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Abstract

Objective: To assess the effectiveness and safety of nirmatrelvir-ritonavir in the treatment of mild-to-moderate COVID-19

caused by the omicron BA. 2. 2 variant. Methods: An observational study was conducted retrospectively to review the

outcomes of mild-to-moderate COVID-19 patients admitted between 26 April and 30 June, 2022. Patients’ baseline character-

istics were collected and assessed. Participants in the intervention group were administered nirmatrelvir-ritonavir in addition

to standard care, whereas those in the control group only received standard care. The primary outcome was the duration

between symptoms onset or the initial positive RT-PCR test and the subsequent conversion to a negative result. Results:

The analysis included 324 patients who were administered nirmatrelvir-ritonavir and an equal number of control patients. The

patient characteristics in both groups were evenly matched. The average duration from symptoms onset or the initial positive

RT-PCR to negative conversion was similar in both groups (16.2±5.0 vs. 16.1±6.3 days, P=0.83). Control patients exhibited

slower conversion in comparison to patients who received nirmatrelvir-ritonavir treatment within 10 days of symptom onset.

Conclusion: These findings suggest that administering nirmatrelvir-ritonavir within 10 days of symptom onset could poten-

tially reduce the time it takes for SARS-CoV-2-infected patients to negative RT-PCR results, thereby expanding the current

usage guidelines for nirmatrelvir-ritonavir.
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Abstract

Objective: To assess the effectiveness and safety of nirmatrelvir-ritonavir in the treatment of mild-to-
moderate COVID-19 caused by the omicron BA. 2. 2 variant.

Methods: An observational study was conducted retrospectively to review the outcomes of mild-to-moderate
COVID-19 patients admitted between 26 April and 30 June, 2022. Patients’ baseline characteristics were
collected and assessed. Participants in the intervention group were administered nirmatrelvir-ritonavir in
addition to standard care, whereas those in the control group only received standard care. The primary
outcome was the duration between symptoms onset or the initial positive RT-PCR test and the subsequent
conversion to a negative result.

Results: The analysis included 324 patients who were administered nirmatrelvir-ritonavir and an equal
number of control patients. The patient characteristics in both groups were evenly matched. The average
duration from symptoms onset or the initial positive RT-PCR to negative conversion was similar in both
groups (16.2±5.0 vs. 16.1±6.3 days, P=0.83). Control patients exhibited slower conversion in comparison to
patients who received nirmatrelvir-ritonavir treatment within 10 days of symptom onset.

Conclusion: These findings suggest that administering nirmatrelvir-ritonavir within 10 days of symptom
onset could potentially reduce the time it takes for SARS-CoV-2-infected patients to negative RT-PCR
results, thereby expanding the current usage guidelines for nirmatrelvir-ritonavir.

Keywords : Nirmatrelvir-ritonavir, COVID-19, observational study

Introduction

The rapid development of therapeutics and preventive strategies for COVID-19 has occurred during the
worldwide pandemic[1,2]. While vaccines can effectively prevent severe illness caused by COVID-19, the
immune response they trigger may diminish over time and become less effective against emerging variants.
This highlights the importance of antiviral therapies for SARS-CoV-2 infection.

Comprising two antiviral protease inhibitors, nirmatrelvir-ritonavir stands out as a highly potent medication
for combating SARS-CoV-2. Nirmatrelvir, an oral antiviral medication, hinders the replication of viruses by
focusing on the primary protease (Mpro) of SARS-CoV-2[3]. Nirmatrelvir exhibits comparable effectiveness
against both the original SARS-CoV-2 strain and its subsequent variants due to the highly preserved se-
quence of Mpro in coronaviruses. The plasma concentrations of nirmatrelvir are elevated due to ritonavir’s
inhibition of CYP3A-mediated metabolism. Therefore, combining nirmatrelvir and ritonavir may maximize
the therapeutic benefit[3, 9]. In the recent EPIC-HR study published by Hammond et al. (2022), patients with
mild to moderate COVID-19 who were susceptible to developing severe illness within 5 days of experiencing
symptoms were administered nirmatrelvir-ritonavir. As a result, they demonstrated a reduced likelihood of
hospitalization or succumbing to the disease. Following this randomized trial[10], numerous countries have
granted emergency use authorization to nirmatrelvir-ritonavir for the management of COVID-19.

Medical service providers in China are responsible for monitoring or treating high-risk COVID-19 patients.
From March, 2022[11], nirmatrelvir-ritonavir has been one of the few treatment choices that were accessible
for prescription locally. In the EPIC-HR study[10], the examined groups were comparatively youthful, with
obesity being the most frequently cited risk factor for progressing to severe illness. In China and many other
countries such as Australia, the majority of COVID-19 patients at high risk are elderly individuals who have
various underlying comorbidities including hypertension, diabetes, and cardiovascular diseases. The purpose
of this study was to evaluate the effectiveness of nirmatrelvir-ritonavir in the elderly population in real-world
scenarios, and provide guidance for clinical and policy decision-making.
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Methods

Patients, setting and human ethical approvals

This retrospective observational study, conducted at the Shanghai Geriatric Medical Center (Meilong Branch
of Zhongshan Hospital, Fudan University), examined individuals with COVID-19 who were hospitalized from
26th April to 30th June 2022. The Shanghai Geriatric Medical Center is a specialized medical facility that
admits patients with COVID-19 in Shanghai for treatment. The omicron sublineage BA.2.2 was the primary
cause of COVID-19 cases reported in Shanghai during this time frame[16].

Patients admitted for SARS-CoV-2 burden rebound were excluded if they had one RT-PCR test during their
hospitalization and the result is negative, a severe COVID-19 diagnosis upon hospitalization, or insufficient
information in the electronic medical record. The patient’s infection severity was categorized based on the
Diagnosis and Treatment Guideline for COVID-19 (Trial Version 9) issued by the China National Health
Commission[12]. Mild COVID-19 refer to individuals experiencing one or multiple mild symptoms such as
pyrexia, tussis, pharyngitis, asthenia, myalgia, anosmia and no concomitant pneumonia. Patients with mo-
derate COVID-19 exhibit symptoms similar to those with mild disease, but they also show radiologic signs
of pneumonia. The high-risk group for severe COVID-19 includes individuals aged 60 years or older who
have a medical history of hypertension, cardiovascular diseases, cerebral infarction, chronic liver or kidney
diseases, cancers, smoking, or obesity[13-15]. This analysis only included individuals who were diagnosed with
mild or moderate cases of COVID-19 and were deemed to be at a high risk of developing severe illnesses.
Patients were excluded if they had contraindications to nirmatrelvir-ritonavir, severe renal impairment (esti-
mated glomerular filtration rate [eGFR] <30 mL/min per 1.73 m², undergoing dialysis, or had undergone
renal transplantation), or severe liver impairment (cirrhosis, hepatocellular carcinoma, or had undergone
liver transplantation).

This study adhered to STROBE guidelines and received approval from the ethics committees of Zhongshan
Hospital, Fudan University (approval number B2022-470R). Due to the exceptional circumstances of the
COVID-19 outbreak, this retrospective study utilizing de-identified information did not necessitate individual
patient-informed consent.

Baseline characteristics of the patients

Upon hospital admission, patients’ baseline characteristics were gathered, including sex, age, clinical classifi-
cation(i.e., severity of symptoms), underlying health conditions, risk factors of developing severe illness, and
immunization record. The number of days from the onset of symptoms or a positive RT-PCR test to hospi-
talization and to initiation of treatment were calculated. Within 2 days of being admitted to the hospital,
respiratory samples were obtained from the upper respiratory tract of patients using a nasopharyngeal swab.
The samples underwent testing using a real-time fluorescence quantitative RT-PCR method to detect the
presence of the SARS-CoV-2 virus. The targets for the RT-PCR assay were open reading frame 1ab (ORF),
nucleocapsid protein gene (N gene) and envelope protein gene (E gene). All the targets were recorded with
the cycle threshold (Ct) value, which represents the number of cycles required to amplify the viral nucleic
acid to a detectable level. A Ct value below 35 for ORF, N gene or E gene was used to define a positive
sample of SARS-CoV-2[17].

Intervention and control

Every patient was provided with standard care, which involved resting in bed, monitoring vital signs, mea-
suring oxygen saturation, conducting routine blood chemistry and urine analysis, examining biochemical
indicators such as liver and myocardial enzymes and renal function, assessing coagulation parameters, analy-
zing arterial blood gas, conducting chest imaging and cytokine detection, and administering oxygen therapy
if necessary. Individuals in the intervention cohort were administered nirmatrelvir at a dosage of 300 mg
alongside ritonavir at a dosage of 100 mg, twice a day, for a duration of 5 days. Alternatively, if patients’
eGFR ranged from 30-59 mL/min per 1.73 m², the dosage of nirmatrelvir was reduced to 150 mg while
ritonavir remained at 100 mg. Patients in the control group only obtained standard care and were not ad-
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ministered nirmatrelvir-ritonavir. Patients in both groups did not receive any other medications specifically
for COVID-19, such as remdesivir or monoclonal antibodies.

Primary outcome

The primary outcome was the duration until conversion, which is defined as the time between the appearance
of symptoms or the initial positive RT-PCR test and the second negative RT-PCR test outcome. From the
second day of hospitalization onwards, all patients underwent daily RT-PCR testing using nasopharynge-
al swabs until two consecutive negative results were obtained. According to China’s COVID-19 diagnosis
and treatment guideline Trial Version 9, criteria for ending isolation and discharge involve obtaining two
consecutive tests result with Ct values of [?]35 for ORF, N, and E genes with an interval of more than 24
hours[12, 18].

Secondary outcomes and safety assessment

Secondary outcomes included the proportion of individuals with a negative RT-PCR test for respiratory
SARS-CoV-2 on the 15th day after the onset of symptoms or on the 15th day after the initial positive
RT-PCR test, incidence of turning critically ill, needs for mechanical ventilation and oxygen therapy. In
addition, a safety evaluation of the nirmatrelvir-ritonavir was conducted by examining the medical records
of patients to identify potential adverse effects (AEs) such as diarrhea and stomach discomfort. Monitoring
for AEs began at the start of treatment and continued until the patient was released from the hospital.

Statistical analyses

Propensity score matching was employed based on age, sex, COVID-19 type upon admission, commodi-
ties (including diabetes mellitus, malignancy, stroke, hypertension, cardiovascular diseases, pulmonary
diseases), vaccination status, and medications administered during hospitalization such as corticosteroids
(prednisone, dexamethasone, hydrocortisone, methylprednisolone), antibiotics (β-lactams, moxifloxacin, lev-
ofloxacin, metronidazole, vancomycin, azithromycin, linezolid, tigecycline, caspofungin, voriconazole), antivi-
ral drugs (entecavir, valacyclovir), Chinese traditional medications (Lianhua Qingwen Granules, Qingkailing
Soft Capsules, Jinhua Qinggan Granules, Shufeng Jiedu Capsules), immunomodulator (recombinant human
interferon α2b injection, human interleukin-11 for injection, human Granulocyte colony stimulating factor
injection, intravenous human immunoglobulin, thymalfasin), and Chinese decoctions in a logistic regression
model. The propensity-score matching without replacement, utilizing a caliper width of 0.2. The standard-
ized mean differences (SMDs) for each covariate between the groups prior to and following the propensity-
score matching were calculated. These differences were considered balanced if the SMD was less than the
threshold of 0.1. The evaluation of results was conducted using Kaplan-Meier curves. Furthermore, the
study also performed subgroup analysis on the time to conversion from RT-PCR positive to negative status
for SARS-CoV-2. The specific subgroup analyses considered factors such as patients’ age ([?]60 years ver-
sus >60 years), clinical classification, and vaccination history (fully vaccinated versus partially vaccinated).
Additionally, the subgroup analysis was stratified based on the time interval between the administration of
nirmatrelvir-ritonavir and the onset of symptoms or the first positive RT-PCR test. All the analyses were
performed using software SPSS 26.0 and R 4.2.1. Statistical tests were 2-side and the statistical significance
level set at P < 0.05.

RESULTS

Demographic characteristics of the patients

During the designated study period, Shanghai Geriatric Medical Centre admitted a total of 5524 patients who
were diagnosed with SARS-CoV-2 infections. After removing subjects that did not meet inclusion criteria,
the study included 3025 patients. Nirmatrelvir-ritonavir was given to 324 patients [5.8%]. The control group
consisted of carefully selected 324 patients from the retrospective cohort, with baseline characteristics used
as matching criteria (Figure 1). Following the matching process, patient characteristics were comparable
between the nirmatrelvir-ritonavir and control cohorts at baseline, with all SMDs below 0.1, except for the
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duration from the initial positive PCR test to hospitalization (SMD=-0.43), RT-PCR Ct value upon admis-
sion (SMD=-0.59), administration of corticosteroids (SMD=0.11) and administration of antiviral medication
(SMD=0.10). The baseline characteristics of patients treated with or without nirmatrelvir-ritonavir are dis-
played in Table 1. Overall, less than one-third of the group were completely immunized, with 194 individuals
(29.9%) having been administered at least one dose of the SARS-CoV-2 vaccine. Most of the patients were
over the age of 65, and the median age was 77 years old (interquartile range [IQR], 67-88 years). 314 (48.4%)
patients were men. 547 (84.4%) were classified as mild cases. The prevalent underlying conditions consisted
of individuals aged [?]65 years (530 [81.8%]), hypertension (311 [48.0%]), and diabetes (144 [22.2%]); more
than one risk factor was present in 432 (66.7%) patients. There was no significant difference found between
the nirmatrelvir-ritonavir and matched control groups.

Application of nirmatrelvir-ritonavir for primary and secondary outcomes

The mean time from symptom onset or the first positive RT-PCR result to negative RT-PCR results was
similar in both the treatment and control groups (16.2±5.0 vs. 16.1±6.3 days, P = 0.83, Table 2). Figure 2
displays the Kaplan-Meier survival curve for the primary outcome. No correlation was observed between the
time to conversion of RT-PCR results and patients’ age, clinical classification, concurrent medication usage,
or prior vaccination in the analysis of individuals treated with nirmatrelvir-ritonavir, except in the case of the
usage of antibiotics (Figure 4). Following the appearance of symptoms or the initial RT-PCR confirmation,
92% of nirmatrelvir-ritonavir was administered within 14 days, while 82% and 64% were taken within 10 and
7 days respectively (Figure 3). Hence, the subgroup analysis was further stratified based on the time interval
between the administration of nirmatrelvir-ritonavir and the onset of symptoms or the first positive RT-PCR
test. Patients who received nirmatrelvir-ritonavir within 10 days of experiencing symptoms demonstrated
quicker conversion of RT-PCR results compared to the control group that was matched (Figure 5).

No significant difference was found between the two groups in the percentage of patients who tested negative
for respiratory SARS-CoV-2 using RT-PCR 15 days after the onset of symptoms (47.2% vs 50.0%, P=0.53).
Additionally, the two groups did not differ significantly with respect to the progression to more severe
conditions, such as turning to critically ill (1.9% vs 1.9%, P = 1), need for mechanical ventilation (0.3% vs
1.5%, P = 0.21), and the need for oxygen therapy (2.5% vs 3.4%, P = 0.64).

Evaluation of the safety of nirmatrelvir-ritonavir in COVID patients at high risk

Among patients treated with nirmatrelvir-ritonavir, 64 patients reported the adverse effects. Out of these
patients, 19 (29.7%) encountered at least one form of adverse effects, with gastrointestinal disorders (21.8%)
being the prevailing side effects (Table 3).

Discussion

In May 2023, the global health emergency of COVID-19 was officially terminated by the World Health Or-
ganization. The attention for COVID-19 care and treatment has now been redirected towards the vulnerable
population who are at a higher risk of developing more serious COVID-19-associated illnesses. In the midst
of a widespread Omicron outbreak and high vaccination rates, our study revealed that the utilization of
nirmatrelvir-ritonavir did not result in a more rapid elimination of respiratory SARS-CoV-2 in patients at
high risk.

Interestingly, the examination centered on individuals who received nirmatrelvir-ritonavir treatment within
10 days after symptoms onset or first positive RT-PCR test. It revealed a faster conversion from positi-
ve to negative RT-PCR tests when compared to untreated patients. The study also found that the shor-
ter the time between the onset of symptoms or the first positive RT-PCR test and the administration of
nirmatrelvir-ritonavir, the faster the conversion to RT-PCR negativity. This indicates that the timing of
nirmatrelvir-ritonavir therapy initiation following the onset of symptoms is a crucial indicator in achieving
rapid elimination of the virus. Our findings align with a recent study[19] which indicated that the administra-
tion of nirmatrelvir-ritonavir may accelerating the conversion of negative RT-PCR respiratory SARS-CoV-2.
Additionally, our study expands upon the findings of the EPIC-HR study[10], which included unvaccinated
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and non-hospitalized adults from various racial backgrounds. In contrast, our study specifically examined
Asian adult patients at high risk who were hospitalized, fully or partially vaccinated and generally “older”.

RT-PCR testing has been utilized to detect SARS-CoV-2 in the upper respiratory tract[20]. The Ct values
of RT-PCR represent the number of amplification cycles needed for the target gene to exceed a threshold
level, potentially offering semi-quantitative or indirect measurements of viral load[21]. Previous studies have
analyzed the temporal trends in Ct values over the course of a SARS-CoV-2 infection. The lowest Ct values
(indicating a higher concentration of viral RNA) are observed shortly after the onset of symptoms and
are significantly correlated with the time elapsed since onset. Higher Ct values may be linked to better
outcomes in COVID-19 individuals, decreased possibility of progression to severe illness, decreased disease
severity, decreased mortality, and absence of biochemical and haematological markers[21]. The RT-PCR Ct
value was frequently used as an alternative measure of viral load, serving as a measure of infectivieness.
According to this research, the administration of nirmatrelvir-ritonavir within 10 days of the symptom onset
resulted in a quicker rise in RT-PCR Ct value, thus reducing the duration of isolation. It is reported that
early administration of nirmatrelvir-ritonavir in patients could lead to a quicker cessation of virus shedding,
thereby reducing the risk of disease transmission and expediting recovery from COVID-19[21].

Previous study noted that SARS-CoV-2 viral replication at multiple sites outside the respiratory tract during
the first two weeks after the onset of symptoms[22]. The peak viral load of SARS-CoV-2 typically occured
around the time of symptoms onset, followed by a gradual decline[23]. In severely ill patients, viral replication
can continue for several months[22]. Based on the findings mentioned above, it should be considered that
patients with COVID-19 more than 5 days post-onset and/or severe illness are highly probable to derive
benefits from nirmatrelvir-ritonavir therapy. This is due to the continued presence of the virus in the body,
particularly in the respiratory system, among patients in the early (within 14 days after symptoms onset),
intermediate (15-30 days), and late (31 days or longer) COVID-19 patients. At this time, nirmatrelvir-
ritonavir is given to clear the virus, which theoretically benefits the patient’s recovery and may even prevent
their death. Furthermore, owing to the scarcity of COVID-19 healthcare facilities in Shanghai during the
initial six months of 2022, a number of individuals testing positive for PCR were unable to receive immediate
admission following infection, resulting in a disease duration exceeding 5 days upon admission. Therefore,
many patients admitted in Shanghai Geriatric Medical Center did not receive nirmatrelvir-ritonavir until RT-
PCR was positive or symptoms occurred more than 5 days. The current research validated that administering
nirmatrelvir-ritonavir within 5 to 10 days of symptom onset or a positive RT-PCR test could expedite the
conversion to a negative result.

The limitation of the current study cannot be ignored. The study is a single-centered retrospective obser-
vational study with potential residual confounding and selection bias. Because the study was conducted
retrospectively, a detailed analysis of adverse events and rebound were not performed, as the data in medical
records regarding these topics were sometime inconsistent.

Conclusion

To summarize, the use of nirmatrelvir-ritonavir within 10 days of symptom onset or a positive RT-PCR result
is linked to a reduced duration of RT-PCR conversion in high-risk patients infected with SARS-CoV-2. This
expands the potential use of nirmatrelvir-ritonavir beyond its labeled indications.
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