Version 9.4 and Enterprise Guide 8.3, SAS Institute Inc., Cary, NC, USA).

RESULTS

Our study included 67,649 NMV/r-treated and 234,951 NMV/r-untreated outpatients 
within the VA Healthcare System who tested positive for SARS-CoV-2 or were diagnosed 
with COVID-19 and met study inclusion criteria (Fig. 1). Patients who received NMV/r 

FIG 1 Study selection criteria. aAsthma, cancer, cardiomyopathies, cerebrovascular disease, chronic heart failure, chronic kidney disease, chronic liver disease, 

chronic lung disease, coronary artery disease, current or former smoker, cystic fibrosis, delirium, dementia, and other cognitive disorders, diabetes mellitus type 

1 or 2, HIV, immunocompromised, mental health conditions, obesity, pregnancy, and tuberculosis. bDrugs contraindicated with NMV/r that require the use of an 

alternative COVID-19 therapy, with any days supply during the 90 days prior to the index date.
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(compared to those who did not receive NMV/r) were more likely to be ≥65 years of age 
(53.3% vs 46.9%, respectively, P < 0.001), be obese (53.1% vs 49.8%, P < 0.001), have a 
Charlson comorbidity score ≥1 (58.2% vs 53.2%, P < 0.001), be up-to-date with COVID-19 
vaccination (37.2% vs 30.9%, P < 0.001), have received an influenza vaccine in the prior 
year (61.2% vs 53.4%, P < 0.001), and have received a pneumococcal vaccine in the prior 
5 years (39.5% vs 34.3%, P < 0.001). Table 1 describes patient characteristics by receipt of 
NMV/r. Among patients who received NMV/r, treatment was most often initiated on the 
index date (55,537/67,649; 82.1%) or on the day after index (9,946/67,649; 14.7%).

Overall, 26,434 of 302,600 (8.7%) received an antibiotic in the outpatient setting in 
the first 30 days following either a positive SARS-CoV-2 test or COVID-19 diagnosis. The 
most prescribed antibiotics were azithromycin, amoxicillin-clavulanate, doxycycline, and 
amoxicillin (Fig. 2). Among those who received an outpatient antibiotic, the median 
time between the index date and antibiotic treatment initiation was longer in the NMV/
r-treated group compared to those who did not receive NMV/r (5 vs 0 days, respectively; 
P < 0.001). Patients who received outpatient antibiotics were generally similar to those 
who did not receive outpatient antibiotics in terms of age, sex, race, and ethnicity. 
Patients who received outpatient antibiotics (vs those who did not) were more likely to 
have been prescribed antibiotics in the prior 30 days (22.7% vs 10.8%, respectively, P < 
0.001), be frail (59.7% vs 49.6%, P < 0.001), have a Charlson comorbidity score ≥1 (61.6% 
vs 53.6%, P < 0.001), have chronic obstructive pulmonary disease (17.9% vs 10.8%, P < 
0.001), have visited the emergency department in the prior year (49.0% vs 35.7%, P < 
0.001), and be immunocompromised (35.4% vs 17.3%, P < 0.001; Table S3).

Outpatient antibiotic receipt differed by NMV/r treatment status, with 7.2% of NMV/
r-treated patients (4,901/67,649) prescribed outpatient antibiotics, compared with 9.2% 
of NMV/r-untreated patients (21,533/234,951). This corresponded to an adjusted hazard 
ratio (HR) of 0.65 (95% CI: 0.63‒0.68; Table 2).

In a sensitivity analysis that excluded patients who received an antibiotic prescription 
on the index date (i.e., likely empiric therapy), the relationship between NMV/r receipt 
and outpatient antibiotic prescribing persisted but was attenuated (adjusted HR: 0.91, 
95% CI: 0.87‒0.95; Table 2). The findings utilizing propensity score matching (adjusted 
HR: 0.67, 95% CI: 0.64–0.70; Tables S4 and S5) and restricting the analyses to those with 
positive SARS-CoV-2 lab tests (adjusted HR: 0.63, 95% CI: 0.60‒0.65; Table S5) were similar 
to the primary analysis.

DISCUSSION

Our study found that NMV/r-eligible patients with COVID-19 who received NMV/r were 
35% (95% CI: 32%‒37%) less likely to be prescribed an antibiotic in the outpatient setting 
in the 30 days following a positive SARS-CoV-2 test or COVID-19 diagnosis compared to 
those who did not receive NMV/r. This difference was most pronounced when includ­
ing antibiotic treatment dispensed at the time of COVID-19 diagnosis, suggesting that 
our results were possibly driven by a diminished perceived need for empiric antibiotic 
therapy when NMV/r is prescribed. This is consistent with our finding that antibiotic 
prescribing tended to occur on the same day as COVID-19 diagnosis (i.e., likely empiric 
therapy) among those who were prescribed an antibiotic and did not receive NMV/r but 
tended to occur later in the course of illness (i.e., antibiotic receipt a median of 5 days 
after COVID-19 diagnosis) among the smaller number of patients who received both 
antibiotics and NMV/r.

The absolute risk reduction of outpatient antibiotic prescribing for NMV/r-treated 
patients was 1.9%, meaning that, if the observed association were causal, for every 
53 patients treated with NMV/r, one COVID-19-related antibiotic prescription (that was 
likely unnecessary [1, 22]) was prevented. These findings highlight the potential role of 
NMV/r in not only treating COVID-19 but also in supporting antibiotic stewardship and 
potentially combating antibiotic resistance in the aftermath of the COVID-19 pandemic. 
These results have two major implications for clinical practice. First, clinicians should 
prioritize appropriate treatment of COVID-19 with antivirals, which remain underutilized 
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(23–28). Second, clinicians should carefully review signs and symptoms of infection in 
patients with COVID-19 and use antibiotics only in patients with high suspicion of 
bacterial co-infection. Antibiotic stewardship efforts should emphasize that bacterial co-
infection in patients with COVID-19 is uncommon, making empiric antibiotic therapy 
often unnecessary (1–6).

Our findings complement the growing body of research on antibiotic use in patients 
with COVID-19. During the pandemic, antibiotics were often unnecessarily prescribed for 
COVID-19 cases (2, 3), likely driven by the initial lack of effective COVID-19 treatment 
options and fears about the potential for secondary bacterial infections. Numerous 
publications have shown increases in antibacterial prescribing rates during and after the 
COVID-19 pandemic, including significant increases in antibiotic prescriptions among 
patients with COVID-19 (1–3). Data indicate that antibiotic use in patients with COVID-19 
likely ranges from 13% to 30% in outpatients (29, 30) and 62% to 72% among hospital­
ized patients (22, 31), despite the fact that secondary bacterial infection in patients 
with COVID-19 is relatively rare (<5%) (1, 2, 4–6, 22). A potential added benefit of 
NMV/r treatment may be in reducing the reliance on empiric antibiotic therapy in the 
outpatient management of COVID-19, which could have broad implications for reducing 
unnecessary antibiotic use and improving antibiotic stewardship.

Our study has several important limitations. We defined COVID-19 based on a 
positive SARS-CoV-2 laboratory test or COVID-19 diagnosis code, which can be subject to 
misclassification or omission. However, results were similar when only including patients 
with positive tests. In addition, testing, diagnosis, or treatment for COVID-19 (including 
prescriptions for antivirals or antibiotics) that occurred outside of the VA Healthcare 
system may not have been fully captured. To mitigate this issue, however, our study 
focused on active VA users who are more likely to rely on the VA Healthcare System for 
care. Furthermore, although we controlled for a wealth of sociodemographic and clinical 
characteristics between those who did and did not receive NMV/r, residual confounding 
due to unmeasured or unknown factors is possible, including the severity of symptoms 
at the time of diagnosis. Similarly, while we controlled for the region, regional differences 
in antibiotic prescribing practices, particularly the higher rates of antibiotic use observed 
in the South, may still contribute to the observed differences (32). Another limitation is 
that we only assessed outpatient antibiotic prescribing; therefore, our findings do not 
apply to inpatient antibiotic use, and future studies should explore this. Additionally, our 

FIG 2 Initial outpatient antibiotic prescribed in the 30 days after COVID-19.
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data reflect antibiotic dispensing, and therefore, we cannot ascertain whether they were 
taken as prescribed. Finally, the generalizability of our findings also may be limited, as the 
US Veteran population predominantly comprises older males.

Conclusions

In conclusion, our study suggests that the availability of effective SARS-CoV-2 antiviral 
treatment, specifically NMV/r, may influence outpatient antibiotic prescribing patterns. 
NMV/r-eligible patients with COVID-19 who received NMV/r were 35% less likely to 
be prescribed outpatient antibiotics compared to NMV/r-eligible patients who did 
not receive NMV/r. This difference was most pronounced when including antibiotic 
treatment dispensed at the time of COVID-19 diagnosis, suggesting that the observed 
difference may be influenced by a diminished perceived need for empiric antibiotic 
therapy when NMV/r is prescribed. Lower rates of antibiotic prescribing among patients 
treated with NMV/r may reflect a reduction in unnecessary outpatient antibiotic use. 
These findings highlight the potential added benefit of SARS-CoV-2 antiviral therapy in 
supporting antibiotic stewardship, though further investigation is needed. Finally, more 
educational efforts are needed for clinicians to emphasize that bacterial co-infection in 
patients with COVID-19 is uncommon, and empiric antibiotic therapy is likely unneces­
sary.

TABLE 2 Cox proportional hazards regression evaluating the association between receipt of NMV/r and 
outpatient antibiotic prescriptions in the 30 days following COVID-19a,

Analysis and treatment group Proportion who received 
outpatient antibiotics n/N (%)

Crude HR 
(95% CI)

Adj HR 
(95% CI)b

Primary analysis
  Received NMV/r 4,901/67,649 (7.2) 0.70 (0.68–

0.72)
0.65 (0.63–

0.68)
  Did not receive NMV/r 21,533/234,951 (9.2) Ref Ref
Sensitivity analysis excluding 

patients who received an antibiotic 
prescription on the index datea

  Received NMV/r 2,946/65,694 (4.5) 0.97 (0.93–
1.01)

0.91 (0.87–
0.95)

  Did not receive NMV/r 9,980/223,398 (4.5) Ref Ref
aThe index date was the date of positive SARS-CoV-2 test or COVID-19 diagnosis, whichever occurred first.
bCox proportional hazards models were adjusted for the following covariates: week of SARS-CoV-2 infection or 
COVID-19 diagnosis, whether an outpatient visit occurred at the time of testing positive or COVID-19 diagnosis 
(yes/no) (8), age group (18‒49, 50‒64, 65‒74, 75‒84, and ≥85 years), sex (male or female), race (Black or African 
American, White, and other), ethnicity (Hispanic or Latino and not Hispanic or Latino), region (Midwest, Northeast, 
West, and South), socioeconomic indicators (measured by the area deprivation index [ADI] grouped into quintiles 
from least to most deprived) (18), body mass index category (underweight [<18.5], normal weight [18.5‒24.9], 
overweight [25.0‒29.9], obese [≥30.0], or missing) (19), Charlson comorbidity index (0, 1, 2, 3, and ≥4), history 
of medical conditions (yes/no; modeled individually), including cancer, asthma, chronic obstructive pulmonary 
disease, hypertension, congestive heart failure, atherosclerosis, or other heart disease, cognitive disorders, 
including dementia, diabetes, HIV/AIDS, or liver disease, history of immunocompromising conditions, or use 
of immunosuppressive treatment (yes/no) (20), smoking status (current or former, never, and unknown), prior 
healthcare interactions (primary care visit in the previous year [yes/no], hospitalization in the previous year [yes/
no], and emergency department or urgent care visit in the previous year [yes/no]), use of medications with 
the potential for drug-drug interactions with NMV/r in the 90 days prior to index (use an alternate COVID-19 
therapy, hold drug, dose adjust drug, monitor drug, or not on concomitant medication with DDI potential) (16, 
21), antibiotic use in the 30 days prior to index (yes/no), COVID-19 vaccination status (up-to-date [defined as 
receiving at least one dose of XBB vaccine if the index date occurred between 25 September 2023 and 31 March 
2024, at least one dose of a BA.4/5 bivalent vaccine if the index date occurred between 1 September 2022 and 
24 September 2023, or at least three doses of wild-type COVID-19 vaccine if the index date occurred between 1 
April 2022 and 31 August 2022], previously vaccinated against COVID-19 but not up-to-date, and never received 
COVID-19 vaccine), receipt of influenza vaccine in the previous year (yes/no), receipt of pneumococcal vaccine in 
the previous 5 years (yes/no), prior documented SARS-CoV-2 infection (yes/no), current (index date to 7 days post 
index) urinary tract infection (time-varying), history of urinary tract infection in the 30 days prior to index (yes/no), 
and history of acute respiratory infection in the 30 days prior to index (yes/no).
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