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[bookmark: _heading=h.xvir7l]1.  INTRODUCTION

[bookmark: _heading=h.3hv69ve]This statistical analysis plan (SAP) describes the statistical methods to be used during the analysis of the data collected referring to the research protocol COV-04-IB: Stepped-wedge cluster randomized clinical trial to evaluate the effectiveness of using the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac. This SAP is described as follows:
[bookmark: _heading=h.x59442sxfoph]
· [bookmark: _heading=h.1x0gk37]Study design
· [bookmark: _heading=h.4h042r0]Study objectives and endpoints
· [bookmark: _heading=h.2w5ecyt]Analysis population
· [bookmark: _heading=h.1baon6m]Statistical considerations of the study
· [bookmark: _heading=h.3vac5uf]Statistical methodology
[bookmark: _heading=h.xghuqnovjwaq]
[bookmark: _heading=h.2afmg28]This SAP should be read together with the study protocol and its case report forms (CRF). Future changes to the protocol or any study CRF may require an update to the SAP.
[bookmark: _heading=h.pkwqa1]Final approval of this document must occur prior to database locking and initial statistical analyses.
[bookmark: _heading=h.e6djzbvvr6ya]
[bookmark: _heading=h.39kk8xu]2. STUDY DESIGN

[bookmark: _heading=h.1opuj5n]2.1. Description and study groups

[bookmark: _heading=h.48pi1tg]2.1.1. 	Study design

This is an open stepped-wedge cluster randomized clinical trial to evaluate the effectiveness of the two-dose vaccination schedule with the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac. The clusters (organized into four groups) are defined based on geographic location within the urban area of ​​a municipality. Further detailing can be found in Annex B of this study protocol.

[bookmark: _heading=h.2nusc19]2.1.2. 	Study Population

The study will be carried out in the urban area of ​​the municipality of Serrana - SP, with a population of around 40 thousand inhabitants. Vaccination will be offered to healthy people and/or people with clinically controlled disease, of both genders, aged 18 or over, residing in each of the clusters described in Annex B of the protocol.

[bookmark: _heading=h.1302m92]2.1.3.	Eligibility criteria

[bookmark: _heading=h.3mzq4wv]2.1.3.1. Inclusion criteria:

A. Adults 18 years of age or older;

B. Live in the study area;

C. Demonstrate the intention to participate in the study, documented by the subject’s signature of the Informed Consent Form (ICF).

[bookmark: _heading=h.2250f4o]2.1.3.2. Exclusion criteria:

A. [bookmark: _heading=h.gf75t3tlegb2]For females: Pregnancy (confirmed by a positive β-hCG test), breastfeeding and/or expressing intention to engage in sexual practices with reproductive potential without using a contraceptive method in the three months following vaccination;

B. Evidences of uncontrolled active neurological, cardiac, pulmonary, hepatic or renal disease, according to anamnesis or physical examination; Significant changes in treatment or hospitalizations due to worsening of the condition in the last three months are indicators of uncontrolled disease;
 
C. Diseases with compromised immune system, including: neoplasms (except basal cell carcinoma), congenital or acquired immunodeficiencies and uncontrolled autoimmune diseases according to anamnesis or physical examination; Significant changes in treatment or hospitalizations due to worsening of the condition in the last three months are indicators of uncontrolled disease; 

D. Behavioral, cognitive, or psychiatric illness that, in the opinion of the principal investigator or medical representative, affects the subject’s ability to understand and collaborate with the requirements of the study protocol;

E. History of any considered abusive use of alcohol or drugs in the last 12 months prior to study enrollment that has caused medical, professional or family problems, as indicated by the medical history;

F. History of severe allergic reaction or anaphylaxis to the vaccine or study vaccine components;
 
G. History of asplenia;

H. Participation in another clinical trial with administration of the investigational product during the six months preceding its inclusion in this study or scheduled participation in another clinical trial in the two years following enrollment;
 
I. Previous participation in a COVID-19 vaccine evaluation study or previous exposure to a COVID-19 vaccine;
 
J. Use of immunosuppressive therapies six months prior to inclusion in the study or schedule use of immunosuppressants within two years of study enrollment; The following therapies are considered immunosuppressive: antineoplastic drugs, radiotherapy, immunosuppressants to induce tolerance to transplants, among others;
 
K. Having received blood products (transfusions or immunoglobulins) in the last three months prior to inclusion in the study, or schedule administration of blood products or immunoglobulins within six months of study enrollment; The dose of corticosteroids considered immunosuppressive is the equivalent to prednisone at a dose of 20 mg/day for adults, for more than a week; The continuous use of topical or nasal corticosteroids is not considered immunosuppressive;
 
L. Having received blood products (transfusions or immunoglobulins) in the last three months prior to study enrollment, or scheduled administration of blood products or immunoglobulins within two years of study enrollment;
 
M. Suspected or confirmed fever within 72 hours prior to vaccination or an axillary temperature greater than 37.8°C* on the day of vaccination (enrollment may be postponed until subject completes 72 hours without fever);
 
N. Possible or confirmed case of COVID-19 on the day of vaccination (vaccination may be postponed until subject completes 72 hours without symptoms or the diagnosis is ruled out);
 
O. Having received a live attenuated virus vaccine in the last 28 days or an inactivated vaccine in the last 14 days prior to study enrollment, or having immunization scheduled for the first 28 days after study enrollment;
 
P. Having a history of bleeding disorders (e.g., clotting factor deficiency, coagulopathy, platelet dysfunction), or prior history of significant bleeding or bruising after IM injection or venipuncture;

Q. Any other condition that, in the opinion of the principal investigator or medical representative, may jeopardize the safety or rights of a potential subject or prevent them from complying with this protocol.

* The temperature measured with a temporal thermometer is considered equivalent to the axillary temperature.

[bookmark: _heading=h.mfrl2n3alyxp]
[bookmark: _heading=h.319y80a]2.1.4. 	Definition of groups for statistical analysis

Initially, the city hall, the Urban and Housing Development Company, the State Hospital of the municipality of Serrana, Instituto Butantan and local workers created a participatory mapping of the city and the urban region was divided into 25 subareas, according to the use of ground. Then, the 25 urban subareas were regrouped into four color-coded groups (green, yellow, gray and blue), balancing the population between groups and avoiding contiguous areas coded with the same color (Figure 1).
[image: ]
Figure 1. Map of the City of Serrana with clusters identified using the colors blue, yellow, green and gray. Source: own authorship.

[bookmark: _heading=h.1gf8i83]2.2.	Sample size
[bookmark: _heading=h.vro0ejum4ews]
[bookmark: _heading=h.f7f1v3rlqjwj]2.2.1. Estimated number of subjects

Adults aged 18 years or over, residing in the urban areas of the city of Serrana (Chart 1) and who meet the eligibility criteria (described in section 2.1.3 of this SAP) will be eligible for the study.

Chart 1. Estimated urban population in the city of Serrana in 2020.
	Estimated population
(n, %)
	General
	Green group
	Group
Yellow
	Group
Gray

	Group
Blue

	Total urban population
	44,183 (100)
	10,716 (24.3)
	10,399 (23.5)
	9,918 (22.4)
	13,150 (29.8)

	Total adults
	33,074 (74.9)
	8,026 (74.9)
	7,835 (75.3)
	7,323 (73.8)
	9,890 (75.2)

	0-17 years of age
	11,109 (25.1)
	2,690 (25.1)
	2,564 (24.7)
	2,595 (26.2)
	3,260 (24.8)

	18-59 years of age
	28,104 (63.6)
	6,704 (62.6)
	6,586 (63.3)
	6,319 (63.7)
	8,495 (64.6)

	≥ 60 years of age
	4,970 (11.2)
	1,322 (12.3)
	1,249 (12.0)
	1,004 (10.1)
	1,395 (10.6)



Therefore, the enrollment of 30,000 subjects was expected.

[bookmark: _heading=h.1tuee74]
[bookmark: _heading=h.4du1wux]3. STUDY OBJECTIVES AND ENDPOINTS
[bookmark: _heading=h.tii8z4us221]
[bookmark: _heading=h.2szc72q]Chart 1 shows the effectiveness objective and primary endpoints of clinical research protocol COV-04-IB. 

[bookmark: _heading=h.z337ya]Chart 1. Effectiveness objective and primary endpoints
	Objective
	Endpoints

	To evaluate the effectiveness of administering two doses of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac to individuals with 18 years of age or over to decrease the incidence of symptomatic COVID-19 cases in groups from week six onwards after the introduction of vaccination until the first quarter (13th week) of the study.
	· General incidence density of symptomatic cases of COVID-19 in the groups before and after the sixth week of vaccination introduction in the first study quarter.
· Incidence density of symptomatic cases of COVID-19 among vaccinated and unvaccinated people in the first study quarter.

	
	



[bookmark: _heading=h.184mhaj]Chart 2 presents the effectiveness and safety objectives and secondary endpoints.
[bookmark: _heading=h.vnwguqt6zml6]
[bookmark: _heading=h.3s49zyc]Chart 2. Effectiveness and safety objectives and secondary endpoints
	Objectives
	Endpoints

	To evaluate the effectiveness of administering at least two doses of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac to individuals with 18 years of age or older to decrease the incidence of symptomatic COVID-19 cases in groups from week six onwards after the introduction of vaccination in the 2nd study quarter (26th week), 3rd (39th week), 4th (52nd week), 5th (65 weeks), 6th (78 weeks), 7th (91 weeks) and 8th (104 weeks).
	General incidence density of symptomatic cases of COVID-19 in the groups before and after the sixth week of vaccination introduction for two years. Assessments will be carried out for the second, third, fourth, fifth, sixth, seventh and eighth study quarter.

	
	

	To evaluate the effectiveness of administering at least two doses of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac to individuals with 18 years of age or older to decrease the incidence of symptomatic COVID-19 cases in groups from week six onwards after the introduction of vaccination according to immunization status in each study quarter.
	General incidence density of symptomatic cases of COVID-19 in the groups before and after the sixth week of introduction of vaccination according to immunization.

	To evaluate the effectiveness of administering at least two doses of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac to individuals with 18 years of age or older to decrease the incidence of symptomatic COVID-19 cases in groups from week six onwards after the introduction of vaccination according to the presence of antibodies against SARS-CoV-2 before immunization per study quarter.
	General incidence density of symptomatic cases of COVID-19 in the groups after the sixth week of introduction of vaccination according to the presence of antibodies against SARS-CoV-2 before immunization.

	To assess the impact of vaccination coverage on the effectiveness of administering two doses of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac in individuals aged 18 years or older to reduce the incidence of symptomatic cases of COVID-19 in groups up to the first study quarter.
	General incidence density of symptomatic cases of COVID-19 in the groups according to vaccination coverage up to the first study quarter.

	To evaluate the effectiveness of administering at least two doses of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac to individuals with 18 years of age or older to decrease the incidence of hospitalization and death by COVID-19 in groups from week six onwards after the introduction of vaccination according to immunization per study quarter.
	General incidence density of hospitalizations and deaths by COVID-19 in the groups before and after the sixth week of introduction of vaccination according to immunization.

	To assess trends in the incidence of COVID-19 between the study area and other municipalities belonging to the same geographic microregion per study quarter.
	Moving average of COVID-19 cases reported in the study area and in other municipalities belonging to the same geographic microregion.

	To assess severe cases of COVID-19 in subjects who have received at least one dose of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac throughout the study.
	Frequency (n,%) of severe cases of COVID-19 in subjects who have received at least one dose of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac throughout the study.

	To assess Serious Adverse Events and Adverse Events of Special Interest in subjects who have received at least one dose of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac throughout the study.
	Frequency (n,%) of Serious Adverse Events (SAE) and Adverse Events of Special Interest (AESI) in subjects who have received at least one dose of the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac throughout the study.



Chart 3 presents the acceptability objectives and endpoints

Chart 3. Acceptability objectives and endpoints
	Objectives
	Endpoints

	To assess the vaccination acceptance rate in groups in which immunization with the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac is offered.
	Vaccination acceptance rate in groups in which immunization with the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac is offered

	To assess the adherence rate to the vaccination schedule in groups in which immunization with the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac is offered.
	Adherence rate to the vaccination schedule in groups in which immunization with the adsorbed COVID-19 vaccine (inactivated) produced by Sinovac is offered



[bookmark: _heading=h.279ka65]Chart 4 presents the exploratory objective and endpoint.
[bookmark: _heading=h.a6wgoqjcneeq]
[bookmark: _heading=h.meukdy]Chart 4. Exploratory objective and endpoint
	Objective
	Endpoint

	To assess the viral variants circulating in the population before, during and after the introduction of vaccination in the community, checking potential differences between vaccinated and unvaccinated individuals.
	Frequency (n,%) of viral variants circulating in different periods and study populations.


[bookmark: _heading=h.rh7pns1yso5o]
[bookmark: _heading=h.36ei31r]4. ANALYSIS POPULATION

[bookmark: _heading=h.1ljsd9k]4.1. Effectiveness population

To evaluate effectiveness, all adult residents in the study area will be included, regardless of whether they have received the vaccine or not. Unless there is a major protocol deviation (e.g., vaccination with other COVID-19 vaccines), individuals will remain in the analysis set and will be followed until an exclusion event occurs.

[bookmark: _heading=h.45jfvxd]4.2. Safety population

For the evaluation of safety, all subjects who received at least one dose of the study vaccine and who have safety data available will be included.

[bookmark: _heading=h.3hk7hlyccl09]4.3. Acceptability population
 
For the evaluation of acceptability, all screened subjects who signed the Informed Consent Form (ICF) and who are eligible to participate in the study will be included, regardless of whether they have received the vaccine or not.

[bookmark: _heading=h.76ll6iwjcvsn]4.4. Per-Protocol population (PP)
 
The Per-Protocol population is defined as all subjects who: meet the inclusion criteria and do not meet any exclusion criteria; receive two doses of the investigational product, according to the basic immunization schedule, within the period recommended by the protocol, under the handling and administration conditions recommended by the manufacturer (Section 3.4.1.1.2 of the protocol) and do not use medications restricted by the protocol (Section 3.4.2).
Subjects will remain in the Per-Protocol population until a major or critical deviation occurs (e.g. receiving another COVID-19 vaccine) and will contribute to the follow-up time for per-protocol analyses until the exclusion event. If the subject does not have any relevant protocol deviation, they will contribute until the end of their follow-up. The Per-Protocol analysis is the main effectiveness analysis of the study.
[bookmark: _heading=h.7eq3pr76a87i]
[bookmark: _heading=h.ok1ds3lbtfkr]4.5. Intention-to-Treat population (ITT)

[bookmark: _heading=h.z4j87bp5alss]The Intention-to-Treat population will include all randomized subjects who receive at least one dose of the investigational product. The Intention-to-Treat analysis is considered a secondary effectiveness analysis for this study.

[bookmark: _heading=h.2koq656]5. STATISTICAL CONSIDERATIONS

[bookmark: _heading=h.zu0gcz]5.1. General principles
All primary and secondary endpoints will be summarized by study quarter and groups (where applicable). In cases where the number of unknown values ​​of a variable is relevant, a category named ‘Unknown’ will be created.

[bookmark: _heading=h.3jtnz0s]5.1.1. Effectiveness analyses

Effectiveness analyses will be carried out with subjects who receive the investigational product (adsorbed COVID-19 vaccine (inactivated) produced by Sinovac) in relation to the unvaccinated population during the analysis period. When possible, the incidence of the indicated endpoint and the effectiveness of the vaccine will be calculated by quarter and study group.

[bookmark: _heading=h.1yyy98l]5.1.2. Safety analyses

The safety analyses will include all subjects who received at least one dose of the vaccine. A descriptive safety analysis will be performed for all serious adverse events (SAE) and adverse events of special interest (AESI) according to intensity. All adverse events will be coded with the MedDRA dictionary and tabulated by System Organ Class (SOC) and preferred term (PT). In addition, lists will be presented with all serious adverse events and adverse events of special interest according to: causality, intensity, predictability, evolution and endpoint.
[bookmark: _heading=h.4iylrwe]
[bookmark: _heading=h.i4cbir8j6zx7]5.2. Interim analysis

Not applicable.
[bookmark: _heading=h.35wgmq18dull]
[bookmark: _heading=h.1d96cc0]5.3. Blinding
[bookmark: _heading=h.4frni4ntrd9q]
[bookmark: _heading=h.2y3w247]Not applicable.
[bookmark: _heading=h.gs19o5awr8mg]
[bookmark: _heading=h.3bj1y38]5.4. Non-blind analysis
[bookmark: _heading=h.srvxx1p5n476]
[bookmark: _heading=h.1qoc8b1]Not applicable.

[bookmark: _heading=h.4anzqyu]5.5. Missing data management

In this study, the imputation method will not be applied for missing values for effectiveness or safety analyses.

[bookmark: _heading=h.8d7ovu145lt7]5.6. Statistical software

The main statistical analysis programs for this study will be: STATA 16.0 or newer (StataCorp LP, College Station, TX, United States) and R 4.2.0 or newer (Copyright (C) 2022 The R Foundation for Statistical Computing), although other statistical programs may be used.

[bookmark: _heading=h.2pta16n]6. STATISTICAL METHODOLOGY

[bookmark: _heading=h.14ykbeg]6.1. Study variables

[bookmark: _heading=h.3oy7u29]The following study variables will be analyzed:

i. [bookmark: _heading=h.243i4a2]Subject’s baseline data: age, sex, serological status, previous medical history and concomitant medication.
ii. [bookmark: _heading=h.j8sehv]Vaccination information: study site, date of vaccination.
iii. [bookmark: _heading=h.bdzxknlf0f5c]Information about outcome: date of occurrence and result of the RT-PCR test.
iv. [bookmark: _heading=h.jmgmorji4gmr]Information on severe cases of COVID-19: age, pre-existing condition, reference dose, signs and/or symptoms, WHO score.
v. [bookmark: _heading=h.338fx5o]Information about SAE and AESI:
· [bookmark: _heading=h.1idq7dh]Frequency (n, %);
· [bookmark: _heading=h.lcbdhv2o3pgu]Report of SAE and AESI according to: 
· [bookmark: _heading=h.9lsnq84ixlkd]Start and end date;
· [bookmark: _heading=h.pottf18tj36d]Outcome;
· [bookmark: _heading=h.42ddq1a]Causal relationship to the product: certain, probable, possible, improbable, unrelated;
· [bookmark: _heading=h.2hio093]MedDRA code according to PT and SOC of the adverse event;
· [bookmark: _heading=h.wnyagw]Degree of the adverse event.
[bookmark: _heading=h.3u2rp3q]6.2. Descriptive analysis
Categorical variables will be presented using absolute and relative frequencies. The moving average of COVID-19 cases will be presented to assess COVID-19 incidence trends in municipalities belonging to the same geographic microregion.
[bookmark: _heading=h.2981zbj]6.3. Safety analysis
The frequencies (n, %) and reports of all SAEs and AESIs that occurred during the subject’s follow-up period will be available at the end of the study.
[bookmark: _heading=h.odc9jc]
[bookmark: _heading=h.38czs75]6.4. Effectiveness analysis

Vaccination effectiveness will be estimated using the mixed Poisson regression model, considering the group as a random effect (when applicable) and will be presented with its respective 95% confidence interval (95%CI). 

6.5. Missing data analysis

Not applicable.
[bookmark: _heading=h.79jpv737s2tn]
[bookmark: _heading=h.1nia2ey]7. REFERENCES
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[bookmark: _heading=h.47hxl2r]8. ABBREVIATIONS AND ACRONYMS

CRF		Case Report Form

SAE		Serious adverse event
[bookmark: _heading=h.qggnl5c7asfn]
[bookmark: _heading=h.3ls5o66]AESI		Adverse event of special interest

IB		Instituto Butantan
[bookmark: _heading=h.sf2ud39jagwu]
[bookmark: _heading=h.1f7o1he]95%CI		95% confidence interval
[bookmark: _heading=h.7yyb3zbn33l3]
[bookmark: _heading=h.xykbeo7kh318]ITT		Intention-to-Treat

MedDra	Medical dictionary for regulatory activities

WHO		World Health Organization
[bookmark: _heading=h.8refaw92h3i1]
[bookmark: _heading=h.2eclud0]SAP   		Statistical analysis plan
[bookmark: _heading=h.h1itquycfiat]
[bookmark: _heading=h.thw4kt]PP		Per-Protocol

PT		Preferred term

SOC		System Organ Class

SP		São Paulo
ICF		Informed Consent Form
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