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Abstract

Background: Viral infections, including those leading to sepsis, are common but often overlooked in clinical practice, yet the
treatment strategies for viral sepsis remain inadequately defined.

Objective: This study aims to investigate the effectiveness of antivirals nirmatrelvir-ritonavir and molnupiravir in the
treatment of culture-negative sepsis.

Methods: This retrospective cohort study was conducted across public hospitals in Hong Kong. We included patients
diagnosed with COVID-19 between February 22, 2022, and June 30, 2023, who had no secondary bacterial or fungal
infections. Propensity score matching was used to assess the efficacy of the antivirals nirmatrelvir-ritonavir and molnupiravir
in patient subgroups with or without organ dysfunction at hospital admission, including circulatory shock, respiratory failure,
acute kidney injury, coagulopathy, acute liver impairment, a composite of all organ dysfunctions, or no organ dysfunction. Key
outcomes were in-hospital mortality and length of stay, reported as hazard ratios (HR) and mean differences, respectively.

Results: The study included 15,599 COVID-19 patients with a mean age of 75.1 (SD 15.9) years. Molnupiravir treatment
was associated with a significantly lower risk of mortality in patients in both the presence of any organ dysfunction (HR 0.75,
95% CI 0.58 to 0.96) and without organ dysfunction (HR 0.29, 95% CI 0.15-0.56). Nirmatrelvir-ritonavir was associated with
decreased mortality with respiratory failure (absolute risk difference: 9.5%, 95% CI 6.26-12.72) and without organ dysfunction
(HR 0.17,95% CI 0.05-0.56). Antivirals also reduced the length of hospital stay; nirmatrelvir-ritonavir reduced length of stay
in respiratory failure by an average of 3.37 (95% CI 2.32-4.42) days, acute kidney injury by 7.25 (95% CI 2.97-11.52) days,
and coagulopathy by 7.04 (95% CI 2.99-4.05) days. Molnupiravir reduced the length of stay in acute kidney injury by an
average of 6.7 (95% CI 2.39-11.08) days and coagulopathy by 5.68 (95% CI 1.20-10.16) days.

Conclusions: Antivirals reduced mortality among hospitalized COVID patients, with the greatest reduction observed in
patients without organ dysfunction. Antivirals were also effective in reducing the length of hospital stay.
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Introduction

Sepsis, a syndrome characterized by organ dysfunction
resulting from a dysregulated response to infection, poses
a significant mortality risk [1]. While bacterial and fun-
gal infections are well-recognized causes of sepsis, viral
infections—especially in older people and immunocom-
promised individuals—are often overlooked despite their
potential to cause severe illness [2].

Extensive literature has primarily focused on bacte-
rial sepsis, with early antibiotic administration being the
cornerstone of its treatment [3,4]. However, the emergence
of COVID-19, caused by the SARS-CoV-2, has sparked
renewed interest in the role of viral infections in sepsis.
Despite ongoing vaccination efforts that have reduced the
severity and mortality associated with COVID-19 [5], the
disease continues to significantly impact vulnerable popula-
tions, particularly older people.

A meta-analysis revealed that the majority of COVID-19
patients admitted to the ICU met the Sepsis-3 criteria
[6]. During the early phases of the pandemic, COVID-19
accounted for 1 in 6 sepsis cases [7]. COVID-19 is associ-
ated with a range of organ dysfunctions, including circula-
tory shock, respiratory failure, acute kidney injury, liver
impairment, and coagulopathy [8]. Yet, the use of antivirals
in patients across varying organ dysfunction presentations
remains inadequately understood. On a related note, recent
studies support nirmatrelvir-ritonavir use in other critical
conditions, such as in patients with advanced kidney disease
[9], in hematologic malignancies [10], and in immunosup-
pressed patients [11], where antivirals reduced length of stay,
shortened time to symptom resolution, and reduced viral load.

Viral sepsis remains underdiagnosed due to its lack of
specific clinical manifestations [12]. Early research indicates
that viral sepsis often occurs without secondary bacterial and
fungal infections; for instance, 76% of blood and sputum
cultures from COVID-19 patients were negative for bacteria
and fungi [13].

Currently, guidelines offer limited recommendations for
the use of antivirals in patients with viral sepsis [14,15],
highlighting the need for further research to establish
effective treatment protocols. This study aims to evaluate the
effectiveness of antiviral treatment in a cohort of COVID-19
patients who had negative blood culture results during their
hospital stay, thereby contributing to the evidence base for
managing viral sepsis.

Methods
Cohort Identification

All patients included in this study were identified using the
Clinical Data Analysis and Reporting System (CDARS), a
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comprehensive territory-wide electronic health care database
encompassing all public hospitals managed by the Hospi-
tal Authority, which serves a population of 7.1 million.
CDARS has been reliably used for numerous large-scale
population-based studies [16], including research on antiviral
use for COVID-19 [17,18], where diagnoses are stored using
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes. Each patient’s data,
including prescription, admission, and diagnosis, were linked
using a unique anonymous identifier. Patients were poten-
tially included in this study if they had related service records,
such as admission and medication use within CDARS.

Study Design

This retrospective cohort study used CDARS to investigate
culture-negative viral infection among COVID-19 inpatients.
The study compared the effect of antiviral treatments
(nirmatrelvir-ritonavir or molnupiravir) versus no antiviral
treatment (control) on 30-day in-hospital mortality and length
of stay, across various conditions of organ dysfunction.
Eligibility Criteria

The cohort selection is detailed in Figure S1 in Multi-
media Appendix 1. Eligible patients were those aged 18
years and older with a diagnosis of COVID-19, identified
using ICD-9-CM code 519.8(8). Patients admitted between
February 22, 2022, and June 30, 2023, were included in the
study. The baseline time was defined as the date of hospital
admission. To meet the culture-negative criteria, patients had
to have at least one blood culture record during admission.
Within the first 21 days of admission, no organism should
have been identified from the culture, or only “negative
organisms” should have been considered irrelevant to the
viral infection course, as defined in Table S1 in Multimedia
Appendix 1. Only patients who were culture-negative were
included. As the study focus is on sepsis, other cultures, such
as sputum culture, were not used to fulfill the culture-negative
criteria; moreover, viral co-infections were not excluded, as
they are within the scope of the study.

Organ Dysfunction

Patients were categorized into one of 6 organ dysfunction
groups (circulatory shock, respiratory failure, acute kidney
injury, acute liver impairment, coagulopathy, composite
organ dysfunction) based on the presence of organ dysfunc-
tion within the first 3 days of admission, as defined in Table
S2 in Multimedia Appendix 1. These groups use the same
method used to identify organ dysfunction according to the
Hospital Toolkit for Adult Sepsis Surveillance released by the
US Center for Disease Control and Prevention [19]. Patients
without any organ dysfunction during the entire follow-up
period and without death in the first 3 days of hospitalization
were categorized into the no organ dysfunction group, which
represents COVID-19 patients with mild to moderate illness
severity.
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Exposure

The study examined the treatment strategy of using antivi-
rals versus not using antivirals. Specifically, there were two
primary anti-exposure interests: (1) nirmatrelvir-ritonavir and
(2) molnupiravir. Each antiviral group was compared with
a control group consisting of patients who did not receive
any antiviral treatment during their hospital stay. We used a
new-user design, including only patients who had received
antiviral treatment within the 3 days of admission [20],
and excluded those who began antiviral treatment before
admission. Controls were defined as patients who did not use
antivirals at any point during the study period. To ensure the
selection of new users, we included only patients who had
not received antivirals within 7 days prior to admission and
excluded those concurrently using both antivirals.

Follow-Up Period and Outcomes

Patients were followed until one of the following events
occurred: death, discharge, or 28 days after admission. The
primary outcome of interest was in-hospital mortality and
length of stay, defined by the time difference between the
date of admission and the end of follow-up.

Covariates

Baseline covariates included: age, sex, residency in care
homes for older people, health status over the past 2 years as
indicated by the Charlson Comorbidity Index, prior antibi-
otic use, the calendar year and month of COVID-19 diag-
nosis, and socioeconomic status as indicated by the Social
Deprivation Index (SDI) of their residential address [21,22].
An SDI quartile of Q4 indicated the most deprived, while
QI indicated the least deprived. To account for evolving
COVID-19 characteristics due to emerging variants, the
month of admission was included in the propensity score
model. Patients with missing data were excluded from
analyses.

Statistical Analysis

We hypothesized that antiviral use (nirmatrelvir-ritonavir or
molnupiravir) would be associated with a decreased risk
of mortality and a shorter length of stay compared with
no antiviral use. Propensity score matching was used to
balance baseline characteristics among the groups, using a
1:2 ratio with the nearest neighbor algorithm. A caliper
width of 0.2 was chosen to optimize matching [23]. Covari-
ate balance postmatching was evaluated using standardized
mean differences (SMD), with a SMD value <0.2 considered
indicative of balance. Descriptive statistics were reported as
mean (SD) and count (percentage [%]) wherever appropri-
ate. Estimates for in-hospital mortality were presented as
hazard ratios (HR) with 95% ClIs, derived from a univariate
Cox proportional hazards model. The proportional hazards
assumption was tested using the Schoenfeld Residual test,
which confirmed that the assumption was met. Length of stay
estimates were expressed as mean difference with 95% CI.
Absolute risk difference, reported as percentages (%) with
95% CI, is calculated as the difference between absolute
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risks of antiviral and control groups, which are individually
calculated as (number of events / number of patients x 100%).

Additionally, 2 sensitivity analyses were conducted:
excluding patients who received adjuvant therapies such as
remdesivir, interferon-beta 1b, tocilizumab, baricitinib, and
plasma infusions during hospitalization; and a landmark
analysis of in-hospital mortality on the 3rd day of admission.

All analyses were performed using R (version 44.1; R
Foundation for Statistical Computing). All tests were 2-tailed,
and a P value <.05 was considered statistically significant.
Generative artificial intelligence was not used in any portion
of the composition of the manuscript.

Ethical Considerations

This study received approval from the Hospital Authority
Hong Kong West Cluster/The University of Hong Kong
Institutional Review Board (UW 20-112) and was carried out
in accordance with the Helsinki Declaration. The requirement
for obtaining informed consent from patients was waived
by the institutional review board, as all patient data collec-
tion and extraction was anonymized. No compensation was
received for human participants’ research, and no identifi-
cation of individual participants is possible in the study
materials.

Results

Study Population

Following the exclusion of patients who did not meet the
culture-negative criteria or fit within defined organ dysfunc-
tion groups, our analysis encompassed 15,599 patients (Table
1). The mean age of the cohort was 75.10 (SD 15.86) years.
Among those identified with organ dysfunction, 511 patients
experienced circulatory shock, 5236 had respiratory failure,
1053 had acute kidney injury, 880 had coagulopathy, and
162 exhibited acute liver impairment. Notably, respiratory
failure frequently co-occurred with other organ dysfunctions,
manifesting in 386 patients (76.1%) with circulatory shock,
632 (60.5%) patients with acute kidney injury, 521 (59.5%)
patients with coagulopathy, and 76 (46.9%) patients with
acute liver impairment. A total of 5695 patients had at least
one type of organ dysfunction upon admission, classifying
them under the composite organ dysfunction group.
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Propensity Score Matching

To ensure comparability between treatment groups, propen-
sity score matching was conducted, resulting in 14 well-
balanced cohorts, with all matched variables achieving
an SMD of less than 0.2. The distribution of propensity
score postmatching is depicted in Figure S2 in Multimedia
Appendix 1.

In-Hospital Mortality

In-hospital mortality data, along with cohort sizes and death
counts across comparator groups, are detailed in Table 2.
Antiviral use was associated with significantly decreased
mortality in patients without organ dysfunction, for both
nirmatrelvir-ritonavir (HR 0.17, 95% CI 0.05-0.56) and
molnupiravir (HR 0.29, 95% CI 0.15-0.56). Molnupiravir
was associated with a significantly reduced mortality hazard
(HR 0.75, 95% CI 0.58-0.96) among patients with compo-
site organ dysfunction, and a marginally significant reduc-
tion (HR 0.69, 95% CI 0.46-1.02) among patients with
respiratory failures. Nirmatrelvir-ritonavir was also associated
with reduced absolute mortality risk among patients with
respiratory failure (absolute risk difference: 9.5%, 95% CI
6.26%-12.72%) and composite organ dysfunction (absolute
risk difference: 6.0%, 95% CI 3.18%-8.91%). In other
subgroups of patients with individual organ dysfunction, the
reductions in mortality were not statistically significant and
had wide ClIs.
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Length of Stay

Our analysis demonstrated that the use of both nirmatrelvir-
ritonavir and molnupiravir was associated with a reduced
length of hospital stay for patients with various types of organ
dysfunction at admission, detailed in Table 3. Specifically,
nirmatrelvir-ritonavir significantly reduced the length of stay
in patients with respiratory failure by an average (mean) of
3.37 (95% CI 2.32-4.42) days; acute kidney injury by 7.25

Lee et al

(95% CI 2.97-11.52) days; coagulopathy by 7.04 (95% CI
2.44-11.64) days, and in those without organ dysfunction by
3.52 (95% CI 2.99-4.05) days. Additionally, it reduced the
length of stay by 3.97 days in patients with composite organ
dysfunction (95% CI 2.77-5.17). However, no significant
reduction was observed in patients with circulatory shock
(2.23,95% CI —4.54 to 9.00 days) and acute liver impairment
(5.16,95% CI -0.96 to 11.28 days).

Table 3. Length of stay (days) grouped by organ dysfunction and use of antiviral medication.

Treatment Antiviral, mean (SD)

Control, mean (SD) Mean difference (95% CI)

Nirmatrelvir-ritonavir

Circulatory shock 14.74 (16.26)
Respiratory failure 7.73 (8.62)
Acute kidney injury 16.87 (12.58)
Coagulopathy 17.84 (13.7)
Acute liver impairment 10.57 (8.36)
No organ dysfunction 4.40 (4.17)
Composite organ dysfunction 105(11.2)

Molnupiravir

18.21 (22.53)
11.18 (11.26)
19.19 (17.53)

Circulatory shock
Respiratory failure

Acute kidney injury

Coagulopathy 19.36 (16.94)
Acute liver impairment 11.04 (7.85)
No organ dysfunction 5.82(5.93)
Composite organ dysfunction 14.6 (14.9)

16.97 (15.66)
11.1 (11.46)
24.12 (22.3)
24.88 (23.96)
15.73 (10.22)

2.23 (-4.54 10 9.00)
337 (2.32 to 4.42)

725297 to 11.52)
7.04 (244 to 11.64)
5.16 (<0.96 to 11.28)

7.92 (10.18) 3.52 (2.99 to 4.05)?
14.5 (17.0) 3.97 (277 to 5.17)
14.74 (14.86) ~347 (-12.07 to 5.14)
11.07 (10.8) -0.12 (-1.60 to 1.36)
25.92 (24.03) 6.73 (239 to 11.08)?

25.04 (23.34)
16.23 (13.82)

8.09 (9.99)
15.1 (17.9)

5.68 (1.20 to 10.16)?
5.19 (=0.14 to 10.52)

227 (1720 2.81)
0.47 (=106 t0 2.01)

#Denotes statistically significant. Nirmatrelvir-ritonavir reduced length of stay in respiratory failure, acute kidney injury; while molnupiravir reduced

length of stay in acute kidney injury and coagulopathy.

Molnupiravir also showed a significant reduction in the length
of stay for patients with acute kidney injury by an average
(mean) of 6.7 (95% CI 2.39-11.08) days, coagulopathy by
5.68 (95% CI 1.20-10.16) days, and in those without organ
dysfunction by 2.27 (95% CI 1.72-2.81) days. However,
no significant reduction was observed for circulatory shock
(=347, 95% CI -12.07 to 5.14 days), respiratory failure
(-0.12, 95% CI -1.60 to 1.36 days), acute liver impairment
(5.19, 95% CI -0.14 to 10.52 days), or composite organ
dysfunction (0.47,95% CI —1.06 to 2.01 days).

Sensitivity Analysis

Results excluding patients who received adjuvant therapy are
described in Tables S3 and S4 in Multimedia Appendix 1.

The sensitivity analysis revealed reduced mortality
associated with nirmatrelvir-ritonavir in respiratory failure
(absolute risk difference: 8.3%, 95% CI 2.4%-14.2%) and
molnupiravir use in patients with coagulopathy (absolute risk
difference: 13.0%, 95% CI 2.2%-23.8%). Consistent with the
main analysis, both antivirals were associated with decreased
mortality in patients without organ dysfunction and composite
organ dysfunction.

https://publichealth.jmir.org/2025/1/e72124

Nirmatrelvir-ritonavir use was associated with a decreased
length of stay in patients with respiratory failure by an
average of 8.4 (95% CI 5.1-11.7) days, acute kidney injury
by 11.6 (95% CI 4.1-19.1) days, coagulopathy by 12.8 (95%
CI 4.7-20.9) days, and those without organ dysfunction by 3.7
(95% CI 3.1-4.3) days. Molnupiravir was associated with a
decreased length of stay in patients with acute kidney injury
by an average of 8.1 (95% CI 1.5-14.7) days, coagulopathy
by 7.8 (95% CI 0.2-154) days, and those without organ
dysfunction by 2.2 (95% CI 0.5-6.2) days. Nirmatrelvir-rito-
navir was associated with decreased length of stay in patients
with composite organ dysfunction by an average of 9.8 (95%
CI 7.3-12.2) days, while molnupiravir was associated with an
average reduction of 3.4 (95% CI, 0.5-6.2) days in the length
of stay among patients with composite organ dysfunction.

Results of the landmark analysis 3 days after hospitali-
zation are available in Table S5 in Multimedia Appendix
1. Consistent with the main analysis, nirmatrelvir-ritonavir
was associated with decreased mortality in respiratory failure
(HR 0.43, 95% CI 0.22-0.82) and composite organ dysfunc-
tion (HR 042, 95% CI 0.22-0.80), as well as lower risk
of circulatory shock (absolute risk difference: 13.7%, 95%
CI 3.1-24.4). Molnupiravir was similarly associated with
decreased mortality in respiratory failure (HR 0.19, 95% CI
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0.08-0.47) and composite organ dysfunction (HR 0.19, 95%
CI10.08-0.48).

Discussion

Principal Findings

In our study of patients diagnosed with culture-negative viral
sepsis, antiviral use was associated with reduced mortality
among those without any organ dysfunction, with respiratory
failure, or with composite organ dysfunction. The stron-
gest reduction in mortality was observed among patients
without any organ dysfunction. The use of these antivirals
was associated with reduced length of stay across most
types of organ dysfunction, except for circulatory shock and
acute liver impairment. Importantly, the decreased length of
stay was consistent regardless of whether patients received
adjuvant therapies including remdesivir, interferon-beta 1b,
tocilizumab, baricitinib, or plasma infusions. These findings
build on our recent research using an inverse probability
weighting approach to evaluate the impact of antivirals in
preventing the onset of new organ dysfunction [24].

Our results are in line with previous studies that have
investigated the utility of treating COVID-19-associated
organ dysfunction. For patients hospitalized with COVID-19,
both nirmatrelvir-ritonavir and molnupiravir have been
associated with a decreased risk of developing new organ
dysfunctions, such as circulatory shock and respiratory failure
[24]. Additionally, earlier research has shown that antivirals
can reduce the length of hospital stay and accelerate viral
clearance times [17,25,26].

The 2021 Surviving Sepsis Campaign COVID-19
guideline did not provide specific recommendations for
the newly introduced nirmatrelvir-ritonavir and molnupira-
vir [14]. They did recommend intravenous remdesivir due
to its ability to reduce hospital stay and shorten time to
clinical recovery, although it did not reduce mortality benefit
across different disease severity strata [27]. In our study, the
antivirals nirmatrelvir-ritonavir and molnupiravir showed a
mortality benefit for those with mild to moderate disease,
with stronger effects in patients without presenting organ
dysfunction.

The Infectious Diseases Society of America Guidelines on
the Treatment and Management of Patients with COVID-19
advocate for the timely administration of antivirals, including
nirmatrelvir-ritonavir and molnupiravir, within 5 to 7 days

Lee et al

of symptom onset [15]. This period is deemed most
effective due to high viral load and immature immune
response characteristic of early infection. These antivirals
are specifically recommended for patients with mild to
moderate COVID-19 [28,29]. However, many patients are
admitted with pre-existing organ dysfunction, indicative of
an excessive inflammatory response typical of moderate
to severe disease, where the efficacy of antivirals dimin-
ishes. Our findings highlight that organ dysfunction consti-
tutes a significant proportion of COVID-19 inpatient deaths.
While anti-inflammatory treatments, such as corticosteroids
or tocilizumab, are recommended for critically ill COVID-19
patients [14], our data suggest that antivirals still have clinical
utility by reducing the length of hospital stay and hastening
recovery.

For patients with suspected sepsis but unconfirmed
infection, it is recommended to consider alternative diagnoses
and the discontinuation of antibiotics [14]. Given the high
prevalence of COVID-19, particularly among older adults,
it is crucial to consider COVID-19 as a potential source of
sepsis when bacterial, parasitic, or fungal causes of infection
are not established.

This study has several limitations. First, the study did not
account for the varying severity of organ dysfunction due to
the heterogeneous clinical presentation of sepsis in undiffer-
entiated COVID-19 patients. It is plausible that antivirals
could demonstrate a mortality benefit in patients with mild
organ dysfunction. Second, the study assumed that all patients
initiated on antivirals completed the full course of treatment.
Thirdly, this study excluded patients who did not have blood
culture records and those with positive blood culture records;
thus, the results may not be generalizable to all COVID-19
inpatients. Last, COVID-19 diagnoses were identified from
ICD-9 codes. Nevertheless, CDARS has previously demon-
strated high coding accuracy and data completeness in prior
studies [30,31].

Conclusion

Using electronic health data representative of Hong Kong
residents, we investigated the effect of nirmatrelvir-ritona-
vir and molnupiravir on reducing mortality and hospital
stay among patients with or without early-onset organ
failures. Their association with reduced mortality and hospital
stay underscores their potential role in expediting clinical
recovery.
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