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ABSTRACT

Nirmatrelvir-ritonavir (NMV-r) has been widely used to treat coronavirus disease 2019 (COVID-19) for a standard period of
5-days. However, there are increasing reports of patients with persistent severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) positivity after the standard 5-day course of NMV-r treatment. Moreover, the clinical characteristics of these
patients and the efficacy of extending NMV-r treatment duration are not fully understood. We conducted a prospective study
involving hospitalized patients with COVID-19. In total, 310 patients were included: 133 with SARS-CoV-2 RNA positivity after
completion of the standard course of NMV-r (positive group) and 177 without SARS-CoV-2 positivity (negative group). A subset
of patients (n = 37) in the positive group extended the treatment with NMV-r. Patients in the positive group had higher severity
scores, neutrophil counts, lactate dehydrogenase levels, and viral loads at admission. Following the standard 5-day NMV-r
course, the positive group showed a significantly increased risk of composite disease progression outcomes (hazard ratio [HR]
3.35, 95% confidence interval [CI]: 2.07-5.44; p <0.0001). This group also demonstrated higher risks of 28-day all-cause
mortality, initiation of invasive mechanical ventilation, intensive care unit (ICU) admission and prolonged hospitalization.
However, no significant differences in clinical outcomes were observed between the standard and the extended treatment
groups in the unadjusted analysis. After adjustment for baseline characteristics, the extended treatment group demonstrated
significantly better outcomes compared with the standard treatment group. Specifically, the extended treatment group had
lower rates of composite disease progression (HR: 0.39, 95% CI: 0.20-0.79; p = 0.009), invasive mechanical ventilation (HR: 0.24,
95% CI: 0.08-0.73; p=0.01), and ICU admission (HR: 0.15, 95% CI: 0.02-0.94; p = 0.04), along with a shorter length of hospital

Abbreviations: CI, confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio; ICU, intensive care unit; IMV, invasive mechanical ventilation; LOS, length of stay; NMV-r,
nirmatrelvir-ritonavir; PSM, propensity score matching; RR, relative risk; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
SMD, standardized mean difference..
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stay (HR: —13.54, 95% CI: —26.01 to —1.07; p = 0.033). SARS-CoV-2 positivity after NMV-r treatment is common and associated
with worse clinical outcomes. Extending NMV-r therapy may reduce disease progression risk; this finding requires confirmation

in future studies.

1 | Background

Since the end of 2019, there have been over 770 million con-
firmed cases of coronavirus disease 2019 (COVID-19) worldwide
and more than 7 million COVID-19-related deaths [1].
Nirmatrelvir-ritonavir (NMV-r) has been approved for the treat-
ment of patients with mild-to-moderate COVID-19 who exhibit a
high risk of progression to severe disease [2]. Previous studies
have demonstrated that NMV-r treatment can reduce the risk of
hospitalization or death and decrease viral load in high-risk
outpatient cases of COVID-19 [3]. However, there have been
reports of persistent severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) positivity despite completion of a 5-day
course of NMV-r [4-6]. A large community surveillance study
estimated that 0.1%-0.5% of COVID-19 patients might develop
persistent infections, characterized by high viral loads lasting up
to 60 days [7]. Persistent SARS-CoV-2 infection can permit viral
mutations that may lead to immune escape, drug resistance, and
future outbreaks [8-10]. Additionally, long-term infection
increases the risk of long COVID and may contribute to its
pathogenesis [11]. Thus, there is a need to investigate the clinical
characteristics of patients with persistent infections and optimize
antiviral treatment for such patients.

Previous studies have identified risk factors for persistent SARS-
CoV-2 infection, including host comorbidities, virologic factors,
and immunocompromised status [12]. Prolonged viral shedding
is most common in immunocompromised individuals. A study
of 382 hematology patients showed that lymphocytopenia, anti-
CD20 antibody treatment within 1 year, and cellular therapy
(including hematopoietic stem cell transplantation within
1 year) were independent predictors of prolonged detection of
SARS-CoV-2 RNA [13]. Furthermore, underlying diseases (e.g.,
diabetes, hypertension, chronic kidney disease, chronic pul-
monary disease, and obesity), unvaccinated status, and anti-
biotic treatment constitute risk factors for persistent infection
[14, 15]. However, the risk factors for viral persistence in the
general population after NMV-r treatment, as well as the impact
of viral persistence on clinical outcomes, remain unclear.

Considering the emergence of persistent infection after a 5-day
course of NMV-r, the potential prognostic benefit of extending
NMV-r treatment duration warrants investigation. Several case
reports have shown that extended courses of NMV-r can
effectively manage persistent infection [16, 17]. However, no
cohort studies have evaluated the efficacy of extended NMV-r
treatment in patients with persistent SARS-CoV-2 positivity,
and the optimal duration of antiviral therapy for persistent
infection remains unknown.

Therefore, we conducted a prospective study to investigate the
clinical characteristics and outcomes of patients with persistent
SARS-CoV-2 positivity after standard NMV-r treatment, as well
as the efficacy of extended NMV-r treatment in these patients.

2 | Methods

21 | Study Design

This study included patients diagnosed with SARS-CoV-2 infec-
tion between October 1, 2022, and December 31, 2023, who were
admitted to Beijing Chao-Yang Hospital. Inclusion criteria were
age > 18 years, laboratory confirmation of COVID-19 at admis-
sion, and receipt of a 5-day course of NMV-r treatment. The
exclusion criteria were receipt of other antiviral regimens (e.g.,
azvudine or molnupiravir), absence of reverse transcription
polymerase chain reaction (RT-PCR) data regarding SARS-CoV-2
after 5 days of NMV-r treatment, and refusal to participate in
follow-up visits. Eligible patients were divided into two groups:
those with SARS-CoV-2 positivity and those with SARS-CoV-2
negativity after the standard 5-day course of NMV-r treatment.
The hospital ethics committee approved this study protocol
(2021-KE-500).

2.2 | Group Definitions

Each enrolled patient underwent nucleic acid testing at least
twice: once before initiating NMV-r therapy, and once after
completing the standard 5-day course. The second test was used
to determine whether SARS-CoV-2 RNA remained detectable.
Patients were divided into a positive group and a negative
group. The positive group was defined as patients exhibiting
SARS-CoV-2 RNA (cycle threshold [Ct] value < 35) after 5 days
of NMV-r treatment. The negative group was defined as patients
exhibiting SARS-CoV-2 negativity. The positive group was fur-
ther divided into an extended-course treatment group (received
NMV-r for > 5 days) and a standard-course treatment group
(received NMV-r for 5 days).

2.3 | Data Collection and Follow-Up

Data were collected from the patient data management system,
including baseline variables such as demographics, medica-
tions, symptom onset, severity scores at admission, and labo-
ratory parameters. Symptoms included dry throat, sore throat,
cough, fever, muscle aches, reduction or loss of smell and taste,
nasal congestion, rhinorrhea, diarrhea, conjunctivitis, and
dyspnea. We used a modified six-point ordinal scale to assess
COVID-19 severity at admission: 1, not hospitalized; 2, hospi-
talized but not requiring supplemental oxygen; 3, hospitalized
and receiving supplemental oxygen; 4, hospitalized and
receiving high-flow nasal cannula oxygen therapy or non-
invasive ventilation; 5, hospitalized and receiving mechanical
ventilation; and 6, death [18]. This study included patients with
COVID-19 severity scores ranging from 2 to 5. Clinical out-
comes such as all-cause mortality, initiation of invasive
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mechanical ventilation (IMV), intensive care unit (ICU)
admission, and length of stay (LOS) were also collected.

Clinical data were collected within 28 days of patient admission.
For patients discharged before 28 days, follow-up was con-
ducted via telephone to obtain baseline variables and outcomes
information.

2.4 | Outcomes

The primary outcome was a composite of disease progression
outcomes within 28 days (all-cause mortality, initiation of IMV,
or ICU admission). Secondary outcomes included 28-day all-
cause mortality, initiation of IMV, ICU admission, and LOS,
these were the individual components of the composite primary
outcome.

2.5 | Statistical Analysis

Categorical variables were expressed as frequencies (percentages);
continuous variables were expressed as means (plus standard
deviations). Propensity score matching (PSM) at a 1:1 ratio was
used to adjust for confounding factors and between-group differ-
ences. Hazard ratios (HRs) with 95% confidence intervals (CIs)
were calculated to assess the risk of composite of disease pro-
gression outcomes. Cox proportional hazards models were

established to estimate HRs and 95% CIs when comparing the
rates of composite disease progression outcome and each indi-
vidual disease progression outcome between the positive and
negative groups. The regression models were also utilized to
compare rates within the extended NMV-r treatment group.
Multivariable linear regression was used to compare LOS among
the groups. The threshold for statistical significance was set at
p <0.05. Statistical analyses were performed using R software
(version 4.2.0).

3 | Results

3.1 | Patient Characteristics

In total, 1713 hospitalized patients with COVID-19 were
screened for inclusion in the study; 877 of these patients
received NMV-r. Following the exclusion of patients who
received other antiviral medications, lacked RT-PCR Ct values
after treatment, refused to attend follow-up visits, or had
incomplete laboratory test results, 310 eligible patients
remained: 177 in the negative group and 133 in the positive
group after the standard 5-day course of NMV-r (Figure 1).

The baseline characteristics of negative and positive patients
after the 5-day course of NMV-r are summarized in Table 1. The
median time intervals between the second nucleic acid test and
the first day of NMV-r administration were 5.97 days (5.68, 7.97)

Hospitalized patients with COVID-19
between November 2022 and December 2023 (n = 1713)

|

Patients receiving nirmatrelvir—ritonavir
during admission (n = 877)

480 excluded
* Received other anti-virus drugs (n=11)

*  Without the result of RT-PCR Ct value
after treatment (n = 469)

Nirmatrelvir—ritonavir recipients (n = 397)

87 excluded

» Refused to attend follow-up visit (n=85)
»  Without laboratory tests (n=2)

Negative group
(n=177)

Positive group
(n=133)

|

(n=37)

Extended-course treatment group

Standard-course treatment group
(n=96)

FIGURE 1 | Flow chart of study selection protocol.
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(Continued)

TABLE 1

After PSM

Positive group

Before PSM

Negative group

Positive group

Negative group

SMD 95% CI

95)

(n
4.8 (3.5, 7.9)
0.65 (0.39, 1.08)

95)

(n
5.2 (3.2, 8.0)

0.90 (0.55, 1.33)

p value

95% CI

MD

S

(n=133)
5.7 (3.8, 8.6)
0.58 (0.36, 1.02)

=177)

(n
4.4 (3.0, 6.9)

1.02 (0.65, 1.47)

Characteristic

—0.18, 0.39
0.01, 0.59

0.10
0.30

—0.52, —0.06 0.003

—0.29

Neutrophils, x 10°/L

< 0.001

—0.22, 0.23

0.00

Lymphocyte, x 10°/L

—0.19, 0.38

0.09
0.18

124 (112, 134)

124 (116, 136)

0.842

—0.19, 0.26

0.04

123 (110, 133)

123 (110, 133)

Hemoglobin, g/L

—0.11, 0.46

183 (133, 249)

0.374 202 (149, 234)

—0.07, 0.38

0.15

182 (133, 244)

195 (141, 233)

Platelet, x 10°/L

—0.39, 0.22

—0.09

296 (221, 410)

< 0.001 252 (202, 326)

—0.59, —0.10

—0.35

323 (236, 464)

241 (192, 295)

Lactate dehydrogenase, U/L

Note: Data are presented as median (IQR) or n (%).

Abbreviations: BMI, body mass index; CI, confidence interval; PSM, propensity score matching; RT-PCR Ct value, quantitative reverse transcription polymerase chain reaction cycle threshold value; SMD, standardized mean difference.

#Data available for 146 patients.
®Data available for 79 patients.

“Data available for 71 patients.

9Data available for 60 patients.

in the positive group and 5.92 days (5.04, 7.97) in the negative
group. Positive patients had a higher incidence of cerebro-
vascular disease, as well as greater prevalences of treatment
with antibiotics and systemic steroids. They also had a longer
time from symptom onset to medical consultation, higher
severity scores at admission (indicating greater oxygen
requirements), higher levels of neutrophils and lactate
dehydrogenase, lower RT-PCR Ct values, and lower lymphocyte
counts compared with negative patients. In the PSM cohort of
95 patients from each group, clinical characteristics were con-
sidered unbalanced between groups when the standardized
mean difference (SMD) exceeded 10% (Table 1). After PSM
adjustment, there were no significant differences in the pre-
valences of treatment with antibiotics or systemic steroids, time
from symptom onset to medical consultation, severity scores at
admission, or lactate dehydrogenase levels between the two
groups.

3.2 | Outcomes After Standard NMV-r Treatment

As shown in Figure 2, 28-day composite disease progression
was 39.1% (52/133) in the positive group and 13.6% (24/177) in
the negative group. SARS-CoV-2 positivity was associated with
a significantly higher risk of the composite disease progression
outcome compared with SARS-CoV-2 negativity (HR: 3.35, 95%
CI: 2.07-5.44; p < 0.0001). A similar result was observed in the
PSM analysis (Supporting Information S1: Table S1).

In terms of secondary outcomes, SARS-CoV-2 positivity was
significantly associated with higher risks of the 28-day all-cause
mortality, initiation of IMV, and ICU admission compared with
SARS-CoV-2 negativity (Figure 2). After adjustment for cov-
ariates using PSM, the difference in 28-day all-cause mortality
remained statistically significant. LOS was also significantly
longer in the positive group than in the negative group in both
the unadjusted analysis (HR: 6.22, 95% CI: 3.14-9.3; p < 0.001)
and the PSM analysis (HR: 5.59, 95% CIL: 1.5-9.67; p <0.01)
(Supporting Information S1: Table S1).

3.3 | Extended and Standard NMV-r Treatment

To investigate the efficacy of extended NMV-r treatment in
patients with persistent SARS-CoV-2 infection, the positive
group was further divided into extended treatment (n = 37) and
standard treatment (n=96) groups (Figure 1). All patients
displayed SARS-CoV-2 positivity after the initial 5-day course of
NMV-r. The median time intervals between the second nucleic
acid test and the first day of NMV-r administration were 5.86
(5.59, 7.75) days in the extended treatment group and 6.59 (5.68,
7.98) days in the standard treatment group. Unadjusted and
adjusted baseline characteristics are summarized in Supporting
Information S1: Table S2. The 28-day composite disease pro-
gression rates were 27.03% (10/37) in the extended treatment
group and 43.75% (42/96) in the standard treatment group
(HR: 0.51, 95% CI: 0.26-1.03; p=0.06) (Figure 2). In the
unadjusted analysis, no significant differences were observed
between the two groups in either the primary or secondary
outcomes. After PSM adjustment for covariates, the extended
treatment group showed significantly lower rates of composite
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disease progression within 28 days (HR: 0.39, 95% CI: 0.20-0.79;
p =0.009), IMV (HR: 0.24, 95% CI: 0.08-0.73; p = 0.01) and ICU
admission (HR: 0.15, 95% CI: 0.02-0.94; p = 0.04), along with a
shorter LOS (HR: —13.54, 95% CI: —26.01 to —1.07; p =0.033)
relative to the standard treatment group (Supporting Informa-
tion S1: Table S1).

4 | Discussion

The widespread use of NMV-r has led to concerns about per-
sistent SARS-CoV-2 infection. Evidence suggests that replicative
virus can persist in the body for several months after COVID-19
onset, and this persistence has been linked to an increased risk
of long COVID [7]. Moreover, prolonged infection is associated
with elevated 6-month mortality and the development of
delirium [19]. Numerous studies have identified hematologic
malignancies as a risk factor for persistent SARS-CoV-2 infec-
tion. Additionally, lymphocytopenia, anti-CD20 antibody
treatment within the previous 12 months, and recent cellular
therapy (e.g., hematopoietic stem cell transplantation in the
preceding 1 year) constitute risk factors for reduced viral
clearance, prolonged hospitalization, and death [4, 5, 13].
However, the characteristics of patients with persistent SARS-
CoV-2 infection in the general population, as well as the opti-
mal treatment for such patients, remain unclear. The present
study aimed to address this knowledge gap by exploring clinical
characteristics and treatment options in the broader population.
Our findings indicate that SARS-CoV-2 RNA positivity after
NMV-r treatment is common and associated with worse clinical
outcomes. Furthermore, extended NMV-r treatment may help
reduce the risk of disease progression.

We identified several baseline differences between the positive
and negative groups after NMV-r treatment. Upon admission,
patients in the positive group had higher severity scores, elevated
neutrophil counts, increased lactate dehydrogenase levels, and
higher viral loads. Previous studies have indicated that male sex,
various comorbidities, and severe disease are risk factors for
prolonged viral clearance time [15, 20]. In our study, although
the sex ratio did not significantly differ between groups, patients
in the positive group exhibited higher COVID-19 severity scores
and lower RT-PCR Ct values at admission. A retrospective study
of 2938 patients with laboratory-confirmed COVID-19 showed a
higher incidence of prolonged infection in severe or critically ill
patients than in patients with non-severe disease [15]. In terms of
underlying diseases, we only found a between-group difference
in the rate of cerebrovascular disease, consistent with previous
reports [21]. Immunocompromised status is considered a risk
factor for persistent infection. We observed a higher prevalence
of systemic steroid use in the positive group; corticosteroid ex-
posure has been identified as an independent predictor of pro-
longed infection [15, 19]. However, we did not find differences in
the rates of autoimmune disease, cancer, or organ transplanta-
tion between groups. The absence of such differences may be due
to the small sample sizes and low numbers of patients with
immunocompromised status in both groups; our findings war-
rant further investigation in larger studies.

Regarding treatment, the positive group had a higher preva-
lence of antibiotic use. This association between antibiotic

treatment and SARS-CoV-2 shedding duration may be related to
the bacterial co-infections common in patients with severe
COVID-19, which could affect viral clearance [14]. Additionally,
patients in the positive group experienced a longer interval from
symptom onset to medical consultation, emphasizing the
importance of timely antiviral treatment. In an observational
cohort study of high-risk patients with mild-to-moderate
COVID-19, Li et al. found that 42% of patients showed sus-
tained viral shedding when NMV-r was administered more than
5 days of symptom onset; this proportion increased to 89.7%
when treatment was initiated within 5 days after symptom
onset. Their findings underscore the importance of timely an-
tiviral treatment in achieving SARS-CoV-2 clearance [22].

Lymphocytopenia, neutrophilia and immune cell dysfunction are
typical immunopathological characteristics associated with severe
COVID-19 [23, 24]. Our results showed that the positive group had
higher levels of neutrophils and lactate dehydrogenase, along with
lower lymphocyte counts, at admission. A study of 103 cancer
patients demonstrated that impaired humoral immunity and al-
tered T cell responses contributed to prolonged SARS-CoV-2
shedding, highlighting the role of immune cells in achieving viral
clearance [25].

In 2024, Sien et al. published a meta-analysis of 32 studies,
demonstrating that NMV-r significantly reduced the risks of
mortality, hospitalization, hospitalization and/or mortality, and
disease progression. These results confirmed that NMV-r is
protective against outcomes associated with severe COVID-19
[26]. A previous study also showed that, compared with the
control group, patients receiving NMV-r had lower rates of all-
cause mortality, composite disease progression, and need for
oxygen therapy [27]. To date, no studies have compared clinical
outcomes between patients who maintain SARS-CoV-2 posi-
tivity and those with SARS-CoV-2 negativity after NMV-r
treatment. Our study showed that the 28-day composite disease
progression rate was significantly higher among patients who
maintained SARS-CoV-2 positivity after standard NMV-r treat-
ment. These patients also showed increased risks of 28-day all-
cause mortality, initiation of IMV, ICU admission and pro-
longed hospitalization. Considering the worse prognosis in this
population, the patients who maintain SARS-CoV-2 positivity
after completing the standard course of antiviral therapy war-
rant closer monitoring and further clinical attention.

Notably, the clinical efficacy of extending NMV-r treatment for
patients with persistent SARS-CoV-2 positivity warrants further
investigation. Although a few studies have reported the success
of extended NMV-r treatment in these patients [6, 17, 28], the
effectiveness of this approach in the broader population remains
unexplored. In our study, PSM analysis showed that, compared
with standard treatment, extended NMV-r treatment reduced the
rate of 28-day composite disease progression, initiation of IMV
and ICU admission among patients with SARS-CoV-2 positivity,
suggesting that extended NMV-r therapy is beneficial in this
population. Moreover, extended treatment led to a shorter LOS,
which may alleviate the economic burden on patients and
medical burden on healthcare systems. However, we observed no
differences in the crude analysis. Although some evidence sug-
gests that long-term viral infection itself does not rapidly increase
mutation rates, treatment-induced selection pressure may
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contribute to a higher number of mutations [29]. Viral mutations
during persistent SARS-CoV-2 infection can lead to immune
evasion and drug resistance [30]. Our observations indicate that
NMV-r can effectively reduce the likelihood of severe outcomes
in patients with persistent SARS-CoV-2 positivity. However, in
immunocompromised patients with uncontrolled viral replica-
tion, the risk of reduced drug efficacy due to viral mutations
may increase [12]. One case report described an immuno-
compromised lymphoma patient undergoing B-cell-depleting
treatment who became infected with SARS-CoV-2; the E166V/
L50V mutation in SARS-CoV-2 arose after the patient had
received prolonged NMV-r treatment, leading to clinical and
virological treatment failure [31]. Therefore, caution is warranted
when extending the duration of antiviral drug use in patients
with potential immune dysfunction.

To our knowledge, this is the first cohort study to observe the
clinical characteristics of patients with SARS-CoV-2 positivity
after NMV-r treatment and to assess the impact of extended
NMV-r treatment in such patients. Our results may provide
valuable insights for antiviral therapy. However, several limi-
tations should be considered. First, this study used a single-
center design. Although we adjusted for multiple potential
confounders, inherent biases may remain. Second, the sample
size was relatively small, precluding subgroup analyses to
identify specific patients who might benefit from extended
NMV-r therapy. Third, we did not analyze the incidence of
adverse reactions in patients receiving extended treatment. The
Protease Inhibition for COVID-19 in postexposure Prophylaxis
(EPIC-PEP) study showed that safety profiles were similar for
patients receiving NMV-r for 5 or 10 days [32]. Finally, due to
the lack of data regarding recurrent COVID-19 symptoms and
repeated nucleic acid testing, relapses after NMV-r treatment
require confirmation in future large prospective cohort studies.

5 | Conclusions

Our findings indicate that persistent SARS-CoV-2 positivity
after NMV-r treatment is common in the general population;
patients in the positive group exhibit specific clinical char-
acteristics and worse outcomes. Extended NMV-r treatment
may prevent composite disease progression in these patients.
This possibility warrants further exploration in large-scale
prospective randomized controlled trials.

Author Contributions

Data collection: H.Q.Y., L.Y.G., Y.X,, ZJ.Z., LJ.G., H.F.Z., HM.M., and
X.Y.L. Data analysis and interpretation: H.Q.Y., Y.X. and L.Y.G.
Drafting the manuscript: H.Q.Y. and L.Y.G. Conception, design, and
supervision: Z.H.T., J.Q.L.,, and H.Q.Y. All authors reviewed the
manuscript.

Acknowledgments

We thank all authors who contributed to this manuscript. This study
was supported by the Ministry of Science and Technology of the Peo-
ple's Republic of China [2023YFC0872500], Beijing Research Center for
Respiratory Infectious Diseases Project [BJRID2024-008, BJRID2024-
011, BJRID2025-011], Capital's Funds for Health Improvement and
Research [grant number 2022-1-1061], National Natural Science

Foundation of China [82200007, 82370010, 82270009], Reform and
Development Program of Beijing Institute of Respiratory Medicine
[Ggyfz202423, Ggyfz202401], Beijing Research Ward Demonstration
Construction Project [BCRW202110], Beijing Key Specialists in Major
Epidemic Prevention and Control, Beijing Hospitals Authority Clinical
medicine Development of Special funding support (No. ZLRK202504).

Ethics Statement

This study was conducted in accordance with the Declaration of Hel-
sinki, which was approved by the ethics committee of the Beijing Chao-
Yang Hospital, Capital Medical University (2021-KE-500).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data sets supporting the conclusions of this article and its sup-
porting information are available from the corresponding author upon
reasonable request.

References

1. WHO. Number of COVID-19 Cases Reported to WHO. 2024; https://
data.who.int/dashboards/covid19/cases?n=c, accessed 5 May 2024.

2. FDA. Fact Sheet for Healthcare Providers: Emergency Use Authori-
zation for Paxlovid. 2022, https://www.fda.gov/media/155050/
download, accessed March 2024.

3.J. Hammond, H. Leister-Tebbe, A. Gardner, et al., “Oral Nirmatrelvir
for High-Risk, Nonhospitalized Adults With Covid-19,” New England
Journal of Medicine 386, no. 15 (2022): 1397-1408.

4. P. Martinez-Barranco, M. Garcia-Roa, R. Trelles-Martinez, et al.,
“Management of Persistent SARS-CoV-2 Infection in Patients With
Follicular Lymphoma,” Acta Haematologica 145, no. 4 (2022): 384-393.

5.J. C. Laracy, M. Kamboj, and S. A. Vardhana, “Long and Persistent
COVID-19 in Patients With Hematologic Malignancies: From Bench to
Bedside,” Current Opinion in Infectious Diseases 35, no. 4 (2022):
271-279.

6. A. L. Lindahl, M. J. Ahava, M. Haukipii, H. R. Kreivi, A. Lipponen,
and E. Kortela, “Successful Treatment of Persisting SARS-CoV-2
Infection in an Immunocompromised Patient With Repeated Nirma-
trelvir/Ritonavir Courses: A Case Report,” Infectious Diseases 55, no. 8
(2023): 585-589.

7. M. Ghafari, M. Hall, T. Golubchik, et al., “Prevalence of Persistent
SARS-CoV-2 in a Large Community Surveillance Study,” Nature 626,
no. 8001 (2024): 1094-1101.

8. A. S. Gonzalez-Reiche, H. Alshammary, S. Schaefer, et al., “Sequen-
tial Intrahost Evolution and Onward Transmission of SARS-CoV-2
Variants,” Nature Communications 14, no. 1 (2023): 3235.

9. A. D. Marques, J. Graham-Wooten, A. S. Fitzgerald, et al., “SARS-
CoV-2 Evolution During Prolonged Infection in Immunocompromised
Patients,” mBio 15, no. 3 (2024): e0011024.

10.Y. Li, M. C. Choudhary, J. Regan, et al., “SARS-CoV-2 Viral Clear-
ance and Evolution Varies by Type and Severity of Immunodeficiency,”
Science Translational Medicine 16, no. 731 (2024): eadk1599.

11. H. E. Davis, L. McCorkell, J. M. Vogel, and E. J. Topol, “Long
COVID: Major Findings, Mechanisms and Recommendations,” Nature
Reviews Microbiology 21, no. 3 (2023): 133-146.

12. Z. Raglow, D. Surie, J. D. Chappell, et al., “SARS-CoV-2 Shedding
and Evolution in Patients Who Were Immunocompromised During the
Omicron Period: A Multicentre, Prospective Analysis,” The Lancet
Microbe 5, no. 3 (2024): e235-e246.

8 of 9

Journal of Medical Virology, 2025


https://data.who.int/dashboards/covid19/cases?n=c
https://data.who.int/dashboards/covid19/cases?n=c
https://www.fda.gov/media/155050/download
https://www.fda.gov/media/155050/download

13.C. Y. Lee, M. K. Shah, D. Hoyos, et al., “Prolonged SARS-CoV-2
Infection in Patients With Lymphoid Malignancies,” Cancer Discovery
12, no. 1 (2022): 62-73.

14. M. V. Arfijanto, T. P. Asmarawati, B. Bramantono, et al., “Duration
of SARS-CoV-2 RNA Shedding Is Significantly Influenced by Disease
Severity, Bilateral Pulmonary Infiltrates, Antibiotic Treatment, and
Diabetic Status: Consideration for Isolation Period,” Pathophysiology 30,
no. 2 (2023): 186-198.

15.Y. Guo, Y. Guo, Y. Zhang, et al., “Factors Affecting Prolonged SARS-
CoV-2 Infection and Development and Validation of Predictive No-
mograms,” Journal of Medical Virology 95, no. 2 (2023): €28550.

16. E. S. Ford, W. Simmons, E. N. Karmarkar, et al., “Successful
Treatment of Prolonged, Severe Coronavirus Disease 2019 Lower Res-
piratory Tract Disease in a B Cell Acute Lymphoblastic Leukemia
Patient With an Extended Course of Remdesivir and Nirmatrelvir/Ri-
tonavir,” Clinical Infectious Diseases 76, no. 5 (2023): 926-929.

17. L. B. Snell, A. McGreal-Bellone, C. Nye, et al., “A Multinational Case
Series Describing Successful Treatment of Persistent Severe Acute
Respiratory Syndrome Coronavirus 2 Infection Caused by Omicron
Sublineages With Prolonged Courses of Nirmatrelvir/Ritonavir,” Open
Forum Infectious Diseases 11, no. 1 (2024): ofad612.

18. H. Yang, L. Guan, T. Yang, et al., “Two- and 3-Year Outcomes in
Convalescent Individuals With COVID-19: A Prospective Cohort
Study,” Journal of Medical Virology 96, no. 4 (2024): €29566.

19. A. Batra, J. R. Clark, A. K. Kang, et al., “Persistent Viral RNA
Shedding of SARS-CoV-2 Is Associated With Delirium Incidence and
Six-Month Mortality in Hospitalized COVID-19 Patients,” GeroScience
44, no. 3 (2022): 1241-1254.

20. K. Xu, Y. Chen, J. Yuan, et al., “Factors Associated With Prolonged
Viral RNA Shedding in Patients With Coronavirus Disease 2019
(COVID-19),” Clinical Infectious Diseases 71, no. 15 (2020): 799-806.

21.S. Tang, Q. Man, D. Zhu, et al., “Risk Factors for Progression to
Severe Infection and Prolonged Viral Clearance Time in Hospitalized
Elderly Patients Infected With the Omicron Variant of SARS-CoV-2: A
Retrospective Study at Shanghai Fourth People’s Hospital, School of
Medicine, Tongji University,” Frontiers in Microbiology 15 (2024):
1361197.

22. H. Li, M. Gao, H. You, et al., “Association of Nirmatrelvir/Ritonavir
Treatment on Upper Respiratory Severe Acute Respiratory Syndrome
Coronavirus 2 Reverse Transcription-Polymerase Chain Reaction
(SARS-Cov-2 RT-PCR) Negative Conversion Rates Among High-Risk
Patients With Coronavirus Disease 2019 (COVID-19),” Clinical
Infectious Diseases: An Official Publication of the Infectious Diseases
Society of America 76, no. 3 (2023): 148.

23. A. Muralidharan, T. A. Wyatt, and S. P. Reid, “SARS-CoV-2 Dys-
regulates Neutrophil Degranulation and Reduces Lymphocyte Counts,”
Biomedicines 10, no. 2 (2022): 382.

24. A. G. Goubet, A. Dubuisson, A. Geraud, et al., “Prolonged SARS-
CoV-2 RNA Virus Shedding and Lymphopenia Are Hallmarks of
COVID-19 in Cancer Patients With Poor Prognosis,” Cell Death &
Differentiation 28, no. 12 (2021): 3297-3315.

25. 0. Lyudovyk, J. Y. Kim, D. Qualls, et al., “Impaired Humoral
Immunity Is Associated With Prolonged COVID-19 Despite Robust CD8
T Cell Responses,” Cancer Cell 40, no. 7 (2022): 738-753.€5.

26.S. Ombelet, D. Castanares-Zapatero, F. Desimpel, F. Hulstaert,
S. Stordeur, and D. Roberfroid, “Effectiveness of Nirmatrelvir-Ritonavir
on Severe Outcomes of COVID-19 in the Era of vaccinatio7n and
Omicron: An Updated Meta-Analysis,” Journal of Medical Virology 96,
no. 2 (2024): e29434.

27.C.K. H. Wong, I. C. H. Au, K. T. K. Lau, E. H. Y. Lau, B. J. Cowling,
and G. M. Leung, “Real-World Effectiveness of Early Molnupiravir or
Nirmatrelvir-Ritonavir in Hospitalised Patients With COVID-19 With-
out Supplemental Oxygen Requirement on Admission During Hong

Kong's Omicron BA.2 Wave: A Retrospective Cohort Study,” The Lancet
Infectious Diseases 22, no. 12 (2022): 1681-1693.

28. M. Breeden, S. L. Aitken, J. H. Baang, et al., “Successful Treatment
of Prolonged Severe Acute Respiratory Syndrome Coronavirus 2
Infection in Patients With Immunodeficiency With Extended Nirma-
trelvir/Ritonavir: Case Series,” Open Forum Infectious Diseases 10, no. 4
(2023): ofad189.

29. A. Heyer, T. Giinther, A. Robitaille, et al., “Remdesivir-Induced
Emergence of SARS-CoV2 Variants in Patients With Prolonged Infec-
tion,” Cell Reports Medicine 3, no. 9 (2022): 100735.

30. K. Tao, P. L. Tzou, J. Nouhin, et al., “The Biological and Clinical
Significance of Emerging SARS-CoV-2 Variants,” Nature Reviews
Genetics 22, no. 12 (2021): 757-773.

31. N. S. Zuckerman, E. Bucris, D. Keidar-Friedman, M. Amsalem, and
T. Brosh-Nissimov, “Nirmatrelvir Resistance—De Novo E166V/L50V
Mutations in an Immunocompromised Patient Treated With Prolonged
Nirmatrelvir/Ritonavir Monotherapy Leading to Clinical and Virologi-
cal Treatment Failure—A Case Report,” Clinical Infectious Diseases 78,
no. 2 (2024): 352-355.

32. M. Chan, M. M. N. Linn, T. O'Hagan, et al., “Persistent SARS-CoV-2
PCR Positivity Despite Anti-Viral Treatment in Immunodeficient Pa-
tients,” Journal of Clinical Immunology 43, no. 6 (2023): 1083-1092.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

9 of 9



	Clinical Characteristics and Treatment Efficacy in Patients With SARS-CoV-2 Positivity After Nirmatrelvir-Ritonavir Therapy
	1 Background
	2 Methods
	2.1 Study Design
	2.2 Group Definitions
	2.3 Data Collection and Follow-Up
	2.4 Outcomes
	2.5 Statistical Analysis

	3 Results
	3.1 Patient Characteristics
	3.2 Outcomes After Standard NMV-r Treatment
	3.3 Extended and Standard NMV-r Treatment

	4 Discussion
	5 Conclusions
	Author Contributions
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References
	Supporting Information




