Nirmatrelvir-ritonavir for Treating COVID-19 Patients: A Case-Control Study
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ABSTRACT

	Aims: To compare the efficacy of nirmatrelvir/ritonavir versus symptomatic management in reducing mortality, and clinical severity, and increasing clinical improvement among patients with COVID-19.
Study design: A multicentre, retrospective, and case-control study was conducted, with a 3:1 matching ratio (three controls per case).
Place and Duration of Study: Hospital and Ambulatory Care Medical Units. The study was conducted from October 1st, 2024 to January 31st, 2025, with COVID-19 Mexican patients attending an outpatient consultation at several units in Puebla State, Mexico, from September 29th, 2022 to June 3rd, 2023.
Methodology: Data on health and sociodemographic variables were collected through a retrospective design, using the SINOLAVE system.
Results: We included 5,228 patients with COVID-19 (3,921 controls and 1,307 cases). The average age was 41.19 (SD=15.17, median age=39 [IQR=29-51]). Factors associated with COVID-19 severe disease were: nirmatrelvir/ritonavir (OR=0.080; 95%CI 0.019-0.343, p=0.001), age (OR=1.065; 95%CI 1.042-1.089, p<0.001), headache (OR=2.941; 95%CI 1.231-7.029, p=0.015), profound weakness (OR=0.196; 95%CI 0.049-0.784, p=0.021), dyspnoea (OR=4372.92; 95% CI 1522.538-12559.587, p<0.001), coryza (OR=13.539; 95%CI 1.816-100.932, p=0.011), anosmia (OR=0.041; 95%CI 0.007-0.253, p=0.001), and diabetes (OR=5.823; 95%ci 2.091-16.217, p=0.001). Factors associated with clinical improvement of COVID-19 disease were: nirmatrelvir/ritonavir (OR=16.458; 95%CI 2.221-121.944, p=0.006), age (OR=0.921; 95%CI 0.901-0.941, p<0.001), sex (OR=0.449; 95%CI 0.248-0.813, p=0.008), employed (OR=2.431; 95%CI 1.165-5.073, p=0.018), sudden onset (OR=0.374; 95%CI 0.203-0.690, p=0.002), painful swallowing (OR=5.733; 95%CI 3.179-10.339, p<0.001) and COPD (OR=0.301; 95%CI 0.100-0.908, p=0.033). Factors associated with COVID-19 mortality were: nirmatrelvir/ritonavir (OR=0.058; 95%CI 0.008-0.425), age (OR=1.087; 95%CI 1.063-1.111), sex (OR=2.664; 95%CI 1.441-4.925) and employed (OR=0.338; 95%CI 0.153-0.747).
Conclusion: Nirmatrelvir/ritonavir can significantly reduce the risk of mortality and severity of COVID-19, and increase the clinical improvement in patients with COVID-19. In addition, older age, headache, dyspnoea, coryza, and diabetes were associated with severe COVID-19, while profound weakness, and anosmia were linked to a lower risk. Clinical improvement was associated with younger age, female sex, employment, and painful swallowing, meanwhile sudden onset and COPD reduced the likelihood of improvement. Mortality risk increased with older age and male sex, whereas employment was protective factor.
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1. INTRODUCTION
The Coronavirus disease 2019 (COVID-19 disease) has posed a significant public global health concern, particularly for high-risk populations such as the elderly population and patients with comorbidities like diabetes, cardiovascular disease, and immunosuppression (López-Hernández 2022, Alsaeed et al. 2023, Anguiano-Velázquez et al. 2024, López-Hernández et al. 2024, Castillo-Cruz et al. 2025). The virus Severe Acute Respiratory Syndrome Coronavirus type 2 (SARS-CoV-2) is constantly evolving (Osuchowski et al. 2020); therefore, developing an effective therapeutic strategy remains essential for mitigating disease severity, hospitalisation, and mortality (Alsaeed et al. 2023). Among the observed therapeutic strategies, the combination of nirmatrelvir (a main protease inhibitor of SARS-CoV-2) and ritonavir (a CYP3A inhibitor that enhances nirmatrelvir’s bioavailability) has emerged as an antiviral therapy from 2021, for treating SARS-CoV-2 infections in adults and paediatric patients (≥12 years of age and weighing ≥40 kg) (Alsaeed et al. 2023, Bai et al 2024, Infectious Diseases Society of America, IDSA, 2024). When this therapy is administered early in the disease course, it has demonstrated substantial clinical benefits in reducing COVID-19 complications and mortality (Alsaeed et al., 2023; Bai et al., 2024). However, in hospitalized adult COVID-19 Chinese patients with severe comorbidities, this combination did not significantly reduce the risk of all-cause mortality (on day 28) or the SARS-CoV-2 RNA clearance (Liu et al. et al. 2023).

Nirmatrelvir/ritonavir acts by blocking the replication of SARS-CoV-2 through the inhibition of the main protease, an enzyme essential for viral replication (Reza Hashemian et al. 2023, IDSA 2024). This mechanism directly reduces viral load and disease progression. Some studies have shown that early treatment with nirmatrelvir/ritonavir can reduce hospital admissions and mortality (Alsaeed et al. 2023, Lewnard et al. 2023) by approximately 80–89% (Lewnard et al. 2023). In contrast, symptomatic management remains the mainstay of care for patients with mild to moderate COVID-19 who do not qualify for antiviral treatment or in settings where access is limited (IDSA 2024). This approach focuses on supportive measures such as antipyretics, analgesics, hydration, and oxygen therapy, which alleviate symptoms but do not directly inhibit viral replication (McFee 2020, IDSA 2024). While generally effective in managing mild cases, symptomatic treatment alone does not prevent disease progression in high-risk patients, highlighting the need for targeted antiviral interventions. Given the controversy across different studies, this study aims to compare the efficacy of nirmatrelvir/ritonavir with symptomatic management in reducing mortality, clinical improvement of disease, and hospitalization admission among patients with COVID-19.

1.1 The Aim of the Study.
To compare the efficacy of nirmatrelvir/ritonavir versus symptomatic management in reducing mortality, and clinical severity, and increasing clinical improvement among patients with COVID-19.

2. material and methods
2.1 Study design and settings.
A multicentre (table 1), retrospective, and case-control study was designed and conducted with Mexican patients attending outpatient consultations in Hospitals and Family Medicine Units, in Puebla State, Mexico. We use a previously published database (Castillo-Cruz et al. 2025). The data collection was sourced from secondary data, from October 1st, 2022 to May 31st, 2023. The SINOLAVE system (Sistema de Notificación en Epidemiología de Influenza by its acronym in Spanish) was used to gather sociodemographic and clinical variables (such as age, sex, outpatient consultations data, occupation, municipality, unit of Assignment, type of Admission, reporting Unit of Care, Date of Notification on the Platform, Date of Care Admission to the Unit, Date of Symptom Onset, sign and symptoms, reason for discharge, death, severe case and comorbidities, hospital admission, severe of disease, clinical improvement of disease). The study was conducted from October 1st, 2024 to January 31st, 2025.

Table 1.	Medical units and COVID-19 patients attended by unit and study group
	Reporting Medical Units
	Total population
	Control group
	Case group

	UMF 6 Puebla
	1076, 20.6; (19.5-21.7)
	847, 21.6; (20.2-23)
	229, 17.5; (15.4-19.5)

	UMF 57 La Margarita
	1061, 20.3; (19.2-21.4)
	862, 22; (20.7-23.3)
	199, 15.2; (13.4-17.2)

	UMF 12 San Pedro Cholula
	631, 12.1; (11.2-13)
	333, 8.5; (7.6-9.4)
	298, 22.8; (20.7-25.2)

	UMF 55 Puebla
	612, 11.7; (10.8-12.6)
	388, 9.9; (8.9-10.9)
	224, 17.1; (15.1-19.2)

	UMF 1 Puebla
	515, 9.9; (9-10.7)
	352, 9; (8.1-9.9)
	163, 12.5; (10.9-14.2)

	UMF 2 Puebla
	295, 5.6; (5-6.3)
	207, 5.3; (4.6-6)
	88, 6.7; (5.4-8)

	HE UMAE Puebla
	131, 2.5; (2.1-3)
	125, 3.2; (2.7-3.7)
	6, 0.5; (0.2-0.8)

	HGZ 20 La Margarita
	123, 2.4; (2-2.8)
	121, 3.1; (2.5-3.6)
	2, 0.2; (0-0.4)

	UMFH 11 San Martin Texmelucan
	112, 2.1; (1.7-2.5)
	112, 2.9; (2.3-3.4)
	

	UMF 22 Teziutlan
	105, 2; (1.6-2.4)
	49, 1.2; (0.9-1.6)
	56, 4.3; (3.1-5.6)

	UMF 8 Mayorazgo
	92, 1.8; (1.4-2.1)
	92, 2.3; (1.9-2.8)
	

	UMF 30 Tehuacan
	72, 1.4; (1.1-1.7)
	61, 1.6; (1.1-1.9)
	11, 0.8; (0.4-1.4)

	UMF 9 Santa Maria Coapan
	72, 1.4; (1.1-1.7)
	57, 1.5; (1.1-1.9)
	15, 1.1; (0.6-1.8)

	UMF 13 Puebla
	71, 1.4; (1.1-1.7)
	71, 1.8; (1.4-2.3)
	

	UMF 7 San Bartolo
	55, 1.1; (0.8-1.3)
	55, 1.4; (1-1.8)
	

	HTO UMAE Puebla
	39, 0.7; (0.5-1)
	34, 0.9; (0.6-1.2)
	5, 0.4; (0.1-0.8)

	HGZ 15 Tehuacan
	25, 0.5; (0.3-0.7)
	15, 0.4; (0.2-0.6)
	10, 0.8; (0.3-1.3)

	UMF 3 San Felipe Hueyotlipan
	20, 0.4; (0.2-0.6)
	20, 0.5; (0.3-0.7)
	

	HGSZ 10 Nuevo Necaxa
	18, 0.3; (0.2-0.5)
	18, 0.5; (0.3-0.7)
	

	UMFH 24 Izucar De Matamoros
	17, 0.3; (0.2-0.5)
	17, 0.4; (0.2-0.7)
	

	HGZ 5 Metepec
	15, 0.3; (0.2-0.4)
	15, 0.4; (0.2-0.6)
	

	UMF 34 Atlixco
	14, 0.3; (0.1-0.4)
	14, 0.4; (0.2-0.5)
	

	UMF 58
	14, 0.3; (0.1-0.4)
	14, 0.4; (0.2-0.6)
	

	HGZ 23 Teziutlan
	12, 0.2; (0.1-0.4)
	12, 0.3; (0.2-0.5)
	

	UMF 14 Pueblo Nuevo
	12, 0.2; (0.1-0.4)
	11, 0.3; (0.1-0.5)
	1, 0.1; (0.0-0.2)

	UMF 21 Puebla
	9, 0.2; (0.1-0.3)
	9, 0.2; (0.1-0.4)
	

	UMF 47 San Miguel Xoxtla
	4, 0.1; (0-0.2)
	4, 0.1; (0-0.2)
	

	UMFH 33 Villa Rafael Lara Grajales
	4, 0.1; (0-0.2)
	4, 0.1; (0-0.2)
	

	UMFH 31 Chietla
	1, 0; (0-0.1)
	1, 0; (0-0.1)
	

	UMFH 16 Tecamachalco
	1, 0; (0-0.1)
	1, 0; (0-0.1)
	


Source: Prepared by the authors using data from the SINOLAVE System, October 2022 to May 2023.

2.2 Study Population, Selection criteria, Sampling Method and Data Collection
The study population included a total of 5,228 patients; which 3,921 are patients in the control group and 1,307 are patients in the case group. All subjects (both sexes) aged 18 years and older with COVID-19 registered on the SINOLAVE system platform were selected. The study population were divided into two groups:

1. Cases: patients who received nirmatrelvir/ritonavir as part of their treatment, and

2. Controls: patients who received only symptomatic management without antiviral treatment (except 31 patients treated with oseltamivir).

We included all patients treated with nirmatrelvir/ritonavir and three controls per case. The control group was selected using simple random sampling, ensuring that each eligible patient had an equal chance of being chosen. Random number generation was used to achieve an unbiased selection of patients into control group.

Inclusion criteria include: adult patients (≥18 years) with laboratory-confirmed COVID-19, and with documented clinical status at the time of diagnosis (mild, moderate, or severe disease). Patients treated in outpatient or hospital settings. No prior use of antiviral therapy for the current infection.

Exclusion criteria included: patients with contraindications to nirmatrelvir/ritonavir or oseltamivir. Individuals with incomplete medical records.

[bookmark: _Hlk190373640]Clinical and demographic data will be collected retrospectively from medical records, including: age, sex, comorbidities, and vaccination status. Sign and symptoms, Severity of COVID-19 at diagnosis. Treatment received (nirmatrelvir/ritonavir vs. symptomatic management). Clinical outcomes: mortality, hospital admission, disease progression to clinical improvement. The collected data was stored in an Excel workbook, which served as the statistical database for subsequent analysis. This procedure ensured the accuracy, quality, and reliability of the extracted data, supporting the integrity of our study’s findings.

2.3 Statistical analysis.
[bookmark: _Hlk190553935]The categorical variables are described as absolute frequency and percentage, and quantitative variables as mean, standard deviation (SD), and interquartile range (IQR). Confidence Interval 95% (CI95%) was included. Categorical variables were compared using Yates' corrected chi-square (X2) test and likelihood ratio, as appropriate. Quantitative variables were compared using the Mann-Whitney U test or Student's T test as appropriate. A P value < 0.05 (two-tailed test) was considered significant.

To assess the association between clinical outcomes of COVID-19 (mortality, hospital admission, disease progression to clinical improvement) and the efficacy of nirmatrelvir/ritonavir treatment versus. symptomatic management were calculated logistic regression models. Regression logistic models included numerical variables such as age and dichotomous variables (sex, comorbidities). We calculated univariate and multivariate logistic regression models. Univariate analysis was performed to examine the relationship between individual variables (age, sex, comorbidities) and the presence of COVID-19 outcomes. Univariate analysis indicated which variables were significantly associated with COVID-19 outcomes and provided initial information on potential risk or protective factors, but did not account for confounding variables. Multivariate logistic regression analysis was performed to identify factors independent of COVID-19 outcomes. Variables significant in the univariate analysis were included in the multivariate model. Odds ratios (ORs) and CI95% were calculated to quantify the strength of the associations. This method allows adjustment for confounding variables and identification of independent predictors. An OR greater than 1 indicated a higher likelihood of COVID-19 outcomes, while an OR less than 1 indicated a lower likelihood. The 95% CI provided an estimate of the accuracy of the ORs. A P value < 0.05 (two-tailed test) was considered significant.

2.4 Ethical Considerations.
The study was conducted in accordance with the Good Clinical Practice Guidelines of our laws and the Declaration of Helsinki for human experiments. The protocol was approved by The Local Committee of Health Research 2108 in Zone General Hospital number 20, IMSS (Instituto Mexicano del Seguro Social by its acronyms in Spanish). COFEPRIS record 19 CI 21 114 054. CONBIOETICA record 21 CEI 001 20201117. The Data was treated confidentially. Since this study utilized a secondary database, authorization was obtained from the relevant committee to ensure proper handling of the information in compliance with ethical guidelines. To guarantee confidentiality, only the principal investigators had access to the complete dataset, including identifiable patient information (e.g., names). The patient names were replaced with unique identification numbers. The assigned number allows the data to be linked to a specific individual without revealing the individual's identity. This approach ensured that all patient data were handled under ethical standards and maintained the highest level of confidentiality throughout the study. This anonymization was conducted before sharing the dataset for statistical analysis with some researchers. After the statistical analysis, only the processed statistical data were made available to the rest of the research team.

3. results and discussion.
3.1 Characteristics of the study population.
We included 5,228 patients with COVID-19. The average age was 41.19 years old (SD=15.17, range=81, minimum age=18, maximum age=99 years old, median age=39 [IQR=29-51] years old). The median age was higher in cases group (41 years old, IQR=31-52, range=81 years old, minimum age=18 years old, maximum age=99 years old) compared to control group (38.00 years old, IQR=28-50, range=81 years old, minimum age=18-year-old, maximum age=99 years old; p<0.001, Median Test between independent groups).

The proportions of females and males are similar across both groups, indicating no significant difference in sex distribution between cases and controls. However, the employment rate is higher among cases than the control group. Outpatient admission is the predominant mode of healthcare access. Over 90% of the total population receives ambulatory care, but this proportion is notably higher among cases than controls. In contrast, hospital admissions are generally low, yet significantly lower among cases compared to controls. At least 15% of the total population had a history of COVID-19 vaccination. Although this rate is slightly lower among cases than controls, the difference is minimal and not statistically significant. Voluntary discharge is exceptionally rare (0.1%), with very few cases opting to leave medical care prematurely. Hospital referrals were extremely rare in both groups, indicating that very few patients required escalation to a higher level of care (table 2).

Table 2.	Sociodemographic, Clinical Features and Healthcare Access Characteristics of the study population
	[bookmark: _Hlk190529832]
	Total Population
[bookmark: _Hlk190530258]N= 5,228
	Cases
n= 1,307
	Controls
n= 3,921

	Male
	2296, 43.9; (42.6-45.3)
	574, 43.9; (41.4-46.4)
	1722, 43.9; (42.4-45.5)

	Female
	2932, 56.1; (54.7-57.4)
	733, 56.1; (53.6-58.6)
	2199, 56.1; (54.5-57.6)

	Employed*
	4330, 82.8; (81.8-83.8)
	1116, 85.4; (83.6-87.2)
	3214, 82; (80.8-83.2)

	OA
	4994, 95.5; (95-96.1)
	1299, 99.4; (98.9-99.8)
	3695, 94.2; (93.5-95)

	HA*
	234, 4.5; (3.9-5)
	8, 0.6; (0.2-1.1)
	226, 5.8; (5-6.5)

	COVID-19 VH
	800, 15.3; (14.3-16.4)
	197, 15.1; (13.3-17)
	603, 15.4; (14.2-16.6)

	VD*
	6, 0.1; (0-0.2)
	0, 0.0; (0.0-0.0)
	6, 0.2; (0.1-0.3)

	Hospital referral
	5, 0.1; (0.0-0.2)
	5, 0.1; (0.0-0.2)
	0, 0.0; (0.0-0.0)


Source: Prepared by the authors using data from the SINOLAVE System, October 2022 to May 2023. OA: Outpatient admission. HA: Hospital admission. VH: vaccination history. VD: Voluntary discharge. CI: Clinical improvement. *P value <0.001. P value was calculated by Likelihood Ratio Chi-Square Test and Yates Corrected Chi-Square Test, as appropriate.

The prevalence of signs and symptoms varies between patients in the case and control groups. Some symptoms are more frequent among cases, while others are more common in controls. The average number of signs and symptoms per person is slightly higher in cases than in controls, although the median remains the same. The most frequently reported signs and symptoms in the total population were: cough (slightly more common in controls), headache (more frequent in cases), fever (predominantly in cases), and painful swallowing (similar in both groups). Systemic symptoms such as general malaise, myalgia, and arthralgia were more common in cases. However, rhinorrhoea, dyspnoea, anosmia, and dysgeusia were more frequently observed in controls. Cyanosis and polypnoea were absent in the case group but present in a very small proportion of controls. Signs and symptoms such as abdominal pain, diarrhoea, anosmia, dysgeusia, chest pain, and conjunctivitis were observed in less than 15% of the population. Coryza, cyanosis, and polypnoea were rare overall, with coryza being slightly more frequent in controls. Cases appeared to have higher rates of systemic symptoms (malaise, fever, myalgia, arthralgia, headache), suggesting a more generalised inflammatory response. In contrast, controls exhibited higher rates of respiratory distress (dyspnoea, cyanosis, polypnoea) and sensory symptoms (anosmia, dysgeusia). These differences may reflect variations in disease progression, severity, or the stage of illness at the time of evaluation (table 3).

Table 3.	Basal clinic characteristics of the study population
	
	Total Population
N= 5,228
	Cases
n= 1,307
	Controls
n= 3,921

	SO*
	1062, 20.3; (19.1-21.4)
	210, 16.1; (14.1-18.1)
	852, 21.7; (20.3-23)

	Fever*
	3884, 74.3; (73.1-75.5)
	1034, 79.1; (77-81.3)
	2850, 72.7; (71.3-74.1)

	Cough**
	4590, 87.8; (86.9-88.7)
	1124, 86; (84-87.8)
	3466, 88.4; (87.4-89.4)

	Headache*
	4609, 88.2; (87.2-89)
	1198, 91.7; (90.1-93.1)
	3411, 87; (86-88.1)

	PS
	4049, 77.4; (76.3-78.6)
	1026, 78.5; (76.2-80.6)
	3023, 77.1; (75.7-78.3)

	GM*
	2659, 50.9; (49.5-52.1)
	819, 62.7; (60.1-65.1)
	1840, 46.9; (45.3-48.5)

	Myalgia*
	3550, 67.9; (66.6-69.2)
	937, 71.7; (69.2-74.1)
	2613, 66.6; (65.2-68.1)

	Arthralgia*
	3084, 59; (57.6-60.4)
	872, 66.7; (64-69.2)
	2212, 56.4; (54.8-58)

	PW
	94, 1.8; (1.5-2.2)
	26, 2; (1.3-2.8)
	68, 1.7; (1.3-2.2)

	Rhinorrhoea*
	3554, 68; (66.7-69.2)
	826, 63.2; (60.5-65.7)
	2728, 69.6; (68.2-71)

	Chills
	2434, 46.6; (45.2-48)
	578, 44.2; (41.6-46.9)
	1856, 47.3; (45.7-49)

	AP
	365, 7; (6.3-7.7)
	83, 6.4; (5-7.6)
	282, 7.2; (6.4-8)

	Conjunctivitis
	766, 14.7; (13.7-15.6)
	207, 15.8; (13.8-17.8)
	559, 14.3; (13.1-15.4)

	Dyspnoea*
	265, 5.1; (4.5-5.7)
	15, 1.1; (0.6-1.8)
	250, 6.4; (5.6-7.2)

	Cyanosis&
	15, 0.3; (0.2-0.4)
	0, 0.0; (0.0-0.0)
	15, 0.4; (0.2-0.6)

	Diarrhoea***
	324, 6.2; (5.6-6.9)
	61, 4.7; (3.5-5.8)
	263, 6.7; (5.9-7.5)

	Chest pain
	288, 5.5; (4.9-6.1)
	61, 4.7; (3.5-5.9)
	227, 5.8; (5.1-6.5)

	Polypnea&
	15, 0.3; (0.2-0.4)
	0, 0.0; (0.0-0.0)
	15, 0.4; (0.2-0.6)

	Coryza**
	60, 1.1; (0.9-1.4)
	7, 0.5; (0.2-1)
	53, 1.4; (1-1.8)

	Anosmia***
	338, 6.5; (5.8-7.1)
	62, 4.7; (3.6-6)
	276, 7; (6.3-7.9)

	Dysgeusia***
	340, 6.5; (5.9-7.2)
	64, 4.9; (3.7-6)
	276, 7; (6.3-7.9)

	Others
	67, 1.3; (1-1.6)
	11, 0.8; (0.4-1.4)
	56, 1.4; (1.1-1.8)

	TNS&S
	
	
	

	   Average (SD)
	6.79 (2.02)
	6.92 (1.71)
	6.75 (2.12)

	   Median (IQR)
	7 (5-8)
	7 (6-8)
	7 (5-8)


Source: Prepared by the authors using data from the SINOLAVE System, October 2022 to May 2023. SO: Sudden onset. PS: Painful swallowing. GM: General Malaise. PW: Profound weakness. AP: Abdominal pain. TNS&S: Total number of sign and symptoms. SD=Standard deviation. IQR= Interquartile range. For categorical variables P value was calculated by Yates Corrected Chi-Square Test. *P value ≤0.001. **P value <0.05. ***P value ≤0.01. &P value calculated by Fisher exact test (p=0.030)

Hypertension, Type 2 Diabetes, and Obesity were the most common conditions across both groups, with only slight variations. A history of smoking was significantly lower among cases compared to controls. Pregnancy was exclusively reported among controls. Additionally, chronic conditions such as chronic kidney disease, and cardiovascular disease, were significantly more prevalent among controls than cases. also, chronic obstructive pulmonary disease, chronic liver disease, neurological disease, immunosuppression, asthma and cancer were slightly more commonplace in the control group (table 4).

Table 4.	Basal clinic characteristics of the study population
	
	Total Population
N= 5,228
	Cases
n= 1,307
	Controls
n= 3,921

	[bookmark: _Hlk190628599]Hypertension
	600, 11.5; (10.6-12.3)
	159, 12.2; (10.5-13.9)
	441, 11.2; (10.3-12.3)

	Type 2 Diabetes
	426, 8.1; (7.4-8.9)
	103, 7.9; (6.4-9.4)
	323, 8.2; (7.4-9.1)

	Obesity
	370, 7.1; (6.4-7.8)
	98, 7.5; (6.1-8.9)
	272, 6.9; (6.1-7.8)

	Smoking History*
	158, 3; (2.6-3.5)
	24, 1.8; (1.1-2.7)
	134, 3.4; (2.9-4)

	Pregnancy
	56, 1.1; (0.8-1.4)
	0, 0.0; (0.0-0.0)
	56, 1.4; (1-1.8)

	Asthma
	48, 0.9; (0.7-1.2)
	13, 1; (0.5-1.6)
	35, 0.9; (0.6-1.2)

	CKD&*
	43, 0.8; (0.6-1.1)
	4, 0.3; (0.1-0.6)
	39, 1; (0.7-1.4)

	[bookmark: _Hlk190628859]CD&*
	37, 0.7; (0.5-0.9)
	3, 0.2; (0-0.5)
	34, 0.9; (0.6-1.2)

	Immunosuppression
	29, 0.6; (0.4-0.8)
	6, 0.5; (0.1-0.9)
	23, 0.6; (0.4-0.8)

	HIV Infection
	24, 0.5; (0.3-0.7)
	8, 0.6; (0.2-1.1)
	16, 0.4; (0.2-0.6)

	COPD
	22, 0.4; (0.2-0.6)
	3, 0.2; (0-0.5)
	19, 0.5; (0.3-0.7)

	Cancer
	21, 0.4; (0.2-0.6)
	3, 0.2; (0-0.5)
	18, 0.5; (0.3-0.7)

	CLD
	10, 0.2; (0.1-0.3)
	0, 0.0; (0.0-0.0)
	10, 0.3; (0.1-0.4)

	ND
	5, 0.1; (0-0.2)
	0, 0.0; (0.0-0.0)
	5, 0.1; (0-0.2)

	Other
	243, 4.6; (4.1-5.2)
	52, 4; (3.1-5)
	191, 4.9; (4.2-5.6)


Source: Prepared by the authors using data from the SINOLAVE System, October 2022 to May 2023. COPD: Chronic Obstructive Pulmonary Disease. CD: Cardiovascular Disease. CKD: Chronic Kidney Disease. CLD: Chronic Liver Disease. ND: Neurological Disorder. P value was calculated by Yates Corrected Chi-Square Test. *P value ≤0.01. &P value calculated by Fisher exact test (p=0.030)

3.2 Analysis of adverse clinical outcomes (severity, mortality and clinical improvement) in patients with COVID-19
In terms of clinical outcomes, mortality was observed in 1% of the total population (N=53, CI95% 0.7-1.3), with a lower rate in cases (n=1, 0.1%; CI95% 0-0.2) compared to controls (n=52, 1.3%; CI95% 1-1.7). Clinical improvement was reported in 98.8% (N=5,164/5,228; CI95% 98.5-99.1) of the total population, with a slightly higher proportion among cases (n=1,306/1,307; 99.9%, CI95% 99.8-100) compared to controls (n=3,858/3,921; 98.4%, 98-98.8). Additionally, severe cases (N=230, 4.4% CI95% 3.9-5) were significantly (p<0.001) more prevalent among controls (n=222, 5.7%; CI95% 4.9-6.4) than cases (n=8, 0.6%; CI95% 0.2-1.1).

The logistic regression analysis identified key factors associated with the three clinical outcomes. The same logistic regression model (nirmatrelvir/ritonavir [presence=1], age, sex [presence=1], employed [presence=1]) was found to be associated with all clinical outcomes (table 5).

The use of nirmatrelvir/ritonavir was significantly associated with reduced disease severity and a lower risk of mortality, but it was linked to a greater likelihood of clinical improvement (table 5). Age is associated with the severity and mortality of COVID-19. The model indicates that the likelihood of contracting COVID-19 increases with age. Regarding clinical improvement, age showed a protective effect. The probability of improvement was higher in younger patients. Male sex was associated with a higher risk of severe disease and a higher risk of mortality but with a lower likelihood of clinical improvement. Employment status was a protective factor against severe disease and mortality as well as with a higher likelihood of clinical improvement (table 5).

Table 5.	Multivariate logistic regression models associated to clinical outcomes
	Variables in the equations
	Severity case
Beta, OR (CI95%)
	Clinical improvement
Beta, OR (CI95%)
	Mortality
Beta, OR (CI95%)

	Nirmatrelvir/ritonavir (1)*
	-2.581, 0.076
(0.036-0.158)
	3.084, 21.851
(2.991-159.611)
	-2.847, 0.058
(0.008-0.425)

	Age*
	0.081, 1.085
(1.072-1.097)
	-0.087, 0.917
(0.898-0.936)
	0.083, 1.087
(1.063-1.111)

	Sex (1)*
	0.791, 2.206
(1.597-3.048)
	-0.881, 0.414
(0.237-0.725)
	0.98, 2.664
(1.441-4.925)

	Employed (1)*
	-1.151, 0.316
(0.216-0.464)
	0.923, 2.517
(1.234-5.134)
	-1.086, 0.338
(0.153-0.747)

	Constant
	-6.687
	-8.836
	8.843


Source: Prepared by the authors using data from the SINOLAVE System, October 2022 to May 2023. OR: odds ratio. CI95%: confidence interval 95%. P values were calculated using the chi-square Wald test. *Adjusted P value ≤0.001. Variables introduced in the multivariate model: Nirmatrelvir/ritonavir (presence=1, absence=0), age, sex (presence=1, absence=0), and employed (presence=1, absence=0).

In relationship to severity, the logistic regression analysis identified several factors associated with severe COVID-19 cases. The oral administration of nirmatrelvir/ritonavir was strongly associated with a lower likelihood of severe disease. Age was a significant risk factor, with each additional year increasing the odds of severe disease. The presence of headache and coryza also increased the risk of severe disease. Conversely, profound weakness and anosmia reduce the likelihood of severe COVID-19. Other factors associated with severe disease were dyspnoea and diabetes (table 6).

Table 6.	Multivariate logistic regression model associated to COVID-19 severe disease
	
	Beta
	OR
	Lower CI95%
	Upper CI95%
	P value

	Nirmatrelvir/ritonavir (1)
	-2.520
	0.080
	0.019
	0.343
	0.001

	Age
	0.063
	1.065
	1.042
	1.089
	<0.001

	Headache (1)
	1.079
	2.941
	1.231
	7.029
	0.015

	Profound weakness (1)
	-1.631
	0.196
	0.049
	0.784
	0.021

	Dyspnoea (1)
	8.383
	4372.92
	1522.538
	12559.587
	<0.001

	Coryza (1)
	2.606
	13.539
	1.816
	100.932
	0.011

	Anosmia (1)
	-3.199
	0.041
	0.007
	0.253
	0.001

	Diabetes (1)
	1.762
	5.823
	2.091
	16.217
	0.001

	Constant
	-10.622
	0.000
	
	
	<0.001


Source: Prepared by the authors using data from the SINOLAVE System, October 2022 to May 2023. OR: odds ratio. CI95%: confidence interval 95%. P values were calculated using the chi-square Wald test. Variables introduced in the multivariate model: Nirmatrelvir/ritonavir (presence=1, absence=0), age, headache (presence=1, absence=0), profound weakness (presence=1, absence=0), dyspnoea (presence=1, absence=0), coryza (presence=1, absence=0), anosmia (presence=1, absence=0), and diabetes (presence=1, absence=0).

Concerning clinical improvement, the multivariate logistic regression analysis identified several associated factors. The administration of nirmatrelvir/ritonavir was strongly linked to a higher likelihood of clinical improvement. However, age emerged as a significant negative factor, with each additional year reducing the likelihood of clinical improvement. Similarly, male sex was associated with a lower likelihood of improvement. Employment status indicates that an employed person had higher odds of clinical improvement. Regarding symptoms, sudden onset of illness reduces the likelihood of clinical improvement, whereas painful swallowing significantly increases the likelihood of recovery. Moreover, Chronic Obstructive Pulmonary Disease (COPD) decreases the odds of clinical improvement (table 7).

Table 7.	Multivariate logistic regression model associated to clinical improvement of COVID-19
	
	Beta
	OR
	Lower CI95%
	Upper CI95%
	P value

	Nirmatrelvir/ritonavir (1)
	2.801
	16.458
	2.221
	121.944
	0.006

	Age
	-0.082
	0.921
	0.901
	0.941
	<0.001

	Sex (1)
	-0.800
	0.449
	0.248
	0.813
	0.008

	Employed (1)
	0.888
	2.431
	1.165
	5.073
	0.018

	Sudden onset (1)
	-0.982
	0.374
	0.203
	0.690
	0.002

	Painful swallowing (1)
	1.746
	5.733
	3.179
	10.339
	<0.001

	COPD (1)
	-1.200
	0.301
	0.100
	0.908
	0.033

	Constant
	7.959
	2860.208
	
	
	<0.001


Source: Prepared by the authors using data from the SINOLAVE System, October 2022 to May 2023. OR: odds ratio. CI95%: confidence interval 95%. COPD: Chronic Obstructive Pulmonary Disease. P values were calculated using the chi-square Wald test. Variables introduced in the multivariate model: Nirmatrelvir/ritonavir (presence=1, absence=0), age, sex (presence=1, absence=0), employed (presence=1, absence=0), sudden onset (presence=1, absence=0), painful swallowing (presence=1, absence=0), and COPD (presence=1, absence=0).

3.5 Discussion.
3.5.1 Study Population Characteristics
Our findings align with previous studies examining COVID-19 demographics and clinical characteristics (López-Hernández 2022, Alsaeed et al. 2023, Anguiano-Velazquez et al. 2024, López-Hernández et al. 2024, Castillo-Cruz et al. 2025). The average age of our study population (41.19 years) is comparable to that reported in studies from similar settings, such as those conducted in Latin America (Ashktorab et al. 2021), Asia and Europe (Landoni et al. 2021), where the mean age ranged between 31 and 57 years. Our study identified a lower average age compared to findings from other countries such as Bolivia (43.9 years), Brazil (44.8 years) and Peru (56.8 years) (Escalera-Antezana et al. 2020, Soares et al. 2020, Ashktorab et al. 2021), including studies focused on the Mexican population (Ashktorab et al. 2021, López-Hernández 2022, López-Hernández et al 2024), a similar median age compared to Chilean (39) and Ecuadorian (40) population (Ashktorab et al. 2021, Ortiz-Prado et al. 2021), and a higher average age in previous study in Mexican population (Castillo-Cruz et al 2025). In addition, the median age difference between severe cases and no severe cases of COVID-19 in our study population (68 vs 38 years, p<0.001) indicates that severe cases tend to occur in older individuals, a trend widely documented in global literature. Moreover, the study highlights that the absolute number of COVID-19 cases was higher among females, aligning with findings from other research (Ashktorab et al. 2021, Lopez-Hernandez et al. 2024, Castillo-Cruz et al 2025) but contrasting with reports from several Asian countries (Chen et al. 2020, Guan et al. 2020; Mazumder et al. 2020; Nikpouraghdam et al. 2020; Wang et al. 2020) and the Americas (O’Brien et al. 2020, Kalyanaraman et al. 2020, Klein et al. 2020, Ashktorab et al. 2021, López-Hernández 2022). In Latin America, the highest percentage of female COVID-19 patients was observed in Peru (56.8%) and Argentina (54%), while Venezuela having the lowest (43.3%). Conversely, Venezuela had the highest proportion of male COVID-19 patients (56.7%), followed by Ecuador (55.4%), Brazil (55.2%), Mexico (53.1%), Chile (51.6%), and Bolivia (51.4%) (Ashktorab et al. 2021). Similarly, Peru reported the lowest percentage of male COVID-19 patients at 43.2% (Ashktorab et al. 2021). This trend may be explained by the higher representation of females in frontline occupations, such as healthcare and caregiving roles, which increases their risk of exposure to the virus (Vargese et al. 2022, Henneberger & Cox-Ganser 2024). On the other hand, according to Ashktorab et al., the most common symptoms reported in their study analysing eight Latin American countries for positive cases of SARS-CoV-2 infection were cough (60.1%), fatigue/tiredness (52.0%), sore throat (50.3%), and fever (44.2%) (Ashktorab et al. 2021), different from what was observed in our data. In our study population, we found that the most common symptoms were headache (88.2%), cough (87.8%), painful swallowing (77.4%) and fever (74.3%). Bolivia was the country that reported the highest positivity for cough (78.8%); followed up by Mexico. Ecuador reported the highest prevalence of fatigue followed by Peru and Bolivia with 52% and 51.5%, respectively (Ashktorab et al. 2021).

3.5.2 Sex Differences in Comorbidities and Associated Factors to adverse outcomes of COVID-19
In Mexico City and Puebla State, our previous studies show that in mature adults and the elderly population, the top three comorbidities in patients with COVID-19 are hypertension, diabetes and obesity (López-Hernández 2022, Anguiano-Velazquez et al 2024, Lopez-Hernandez et al. 2024, Castillo-Cruz et al. 2025). Additionally, several studies have identified particular comorbidities that are risk factors for COVID-19 and associated adverse outcomes specifically within the Latin American population (LaRotta et al. 2023). A systematic review and meta-analysis found that individuals in Latin America with diabetes mellitus, cardiovascular disease, obesity, lung disease, chronic kidney disease, and liver disease had different fatality rates from COVID-19 compared with regions from Asia, Europe and the United States of America (Thakur et al. 2021, LaRotta et al. 2023). In addition, diabetes, obesity, heart failure, COPD and dementia were associated with fatal COVID-19 in different world regions (Europe, Africa, North America, Western Pacific regions, Eastern Mediterranean region and Latin America), although the estimates varied. Evidence from Europe and North America showed that liver cirrhosis and cancer were also associated with an increased risk of death. The association between HIV and COVID-19 showed an increased risk of death in Africa (Treskova-Schwarzbach et al. 2021). In the same meta-analysis of global data, which examined risk factors at a regional level, pre-existing conditions associated with adverse COVID-19 outcomes in Latin America included diabetes (associated with ICU admission and death), chronic kidney disease (hospitalisation), chronic obstructive pulmonary disease (COPD) (hospitalisation and death), respiratory disease (hospitalisation), hypertension (ICU admission), obesity (ICU admission and death), immunosuppression (hospitalisation and death), and neurological disease (death) (Treskova-Schwarzbach et al. 2021, LaRotta et al. 2023). Furthermore, a single-centre study in Peru found that the most frequent comorbidities identified among SARS-CoV-2–positive patients were hypertension, obesity, and diabetes (Tejada-López et al. 2021, LaRotta et al. 2023); these comorbidities were also identified as risk factors for mortality in COVID-19 patients in eight Latin American countries (Ashktorab et al. 2021). In previous studies we found that the most common comorbidities in COVID-19 patients were hypertension, diabetes, cancer, neurodegenerative diseases, cardiovascular diseases, obesity, and kidney diseases (Lopez-Hernandez 2022, Lopez-Hernandez et al. 2024). Furthermore, in the United States, the most prevalent comorbidities are the same but in a different order, with hypertension (56%), obesity (42%), and diabetes (34%) being the most common (Kammar-García et al., 2020). Studies on the Mexican population have similarly identified diabetes, hypertension, and obesity as the primary comorbidities associated with COVID-19, consistently emerging as risk factors across all models of association (Kammar-García et al., 2020; Lopez-Hernandez, 2022). Likewise, in patients from Puebla, Mexico, hypertension and type 2 diabetes were common in both sexes, whereas obesity was significantly more prevalent in males. These findings contrast with data from the Mexican population in Mexico City, suggesting potential differences influenced by lifestyle factors (Lopez-Hernandez et al., 2024). Moreover, our data reported that diabetes increases the risk of severe COVID-19, and COPD reduces the likelihood of clinical improvement of COVID-19. Other indicators of severity in our study population were age, headache, dyspnoea, and coryza. Conversely, the use of nirmatrelvir/ritonavir was significantly associated with a reduction in the severity and mortality of COVID-19, alongside enhanced clinical improvement. Nirmatrelvir-ritonavir is the only authorised oral therapy for COVID-19 and is advised for treating mild to moderate SARS-CoV-2 infections in individuals at high risk of progression to severe disease. This encompasses individuals aged 50 years or older, particularly those aged 65 years and above, as well as younger individuals who have any of a lengthy list of comorbidities that heighten the risk of severe COVID-19 (Rubin 2024). The results observed in a systematic review and meta-analysis are consistent with our findings. The meta-analysis indicated that compared to standard treatment without antivirals, nirmatrelvir-ritonavir reduced the risk of death by 59% (OR=0.41; 95% CI 0.35–0.52) (Souza et al. 2023), which aligns with our findings (OR=0.058; 95% CI 0.008-0.425). Furthermore, there was a 53% reduction in the risk of hospital admission (OR=0.47; 95% CI 0.36–0.60). Regarding the composite outcome of hospitalisation and/or mortality, there was a 56% risk reduction (OR = 0.44; 95% CI: 0.31–0.64) (Souza et al. 2023). Moreover, an observational retrospective study conducted in Israel found that among patients aged 65 and older, those who received nirmatrelvir had significantly lower rates of hospitalisation and mortality due to COVID-19 compared to those who did not (Arbel et al. 2022). In addition, Bhatia et al., estimated a 65% reduction in the odds of hospitalisation among patients treated with Paxlovid over a 28-day follow-up period, with this effect remaining consistent regardless of vaccination status (Bhatia et al. 2023). However, notable disparities were observed in Paxlovid treatment, with lower prescription rates among Black and Hispanic or Latino patients, as well as in socially vulnerable communities (Bhatia et al. 2023). However, some studies have found no clinical benefit of nirmatrelvir/ritonavir in improving COVID-19 outcomes. A randomised clinical trial evaluating a 15-day course of nirmatrelvir/ritonavir in patients with post-acute sequelae of SARS-CoV-2 infection (PASC) reported that while the treatment was generally safe, it did not significantly improve selected PASC symptoms in a predominantly vaccinated cohort with prolonged symptom duration (Geng et al. 2024). The authors concluded that further research is needed to clarify the role of antivirals in the treatment of PASC. Another study showed that nirmatrelvir/ritonavir can significantly reduce the risk of 28-day mortality in the overall population and patients with severe disease, who benefit more from treatment (Zong et al. 2024).

3.6 Limitations and applications.
This study has several limitations. First, the data did not provide detailed information on the dosage received throughout the study period (Paxlovid is typically administered orally twice daily for five days). As a result, we assumed full adherence to treatment and no loss to follow-up, treating the intention-to-treat effect as equivalent to the per-protocol effect. Second, a retrospective, and case-control study was conducted. However, the strengths of this study to mitigate the effects of information and selection biases include three controls for each case. Additionally, the data were obtained from medical consultations in both outpatient and hospital units across the state of Puebla in a multicentre study that is representative of the state's population.

Overall, our findings reinforce existing knowledge of COVID-19 epidemiology while highlighting distinct patterns that merit further investigation. Variations in symptom presentation, comorbidity prevalence, and healthcare access may be influenced by regional factors, healthcare infrastructure, and public health interventions. These findings emphasise the importance of context-specific approaches to optimising medical care and resource allocation.

4. Conclusion.
In conclusion, our data indicates that nirmatrelvir/ritonavir can significantly reduce the risk of mortality and severity of COVID-19, and increase the clinical improvement in patients with COVID-19. These findings validated the effect of treating patients with COVID-19 in the clinical and primary healthcare setting. However, more clinical trials and future research are needed.
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