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A B S T R A C T   

Background: The COVID-19 pandemic poses a significant global health threat, characterized by high morbidity, severity, and the emergence of concerning variants. 
Latin America has been greatly affected, with high infection and mortality rates. Vaccination plays a crucial role in mitigating severe disease and controlling the 
pandemic. This study aims to assess the effectiveness of COVID-19 vaccines in preventing SARS-CoV-2 severe acute respiratory infections (SARI) in hospitalized 
vaccination target groups in Ecuador. 
Methods: This is a test-negative design study. We used data reported through sentinel surveillance of SARI between May 2021 and March 2022 in Ecuador. Patients 
with case criteria of SARI and hospitalized for a minimum of 24 hours were included in the study. Cases were defined as patients with SARI with a positive RT-qPCR 
test for SARS-CoV-2 and controls were those with a negative result. Information on vaccination status was obtained from the national vaccination registry, a valid 
dose of vaccination was considered when it was administered at least 14 days prior to symptom onset. Vaccine effectiveness (VE) (1-OR/OR) was calculated using a 
logistic regression. 
Results: A total of 1,277 patients were included in the analysis of VE. The adjusted vaccine effectiveness (aVE) in preventing hospitalization, adjusted for sex, age 
group, presence of one or more comorbidities, and period of the predominance of the omicron variant, was 44.5% for the partial primary schedule, 74.7% for the 
complete primary schedule, and 79.9% for the complete primary schedule plus booster doses. The aVE in avoiding ICU admissions was close to 80% with both the 
complete primary schedule and the booster doses, and in avoiding deaths, the aVE was 89% and 98%, respectively. 
Conclusions: In Ecuador, COVID-19 vaccination prevents hospitalizations, ICU admissions, and deaths. The effectiveness of the vaccines improves with more doses, 
offering increased protection across all age groups.   

Introduction 

The COVID-19 pandemic, caused by the SARS-CoV-2, began in late 
2019 and spread rapidly globally. The virus has caused many 

ambulatory infections, hospitalizations, and deaths, and has also 
brought about other health concerns, such as sequelae of the disease and 
mental health problems [1–3]. In response to this, an accelerated pro-
duction of COVID-19 vaccines occurred involving governments, 
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pharmaceutical companies, research institutions, and international or-
ganizations [4]. 

The first COVID-19 vaccines were licensed for emergency use in 
December 2020, and several other vaccines subsequently become 
available [5]. The availability of vaccines has varied across different 
countries and regions, leading to significant disparities in health out-
comes during the pandemic. These discrepancies are influenced by 
factors such as the level of disease transmission and access to healthcare 
services [6]. 

The COVID-19 pandemic has had a significant impact in Latin 
America, with many countries in the region experiencing high rates of 
infection and death. To respond to this, governments and organizations 
in the region have been working to acquire and distribute COVID-19 
vaccines to their populations. These concerted efforts have resulted in 
a remarkable surge in the rates of intention to vaccinate within the 
population across most Latin American countries, reaching an approxi-
mate rate of 78 % in 2021 [7,8]. 

In Ecuador, COVID-19 vaccines became available in January 2021, 
and since then, four vaccine platforms - Pfizer-BioNTech, AstraZeneca, 
CanSino, and Sinovac - have been administered. In the first phases of 
vaccination in the country, immunization of healthcare workers, people 
over 60 years of age, and vulnerable groups including those with cata-
strophic illnesses such as cancer, individuals at high risk of mortality due 
to preexisting conditions like coronary heart disease and diabetes, and 
individuals with disabilities, were prioritized [9]. By the end of 2021, 
immunization has been expanded to include children aged 5 years and 
older. Subsequently, in 2022, vaccination has further extended to chil-
dren from the age of 3 years, with the administration of booster doses 
recommended from the age of 12 years. At the beginning of 2022, the 
primary series vaccination rates for COVID-19 had impressively reached 
88 % [10]. 

Given that the different COVID-19 vaccine platforms have demon-
strated high efficacy in clinical trials, it is important to assess whether 
these technologies work equally well in the real world, in different so-
cial, health, and economic contexts, with regards to their effectiveness 
[11]. This study presents the first analysis of the early effect of vacci-
nation against COVID-19 in Ecuador. In this analysis, we estimated the 
effectiveness of vaccination against COVID-19 in preventing hospitali-
zation, intensive care unit (ICU) admission, and death from SARS-CoV-2 
from May 1, 2021 to March 31, 2022. 

Methods 

Aim, study design, and data source 

This study aims to assess the effectiveness of COVID-19 vaccines in 
preventing severe acute respiratory infections (SARI) caused by SARS- 
CoV-2 among the targeted vaccination groups admitted to hospitals 
within the sentinel SARI network in Ecuador. This is a retrospective 
case-control study with a negative test design in sentinel hospitals of the 
intensified surveillance of SARI in Ecuador, including an adaptation for 
the country from the generic protocol REVELAC-COVID-19 of Evalua-
tion of the effectiveness of the vaccine against COVID-19 in Latin 
America and the Caribbean [12]. The design of this study is similar to 
other studies, allowing us to be compared with them [13–15]. The 
sentinel SARI network is a comprehensive national surveillance system 
consisting of sixteen strategically selected sentinel hospitals distributed 
across different regions of the country. Its primary purpose is to monitor 
and analyze SARI cases nationwide, ensuring robust coverage and data 
collection [16,17]. The hospitals generate timely information regarding 
the transmission and positivity rates of various respiratory viruses, 
including influenza, adenovirus, parainfluenza, respiratory syncytial 
virus, and other respiratory viruses. The data is collected from SARI- 
related information recorded by the sentinel hospitals and laboratory 
results provided by the National Institute for Public Health Research 
(INSPI) [18]. 

Secondary data from the SARI network were used to conduct this 
study. The information hails from 12 hospitals in Ecuador located in six 
major cities: Cuenca, Ibarra, Guayaquil, Quito, Portoviejo, and Rio-
bamba. The hospitals belong to the Ministry of Public Health and the 
Ecuadorian Social Security Institute, which are part of the country’s 
comprehensive health network. The hospitals consist of six general 
hospitals, four specialized hospitals, and two specialty hospitals. 

Population and study period 

Information was included from patients 3 years of age and older 
hospitalized in the period between May 1, 2021, and March 31, 2022, 
with a diagnosis of SARI in any service of the selected sentinel hospitals. 
All identified SARI patients at the participant hospitals were tested. 

Inclusion and exclusion criteria 

The inclusion criteria consisted of patients who met the defined case 
criteria for SARI and were hospitalized for a minimum duration of 24 
hours at one of the 12 participating hospitals. Additionally, eligible 
patients needed to meet the vaccination eligibility criteria and belong to 
the corresponding group or subgroup where vaccination had already 
commenced (e.g., specific age range, geographic area, professional 
group). We specifically included patients who had received their 
vaccination at least 14 days prior to symptom onset, considering them as 
having received valid doses for analysis. 

Exclusion criteria comprised patients who had been hospitalized 
within the 14 days preceding their SARI admission, including those 
transferred between hospitals. Patients who developed symptoms after 
hospitalization, those with unknown vaccination status, and individuals 
experiencing symptom onset within 14 days after vaccination were also 
excluded from the analysis. 

Definitions and data collection 

A SARI case was defined as a patient admitted to one of the sentinel 
hospitals during the evaluation period, and who presented a history of 
fever or temperature ≥ 38 ◦C, cough, with onset of symptoms in the 
previous ten days, and who required hospitalization. This definition 
adheres to the standard definition outlined by the Surveillance System, 
which aligns with the criteria established by the World Health Organi-
zation (WHO) [19]. Hospitalization was defined as a minimum hospital 
stay of 24 h. A COVID-19 case was defined as any patient who met the 
definition of a SARI case and who presented a respiratory specimen with 
a positive result for SARS-CoV-2 by RT-qPCR at the time of admission. 
Patients hospitalized with SARI who had a positive test by RT-qPCR in 
the 14 days prior to hospitalization were also considered cases. For the 
analysis of vaccine effectiveness (VE) in preventing admission to 
intensive care units (ICU), patients with SARI who were hospitalized in 
the ICU and had a positive RT-qPCR result for COVID-19 were consid-
ered cases. In relation to VE in preventing death, cases were those with a 
positive RT-qPCR result for COVID-19 and who died during 
hospitalization. 

Controls were defined as patients meeting the definition of a SARI 
case with a negative respiratory specimen for SARS-CoV-2 by RT-qPCR 
on admission. Controls must not have had a positive result for SARS- 
CoV-2 within the 14 days preceding hospitalization. For the analysis 
of VE in preventing admission to ICU, patients with SARI who were not 
hospitalized in the ICU and who had a negative RT-qPCR result for 
COVID-19 were considered controls. In relation to VE in preventing 
death, the controls were patients with negative RT-qPCR results for 
COVID-19 and who did not die during hospitalization. 

The definition of vaccinated with the complete primary series was 
considered any patient who received two valid doses of Oxford- 
AstraZeneca ChAdOx1-S, Pfizer-BioNTech BNT162b2, or CoronaVac 
(Sinovac) vaccines or a valid dose of CanSino; that is to say that in 
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addition to having received the complete primary series, at least 15 days 
had elapsed from completion of the primary series to the onset of 
symptoms. A partial schedule was defined as any patient who had 
received only one valid dose for two-dose vaccines. A patient who had 
received one valid dose, specifically a dose administered at least 14 days 
prior to symptom onset, was classified as being vaccinated with at least 
one dose. Moreover, a booster dose was defined as an additional 
administration of the vaccine given after four months completing the full 
primary series [20]. 

We also analyzed the homologous schedule, considered when the 
product used for the first dose is the same used for the second dose 
(homologous primary schedule), and the homologous booster refers to 
the use of the same product placed to fulfill the homologous primary 
schedule. Heterologous schedule: the vaccine product used for the sec-
ond dose differs from that used for the first dose (heterologous primary 
schedule). The heterologous booster schedule refers to the administra-
tion of a vaccine product that differs from the product(s) previously used 
for a primary schedule. 

The variables extracted from the SARI surveillance databases were 
gender, age, diagnosed preexisting medical conditions, date of illness 
onset, date of respiratory specimen collection, virus variant period, ICU 
admission, death, and vaccination status. 

Statistical analysis 

Descriptive analysis was conducted by presenting frequency distri-
bution tables for both cases and controls. The age variable was sum-
marized using appropriate measures such as mean and standard 
deviation or median and quartiles. For the analysis of VE, age was 
categorized into groups: <16 years, 17–39 years, 40–59 years, 60–74 
years, and ≥ 75 years. Comorbidities were summarized as totals, and for 
the analysis of effectiveness, they were categorized as the presence or 
absence of one or more comorbidities. VE was calculated as 1-odds 
ratio/odds ratio of cases versus controls, with a 95% confidence inter-
val (95% CI). To control for confounding factors and to examine mul-
tiple interactions between factors, adjusted ORs were calculated using 
the statistical technique of logistic regression and, from these, the 
adjusted vaccine effectiveness (aVE). The information was analyzed 
with the SPSS v-24 statistical program. 

Ethical considerations 

The institutional review boards of the National Directorate of Health 
Research of the Ministry of Public Health of Ecuador and the Pan 
American Health Organization reviewed the protocol and considered it 
an evaluation of the effectiveness of vaccination (non-intervention 
study). No personal identifiers were collected. 

Results 

Patients with SARI (n=5154) were identified in the 12 sentinel 
hospitals, of whom 1445 met the inclusion and exclusion criteria 
(Table 1). The evaluation of VE was performed in 1,277 patients with 
valid doses (Fig. 1). The hospital that contributed to the highest number 
of SARI cases was Hospital Eugenio Espejo in the city of Quito with 
25.5% (n=368), while the hospital that contributed to the lowest 
number of cases was the Hospital Verdi Cevallos, located in the city of 
Portoviejo with 1.0% (n=15) of all included SARI sentinel surveillance 
cases (Table 1). 

Characteristics of SARI cases and controls 

Table 2 describes the demographic and clinical characteristics of the 
participants. A total of 566 cases and 711 controls were included for 
evaluating VE. Among the cases, 11.5% (65/566) had a partial primary 
schedule, 20.8% (118/566) had a complete primary schedule, and 4% 
(27/566) had a primary schedule plus a booster dose; 62.9% (356/566) 
cases did not receive any vaccine dose. Of the controls, 10.1% (72/711) 
had a partial primary schedule, 45.3% (322/711) had a complete pri-
mary schedule, and 12.5% (89/711) had a complete vaccination plus a 
booster dose; 32.1% (228/711) controls did not receive any dose. None 
of those evaluated had a valid second booster dose. 

The median age of the cases was higher than that of the controls (56 
vs. 49 years). Likewise, the minimum age of the cases was 4 years, and 
the maximum age was 103 years, while in the controls it was 3 and 98 
years respectively. The sample considered in the evaluation included a 
greater number of men than women. In the cases group, the highest 
number of COVID-19 cases was observed in the age group of 40 to 59 
years (36.0%), followed by the age group of 60 to 74 years. In the 
controls, the highest number of COVID-19 cases was observed in in-
dividuals younger than 16 years (24.3%), followed by the age group of 
over 75 years (22.4%) (Table 2). 

A total of 62.9% (356/566) of the cases were not vaccinated 
compared to 32.1% (228/711) of the controls. 20.8% (118/566) of the 
cases received the complete primary series compared to 45.3% (322/ 
711) of the controls, and the primary schedule plus booster with one 
dose was administered to 4.8% (27/566) of the cases and 12.5% (89/ 
711) of the controls (Table 2). When analyzing the administration by the 
type of vaccine in cases and controls, there was less inoculation in cases 
than in controls. The most administered vaccine was CoronaVac (Sino-
vac) with 49.1% (340/693) of all those vaccinated with valid doses, 
whereas the most administered booster vaccine was Oxford-AstraZeneca 
ChAdOx1-S with 79.3% (92/116) of all those who received the first 
booster dose (Table 2). 

A total of 79.9% (452/566) of the cases were hospitalized before the 
presence of the omicron variant compared to 48.4% (344/711) of the 

Table 1 
Distribution of eligible SARI cases across sentinel hospitals, overall and by SARS-CoV-2 test result. Ecuador, May 1, 2021 - March 31, 2022.  

Sentinel hospital SARI Cases 

SARS-CoV-2 positive 
n ¼ 683 
n (%) 

SARS-CoV-2 negative 
n ¼ 762 
n (%) 

Total 
n ¼ 1445 
n (%) 

Eugenio Espejo Specialty Hospital 256 (37.5) 112 (14.7) 368 (25.5) 
Riobamba General Teaching Hospital 142 (20.8) 69 (9.1) 211 (14.6) 
Enrique Garcés General Hospital 127 (18.6) 57 (7.5) 184 (12.7) 
Carlos Andrade Marín Specialty Hospital (IESS) 126 (18.4) 189 (24.8) 315 (21.8) 
Dr. José Daniel Maridueña Rodríguez Specialized Hospital 10 (1.5) 78 (10.2) 88 (6.1) 
San Vicente de Paúl General Hospital 10 (1.5) 33 (4.3) 43 (3.0) 
Verdi Cevallos General Hospital 4 (0.6) 11 (1.4) 15 (1.0) 
Baca Ortiz Specialized Children’s Hospital 3 (0.4) 27 (3.5) 30 (2.1) 
Vicente Corral Moscoso General Hospital 2 (0.3) 26 (3.4) 28 (1.9) 
Dr. Francisco Icaza Bustamante Specialized Hospital 1 (0.1) 46 (6.0) 47 (3.3) 
Homero Castanier Crespo General Hospital 1 (0.1) 70 (9.2) 71 (4.9) 
Roberto Gilbert Pediatric Specialized Hospital 1 (0.1) 44 (5.8) 45 (3.1)  
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controls. Among the vaccinated cases, the median number of days from 
vaccination to symptom onset was 48.0, 150.5, and 40.0 for the first, 
second, and third doses, respectively, in the cases group. In the control 
group, the median number of days was 157.0, 153.0, and 53.0 for the 
first, second, and third doses, respectively. 

Effectiveness in preventing hospitalization by the type of vaccination 
schedule 

When evaluating the VE of all vaccine types combined, by number of 
doses, adjusting the result considering the variables of sex, age group, 
comorbidity, and predominance of the Omicron variant, a slight 
decrease in the aVE of the complete schedule and the schedule with 
booster was observed. The aVE of the partial primary schedule (one 
dose) was 44.5% (95% CI: 15.8 – 63.5), of the complete primary 
schedule (two doses) 74.7% (95% CI: 65.4 – 81.5), and 79.9% (95% CI: 
65.3 – 88.4) for the complete schedule with a booster dose (Table 3). 

Effectiveness in preventing hospitalization by vaccine type 

The CoronaVac (Sinovac) vaccine showed aVE for the partial pri-
mary schedule, with 44.5% (95% CI: 15.8 – 63.5), being the most 
administered vaccine in the country for the primary series (Table 3). 

The complete primary schedule was homologous in 99.3% (437/ 
440) of all vaccinees with two valid doses. 57.0% (251/440) received 
CoronaVac (Sinovac), 32.3% (142/440) Pfizer-BioNTech BNT162b2, 
8.4% (37/440) Oxford-AstraZeneca ChAdOx1-S, and 1.6% (7/440) 
CanSino. Irrespective of whether administered as a homologous or 
heterologous completed primary schedule, Pfizer-BioNTech BNT162b2 
exhibited the highest aVE with a rate of 83.1% (95% CI: 73.3 – 89.3), 
followed by CoronaVac (Sinovac) with 80.1% (95% CI: 71.5 – 86.1), and 
finally, the recombinant Oxford-AstraZeneca ChAdOx1-S vaccine with 
55.7% (95% CI: 10.0 – 78.2). (Table 3). Upon evaluating all vaccines 

included in this assessment, it is evident that the aVE improves with an 
increasing number of doses received.. The aVE for the completed pri-
mary schedule was not calculated for CanSino since there were only 
seven patients in this sample. 

In the cases group, 7% (27/383) had a complete primary plus booster 
schedule, while in the control group, the proportion was higher at 28.1% 
(89/317). Among the cases, 3.0% (11/367) received a heterologous 
booster consisting of CoronaVac (Sinovac) as the complete primary 
schedule, along with either Pfizer-BioNTech BNT162b2 or Oxford- 
AstraZeneca ChAdOx1-S. In the control group, the percentage was 
higher at 16.5% (45/273). The aVE for this schedule was 93.1% (95% 
CI: 85.7 – 96.7), as shown in Table 3. 

Table 4 displays the adjusted vaccine effectiveness (aVE) among 
different age groups. It is observed that as the number of vaccine doses 
administered increases, there is a corresponding improvement in the 
aVE in all groups. It was not possible to evaluate the aVE in children 
under 16 years of age due to the small number of cases. 

Effectiveness in preventing admission in the ICUs and death 

Table 5 shows an aVE of 77.0% (95% CI: 61.8 – 86.1) and 78.4% 
(95% CI: 54.8 – 89.7) in avoiding admission to ICU for both the complete 
primary schedule and the complete schedule plus booster, respectively. 
The aVE in avoiding COVID-19 deaths was 89.1% (95% CI: 80.0 – 94.2) 
with the complete schedule and reached 98.2% (95% CI: 92.0 – 99.6) 
with the primary plus booster schedule. 

Discussion 

The analysis performed in this study shows a significant effectiveness 
of COVID-19 vaccinations in the prevention of SARI hospitalization due 
to SARS-CoV-2, from May 1, 2021 to March 31, 2022. The combined 
result of all vaccines evaluated with the complete primary schedule 

Fig. 1. Selection of severe acute respiratory infections (SARI) patients included in SARS-CoV-2 vaccine effectiveness analyses in Ecuador, May 1, 2021-March 
31, 2022. 
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showed an aVE of about 75%, and with a booster dose close to 80%. 
Additionally, the complete schedule, and the schedule with the first 
booster showed an aVE of around 78% in avoiding ICU admissions; 
moreover, an aVE in preventing death of about 89% for the complete 
primary schedule, and 98 % for the complete schedule with a booster 
dose. 

Our results are lower than those obtained by Liu et al. [21] who 
analyzed 32 studies that evaluated the effectiveness of complete primary 
schedules during 2021, which found an effectiveness of 93% (95% CI: 89 
– 96) for hospitalization, 96% (95% CI: 93 – 98) for ICU, and 95% (95% 
CI: 92 – 98) for avoiding death. Our study’s lower VE results may be 
attributed to several factors. Firstly, the variation in study design be-
tween our test-negative design and Liu et al.’s systematic review, which 
included cohort and case-control studies, can introduce methodological 
differences and potential biases that influence estimated VE [22,23]. 

Additionally, the emergence of the Omicron variant is a critical 
consideration. Our study was conducted during a period when the 
Omicron variant was present in the study population, allowing us to 
capture its potential impact on VE. In contrast, Liu et al.’s study was 
conducted prior to the emergence of the Omicron variant and therefore 
did not include cases associated with this particular variant. The unique 
characteristics of the Omicron variant, such as potential immune escape 
and increased transmissibility [24–26], may have influenced the VE in 
our study population, leading to divergent results compared to Liu 
et al.’s findings. To obtain a comprehensive understanding of vaccine 
performance against different SARS-CoV-2 variants, future studies 
should aim to incorporate data on variant-specific effectiveness. This 
will enable a more accurate assessment of VE in the context of evolving 
viral variants and provide valuable insights for public health 
interventions. 

Table 2 
Demographic and clinical characteristics of enrolled patients SARS-CoV-2 associated with severe acute respiratory infections (SARI), by case status and vaccination 
status (n = 1277).  

Variable Cases 
n ¼ 566 
n (%) 

Controls 
n ¼ 711 
n (%) 

p value Vaccinated Partial 
primary schedule 
n ¼ 137 
n (%) 

Vaccinated Complete 
primary schedule 
n ¼ 440 
n (%) 

Vaccinated Primary 
schedule þ booster 
n ¼ 116 
n (%) 

Unvaccinated 
n ¼ 584 
n (%)  

p value 

Gender         
Female 270 

(47.7) 
311 (43.7) 0.158 56 (40.9) 205 (46.6) 52 (44.8) 268 (45.9) 0.694 

Male 296 
(52.3) 

400 (56.3) 81 (59.1) 235 (53.4) 64 (55.2) 316 (54.1) 

Age         
Median 

(Q1-Q2) 
56.0 
(43.0 – 
72.0) 

48.5 
(19.0 – 
72.0) 

<0.0001 50.0 
(28.0 – 67.0) 

55.0 
(26.0 – 74.0) 

74.0 
(57.0 – 82.5) 

49.0 
(32.5 – 67.0) 

<0.0001 

Age groups         
<16 years 6 (1.1) 173 (24.3) <0.0001 18 (13.1) 72 (16.4) 0 (0.0) 86 (14.7) <0.0001 
16–39 years 105 

(18.6) 
130 (18.3) 31 (22.6) 58 (13.2) 22 (19.0) 102 (17.5) 

40–59 years 204 
(36.0) 

125 (17.6) 36 (26.3) 58 (13.2) 10 (8.6) 196 (33.6) 

60–74 years 140 
(24.7) 

124 (17.4) 33 (24.1) 58 (13.2) 30 (25.9) 112 (19.2) 

≥75 years 111 
(19.6) 

159 (22.4) 19 (13.9) 76 (17.3) 54 (46.5) 88 (15.1) 

≥one comorbidity* 256 
(45.2) 

435 (61.2) <0.0001 71 (51.8) 277 (21.7) 77 (66.4) 266 (45.5) <0.0001 

Asthma 7 (1.2) 51 (7.2) 0.000 7 (5.1) 26 (5.9) 2 (1.7) 23 (3.9) 0.202 
Chronic Heart 

Disease 
124 
(21.9) 

151 (21.2) 0.772 27 (19.7) 100 (22.7) 47 (40.5) 101 (17.3) <0.0001 

Chronic Kidney 
Disease 

27 (4.8) 55 (7.7) 0.032 8 (5.8) 37 (8.4) 19 (16.4) 18 (3.1) <0.0001 

Chronic Liver Disease 8 (1.4) 8 (1.1) 0.645 4 (2.9) 7 (1.6) 1(0.9) 4 (0.7) 0.161 
Chronic Lung Disease 17 (3.0) 83 (11.7) <0.0001 7 (5.1) 53 (12.0) 12 (10.3) 28 (4.8) <0.0001 
Diabetes Mellitus 69 (12.2) 87 (12.2) 0.980 18 (13.1) 60 (13.6) 24 (20.7) 54 (9.2) 0.004 
Down’s Syndrome 0 (0.0) 1 (0.1) 0.372 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 0.593 
Immune Disease 24 (4.2) 58 (8.2) 0.005 12 (8.8) 29 (6.6) 5 (4.3) 36 (6.2) 0.534 
Neurological Disease 19 (3.4) 51 (7.2) 0.003 5 (3.6) 28 (6.4) 8 (6.9) 29 (5.0) 0.513 
Obesity 30 (5.3) 22 (3.1) 0.127 7 (5.1) 21 (4.8) 0 (0.0) 24 (4.1) 0.400 
ICU admission 133 

(23.5) 
150 (21.1) 0.554 36 (26.3) 97 (22.0) 36 (31.0) 114 (19.5) 0.029 

Deaths 113 
(20.0) 

103 (14.5) 0.018 23 (16.8) 66 (15.0) 9 (7.8) 118 (20.2) 0.029 

Vaccine type         
Pfizer-BioNTech 

BNT162b2 
53 (9.4) 136 (19.1) <0.0001 26 (19.0) 143 (32.5) 20 (17.2) –  

Oxford-AstraZeneca 
ChAdOx1-S 

48 (8.5) 109 (15.3) 28 (20.4) 37 (8.4) 92 (79.3) – 

CoronaVac (Sinovac) 108 
(19.1) 

232 (32.6) 83 (60.6) 253 (57.5) 4 (3.4) – 

CanSino 1 (0.2) 6 (0.8) 0.012 – 7 (1.6) 0 (0.0) – 
Virus variant period         
Pre-Omicron 452 

(79.9) 
344 (48.4) <0.0001 93 (67.9) 213 (48.4) 12 (10.3) 478 (81.8) <0.0001 

Omicron 114 
(20.1) 

367 (51.6) 44 (32.1) 227 (51.6) 104 (89.7) 106 (18.2) 

*Presence of one or more comorbidities. 
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The calculated aVE of Pfizer-BioNTech BNT162b2 vaccine for the 
complete primary schedule was 83% in preventing hospitalizations due 
to SARI caused by COVID-19, a result that is consistent with information 
published in other studies, which have shown a VE of 84% to 86% for 
hospitalization due to COVID-19 [21,27,28]. Zeng et al. [29] reported a 
high effectiveness of the booster dose in preventing hospitalization; 
however, the study found that the effectiveness of all vaccines decreases 
against new variants, especially omicron, but also against new variants. 
We found a booster dose effectiveness of 83% in preventing hospitali-
zation, our data coincide with the aforementioned study, which also 
showed that the effectiveness of all vaccines decreased against the new 
variants, especially omicron. We believe that this result is because since 
January 2022, there has been a predominance of the omicron variant in 
the country; however, given the limited sample size, it was not possible 
to make a precise estimate for the period of greatest circulation of this 
variant. 

The effectiveness of the Oxford-AstraZeneca ChAdOx1-S vaccine 

with the complete primary schedule to prevent hospitalizations due to 
COVID-19 was 55.7%, lower than that reported by Bouillon et al. [30], 
that indicates an effectiveness of around 91%. This is probably due to the 
small number of subjects who received the primary homologous 
schedule with this vaccine in Ecuador. Nevertheless, it was the vaccine 
that was most frequently administered as a booster dose, demonstrating 
greater effectiveness, comparable to that described by Zeng et al. [29]. 

The effectiveness found for the CoronaVac (Sinovac) vaccine in 
preventing hospitalizations due to SARI by COVID-19 was 43% for the 
partial primary schedule and 80% for the complete primary schedule. 
Our results are comparable to those of a study conducted in Chile [31], 
of 37% and 90% respectively. However, the results of that study came 
before the appearance of the omicron variant, and therefore, the effec-
tiveness of the complete schedule could have been different. Although 
this vaccine was not used as a first booster dose in Ecuador, at the time of 
the data cut-off, the administration of a heterologous booster dose 
increased the effectiveness in preventing hospitalization to 93%. 

Table 3 
Evaluation of the effectiveness of COVID-19 vaccines in preventing hospitalization for SARI.   

Cases 
n (%) 

Controls 
n (%) 

VE 
% (95% CI) 

aVE* 
% (95% CI)  

Vaccinated Vaccinated   

Partial primary schedule 65 (15.4) 72 (24.0) 42.2 (15.9 – 60.2) 44.5 (15.8 – 63.5) 
Pfizer-BioNTech BNT162b2 11 (2.6) 15 (5.0) 53.1 (NE) NE 
Oxford-AstraZeneca ChAdOx1-S 13 (3.1) 15 (5.0) 44.4 (NE) NE 
CoronaVac (Sinovac) 41 (9.7) 42 (14.0) 37.5 (1.0 – 60.6) 42.6 (5.0 – 65.3) 
Complete primary schedule 118 (24.9) 322 (58.5) 76.5 (69.3 – 82.1) 74.7 (65.4 – 81.5) 
Pfizer-BioNTech BNT162b2 36 (7.6) 107 (19.4) 78.5 (67.4 – 85.7) 83.1 (73.3 – 89.3) 
Oxford-AstraZeneca ChAdOx1-S 15 (3.2) 22 (4.0) 56.3 (14.1 – 77.8) 55.7 (10.0 – 78.2) 
CoronaVac (Sinovac) 66 (13.9) 187 (34.0) 77.4 (68.7 – 83.7) 80.1 (71.5 – 86.1) 
CanSino 1 (0.2) 6 (1.1) 89.3 (10.7 – 98.7) NE 
Primary schedule plus booster** 27 (7.0) 89 (28.1) 80.6 (69.2 – 87.8) 79.9 (65.3 – 88.4) 
Pfizer-BioNTech BNT162b2 6 (1.5) 14 (4.4) 72.7 (27.5 – 89.6) 83 (52.5 – 93.9) 
Oxford-AstraZeneca ChAdOx1-S 20 (5.2) 72 (22.7) 82.2 (70.0 – 89.5) 90.4 (82.9 – 94.6) 
CoronaVac (Sinovac) 1 (0.3) 3 (1.0) 78.6 (NE) NE 
Heterologous booster*** 11 (3.0) 45 (16.5) 84.3 (69.1 – 92.1) 93.1 (85.7 – 96.7) 

VE: Vaccine effectiveness, aVE: Vaccine effectiveness adjusted for variables: sex, age group, comorbidity, and period of predominance of the omicron variant, NE: Not 
estimated, not significant. 
*For the logistic regression, unvaccinated patients were used as the reference category. 
**Primary schedule with both homologous and heterologous boosters. 
***Sinovac complete primary schedule + booster with either Oxford-AstraZeneca ChAdOx1-S or Pfizer-BioNTech BNT162b2. 

Table 4 
Evaluation of the effectiveness of COVID-19 vaccines in preventing hospitalization for SARI by age group.   

Cases 
n (%) 

Controls 
n (%) 

VE 
% (95% CI) 

aVE* 
% (95% CI)  

Vaccinated Vaccinated   

<16 years of age (n ¼ 179)     
Partial primary schedule 0 (0) 18 (10.4) NE NE 
Complete primary schedule 3 (50.0) 72 (41.6) 14.9 (NE) 14.9 (NE) 
16–39 years of age (n ¼ 235)     
Partial primary schedule 12 (11.3) 19 (14.6) 64.0 (18.0 – 84.3) 61.9 (14.4 – 83.6) 
Complete primary schedule 22 (21.0) 58 (44.6) 78.4 (59.2 – 88.6)) 78.2 (58.3 – 88.6) 
Primary schedule plus booster 6 (5.7) 16 (12.3) 78.6 (40.8 – 92.3) 78.9 (40.4 – 92.5) 
40–59 years of age (n ¼ 329)     
Partial primary schedule 22 (10.8) 14 (11.2) 51.9 (NE) 51.5 (NE) 
Complete primary schedule 29 (14.2) 58 (46.4) 81.9 (73.2 – 91.2) 81.5 (67.1 – 89.6) 
Primary schedule plus booster 3 (1.5) 7 (5.6) 86.9 (47.1 – 96.7) 88.2 (51.6 – 97.1) 
60–74 years of age (n ¼ 264)     
Partial primary schedule 21 (15.0) 12 (9.7) 32.9 (NE) 29.3 (NE) 
Complete primary schedule 31 (22.1) 58 (46.8) 79.6 (62.7 – 88.8) 80.0 (62.8 – 89.2) 
Primary schedule plus booster 7 (5.0) 23 (18.5) 88.4 (70.1 – 95.5) 87.3 (67.3 – 95.1) 
>75 years of age (n ¼ 270)     
Partial primary schedule 10 (9.0) 9 (5.7) 39.4 (NE) 47.8 (NE) 
Complete primary schedule 33 (29.7) 76 (47.8) 76.4 (57.1 – 87.0) 74.9 (53.6 – 86.4) 
Primary schedule plus booster 11 (9.9) 43 (27.0) 86.1 (69.2 – 93.7) 85.4 (67.3 – 93.5) 

VE: Vaccine effectiveness, aVE: Vaccine effectiveness adjusted for variables: sex, comorbidity, and period of predominance of the omicron variant, NE: Not estimated, 
not significant. 
*For the logistic regression, unvaccinated patients were used as the reference category. 
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The vaccines showed a similar effectiveness among the age groups 16 
to 75 years for the complete primary schedule of approximately 80% but 
decreased to 75% in those older than 75 years. This might be because at 
the later ages of life, the immune response is less intense to vaccination, 
and therefore, lower VE in preventing COVID-19 is expected [32–35]. 
However, the booster dose increased the VE, reaching more than 85%. 

To our knowledge, this is the first study that reports the effectiveness 
of vaccines against COVID-19 in Ecuador. One study strength is that all 
sentinel hospitals collected information using national surveillance 
guidelines, systematically looking for SARI cases, allowing similar data 
to be obtained between institutions. We adopted a methodology 
formally accepted to evaluate VE, the “test-negative design”, in which 
the same clinical case definition is used for enrolling both cases and 
controls, and laboratory testing is subsequently used to distinguish 
which patients were cases and which were controls, being convenient 
and efficient. This approach increases the similarity between cases and 
controls, thus minimizing selection bias. 

However, our study has some limitations: first, it was based on an 
existing sentinel surveillance system that was not designed to generate 
VE estimates for SARS-CoV-2. Second, due to the observational nature of 
the data, our study could have been affected by some confounding fac-
tors due to differences between cases and controls, especially in terms of 
health care-seeking behavior or risk of infection, which could have been 
affected by changes in virus transmission dynamics during the study 
data collection period. Third, the evaluation was performed on a 
retrospective dataset obtained from secondary sources, SARI sentinel 
surveillance records, vaccination records and records of RT-qPCR and 
viral genotyping results. The databases were analyzed separately and 
then consolidated into a single database. Erroneous information was 
found due to inadequate recording of the unique linkage code between 
the databases; therefore, there is a risk of data loss. Finally, despite the 
advantage of the sentinel surveillance system of being able to pool data 
from several institutions and cities in the country, we were unable to 
obtain large sample sizes, which limited our ability to make more precise 
estimates at the disaggregated level for variables such as SARS-CoV-2 
variant type. Furthermore, VE evaluation in groups under 17 years of 
age was not possible due to the small prevalence of SARI cases associated 
with COVID-19 in this group. 

Conclusion 

Vaccination against SARS-CoV-2 is effective in protecting against 
severe forms of COVID-19, to prevent hospitalization, ICU hospitaliza-
tion, and deaths from this disease. All vaccines analyzed in this study 
were effective when a complete primary plus booster series was used. 
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