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ARTICLE INFO ABSTRACT

Article history: Objectives: Vaccination has been effective in ameliorating the impact of COVID-19. Here, we report vac-

Received 20 July 2022 cine effectiveness (VE) of the nationally available COVID-19 vaccines in Mexico.

Revised 5 January 2023 Methods: Retrospective analysis of a COVID-19 surveillance system to assess the VE of the BNT162b2,

Accepted 27 January 2023 messenger RNA (mRNA)-12732, Gam-COVID-Vac, Ad5-nCoV, Ad26.COV2.S, ChAdOx1, and Coronavac vac-
cines against SARS-CoV-2 infection, COVID-19 hospitalization, and death in Mexico. The VE was estimated

Keywords: using time-varying Cox proportional hazard models in vaccinated and unvaccinated adults, adjusted for

COVID-19 age, sex, and comorbidities. VE was also estimated for adults with diabetes, aged >60 years, and compar-

Vaccine effectiveness ing the predominance of SARS-CoV-2 variants B.1.1.519 and B.1.617.2.

SMAii_xlcict);/_z Results: We assessed 793,487 vaccinated and 4,792,338 unvaccinated adults between December 24, 2020

and September 27, 2021. The VE against SARS-CoV-2 infection was the highest for fully vaccinated indi-
viduals with mRNA-12732 (91.5%, 95% confidence interval [CI] 90.3-92.4) and Ad26.COV2.S (82.2%, 95% CI
81.4-82.9); for COVID-19 hospitalization, BNT162b2 (84.3%, 95% CI 83.6-84.9) and Gam-COVID-Vac (81.4%
95% CI 79.5-83.1), and for mortality, BNT162b2 (89.8%, 95% CI 89.2-90.2) and mRNA-12732 (93.5%, 95% Cl
86.0-97.0). The VE decreased for all vaccines in adults aged >60 years, people with diabetes, and periods
of Delta variant predominance.
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Conclusion: All the vaccines implemented in Mexico were effective against SARS-CoV-2 infection, COVID-
19 hospitalization, and death. Mass vaccination with multiple vaccines is useful to maximize vaccination

coverage.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

COVID-19 has imposed a significant public health challenge
worldwide. In Mexico, the mitigation of COVID-19 has imposed a
significant challenge due to the large impact of cardiometabolic
diseases and long-standing sociodemographic and health care
inequalities in the region [1-3]. The most significant contribut-
ing factor to decreasing the impact of COVID-19 has been the
availability of vaccines to prevent symptomatic and severe forms
of SARS-CoV-2 infections [4,5]. Available COVID-19 vaccines
are effective in preventing symptomatic SARS-CoV-2 infection
and COVID-19-related hospitalization and death [6-12]. Despite
the availability of randomized clinical trials to inform vaccine
efficacy, population-based studies to estimate vaccine effective-
ness (VE) are required to evaluate and inform future vaccine
rollouts, assess and prioritize eligibility for vaccine boosters,
and reduce vaccine hesitancy [13]. With the emergence of new
SARS-CoV-2 variants of interest with varying rates of immune
evasion and the occurrence of increasingly complex forms of
hybrid immunity, information on the effectiveness of vaccines
remains of high relevance as more vaccine boosters become
available [14].

The COVID-19 vaccination program in Mexico sequentially
implemented seven nationally available vaccines in its initial
rollout: BNT162b2, messenger RNA (mRNA)-12732, Gam-COVID-
Vac, Ad5-nCoV, Ad26.COV2.S, ChAdOx1, and CoronaVac. To date,
population-based studies have reported population-wide ef-
fectiveness of the BT162b2 vaccine [15-17], ChAdOx1 [18-20],
mRNA-12732 [21,22], Ad26.COV2.S [23,24], and the rAd26 com-
ponent of the Gam-COVID-Vac vaccine [25]. Nevertheless, studies
in Latin America have been limited, with only two reports on
the efficacy of the CoronaVac vaccine [26,27] and recent reports
of programs with multiple vaccine programs in Argentina and
Colombia [28,29]. The Mexican COVID-19 vaccination program
offers a unique opportunity to evaluate the simultaneous effec-
tiveness and impact of a large set of available COVID-19 vaccines
against SARS-CoV-2 infection and COVID-19-related hospitaliza-
tion and death, and report the estimates for the effectiveness
of the Gam-COVID-Vac and Ad5-nCoV vaccines, which have had
limited population-based evidence beyond clinical trials [7,12,30].
Furthermore, older adults and patients with conditions which
may lead to impaired immune response to COVID-19 vaccines
and who may benefit from prioritization for booster allocation
are often under-represented in clinical trials; evaluating the
effectiveness of COVID-19 vaccines in these groups remains a
public health priority [31]. In this study, we sought to provide
the first nationwide evaluation for the effectiveness of nation-
ally available COVID-19 vaccines for SARS-CoV-2 infections and
COVID-19 hospitalization and death and the impact of circulating
variants, older age, and comorbidities, with a particular focus on
diabetes, in modifying the effectiveness for the seven nationally
available COVID-19 vaccines implemented within the initial roll-
out of the Mexican vaccination program during the 2020-2021
period.
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Methods
Study population and design

We conducted a retrospective study using data from a national
cohort within a SARS-CoV-2 surveillance program to evaluate the
VE for the nationally available COVID-19 vaccines in Mexico. We
included adults aged 18 years or older who were evaluated within
the Sistema de Vigilancia Epidemiolégica de Enfermedades Respi-
ratorias (SISVER) database of the General Directorate of Epidemi-
ology of the Mexican Ministry of Health for suspected SARS-CoV-
2 infection. SISVER is a nationwide sentinel surveillance system
that collects clinical and epidemiological information of suspected
COVID-19 cases in Mexico at the point of testing and updates
clinical and sociodemographic information pertaining to clinical
outcomes and vaccination status during epidemiological follow-
up of all suspected cases as more information becomes available
[1,2]. Vaccination status, date, and specific vaccine product were
self-reported by the evaluated persons as part of epidemiologi-
cal follow-up of suspected COVID-19 cases and were ascertained
as part of epidemiological follow-up, whenever possible, with offi-
cial proof of vaccination. The data are collected and its quality is
evaluated in each individual facility by trained personnel and then
pooled and verified in its entirety on a daily basis by personnel
from the General Directorate of Epidemiology of the Mexican Min-
istry of Health. For this analysis, we included cases of individuals
aged >18 years with suspected SARS-CoV-2 infection, evaluated in
SISVER from December 24, 2020, the start of the vaccination roll-
out program, and until September 27, 2021 to account for the pri-
mary rollout of vaccines before the initiation of booster vaccina-
tion, which implemented complex homologous and heterologous
vaccination protocols and were analyzed elsewhere [14]. We com-
pared the cases with at least one dose of any available vaccine in
Mexico with unvaccinated cases during the same period. As per
the World Health Organization recommendations and given pre-
vious evidence on immune response to COVID-19 vaccination, we
only considered fully or partially vaccinated cases as those with
>14 days after receiving at least one vaccine dose and those with
less than the specified time were considered as unvaccinated or
partially vaccinated, as required [27,31].

COVID-19 vaccination in Mexico

Mexico approached its vaccination strategy by incorporating
multiple vaccines to maximize the national vaccination coverage.
The SARS-CoV-2 vaccines, which were applied in Mexico during
the primary vaccination rollout, included BNT162b2, mRNA-12732,
Gam-COVID-Vac, Ad5-nCoV, Ad26.COV2.S, ChAdOx1, and CoronaVac
[32]. The primary vaccination protocols for most vaccines included
a two-dose regimen as recommended by manufacturers, with the
exemption of one-dose vaccines for Ad5-nCoV and Ad26.COV2.S.
Fully vaccinated individuals were considered if they completed the
vaccination protocol for two- or one-dose vaccines and partially
vaccinated individuals were considered if they only completed one
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of a two-dose vaccine protocol. All vaccines received emergency
authorization for their use during the COVID-19 pandemic in Mex-
ico by the Federal Commission for the Protection against Sanitary
Risks, the Mexican health regulatory agency, after demonstrating
the efficacy in phase III studies [33]. The primary vaccination roll-
out for the population aged >18 years started for essential health
care workers on December 24, 2020 and continued with adults
aged over 60 years and the rest of the population starting in Febru-
ary 2021, with an estimated vaccine rollout of 44.63 million adults
with a full vaccination protocol and 18.85 million with a partial
vaccination protocol successfully completed as of September 27,
2021, accounting for a coverage of 49% of the population with
at least one dose [34]. Additional details on nationally available
COVID-19 vaccines in Mexico are reported in Supplementary Mate-
rial. This report excludes information regarding booster vaccination
in Mexico, which started its rollout in December 2021, coinciding
with the spread of the SARS-CoV-2 Omicron variant in Mexico [35].

Outcomes

We calculated the VE based on three primary outcomes (i)
confirmed SARS-CoV-2 infections, including both symptomatic
and asymptomatic individuals, defined as laboratory-confirmed
SARS-CoV-2 infections with either rapid antigen test or reverse
transcription-polymerase chain reaction. All the diagnostic tests
used to identify SARS-CoV-2 infections were certified by the
Federal Commission for the Protection against Sanitary Risks
and implemented as per the World Health Organization recom-
mendations [36]; (ii) COVID-19-related hospitalization; and (iii)
COVID-19-related death, classified as all-cause mortality. We also
further stratified the VE based on the following criteria:

a. Predominant SARS-CoV-2 variant—the relevant variants of inter-
est in Mexico were screened by the Mexican Genomic Surveil-
lance Consortium (COVIDGen-Mex) [37]|. During the evalu-
ated period, COVIDGen-Mex reported the predominance of the
B.1.1.519 variant before July 1, 2021 and the B.1.617.2 (Delta)
variant after this period. To evaluate the changes in the VE
based on the predominant variant circulation, we stratified the
analyses based on the date of symptom onset before July 1,
2021 as the B.1.1.519 predominance and after that period, the
Delta predominance. Infection was assumed to be most likely
caused by the predominant variant based on the date of symp-
tom onset.

b. Age strata—Given the under-representation of older adults in
vaccine clinical trials and observed inequities on the impact of
COVID-19 on this population in Mexico [2], we evaluated the
VE using 60 years as the cut-off for age.

c. Comorbidities—The prevalence of diabetes and obesity in Mexi-
can population are high and the impact of their impact on the
course of the COVID-19 pandemic in Mexico has been widely
reported [1,38,39]. To this end, we also evaluated the VE for in-
dividuals with diabetes and, secondarily, obesity.

Statistical analyses

Given that the vaccination rollout was sequential and that rates
of infection in vaccinated and unvaccinated changes over time, we
included a time-varying component into the VE estimation. Briefly,
the VE was estimated using a Cox proportional hazard regres-
sion model, which accounts for the time-varying covariate of time
from the beginning of follow-up until vaccination, as previously
described [27,40]. The model was specified as follows:

Alt|Z(6)] = 20(t) exp[ B'x + y'Xg(t)]

Where A[t|Z(t)] is the baseline risk function for individuals at the
beginning of the study, without assumption of an underlying dis-

190

International Journal of Infectious Diseases 129 (2023) 188-196

tribution, B’ represents a vector of fixed covariates, and y’Xg(t)
represents the time-varying vaccination status for all evaluated
persons. The exposure person-time for all subjects was calculated
from December 24, 2020 until the onset of each evaluated outcome
or until the last follow-up, whichever occurred first. The vaccina-
tion status was evaluated as a time-dependent covariate for each
evaluated vaccine, calculated as the time from study entry to ap-
plication of the first dose of any received vaccine. The VE was es-
timated for each evaluated vaccine product, where effectiveness is
defined as 1 minus the hazard ratio of the resulting Cox model. For
each evaluated outcome, each individual vaccine product was com-
pared with the unvaccinated population; this was also conducted
for the subgroup analyses for age, predominant circulating variant,
and comorbidities. We fitted all models for each vaccine product
adjusted for age, sex, comorbidities and stratified them per munic-
ipality of origin to account for region-level variation in pandemic
dynamics, including all stratified analyses. All statistical analyses
were conducted using R version 4.1.2.

Results
Study population

We evaluated 793,487 vaccinated persons aged 18 or older and
with >14 days from vaccination who were evaluated for suspected
SARS-CoV-2 infection from December 24, 2020 until September
27, 2021. Overall, 437,968 cases were fully vaccinated with ei-
ther one- or two-dose regimens and 355,519 were partially vac-
cinated. The most frequent vaccines with at least one dose were
ChAdOx1 (n = 292,800), followed by BNT162b2 (n = 250,306),
Ad5-nCoV (n = 87,585), Gam-COVID-Vac (n = 79,551), Coron-
aVac (n = 62,474), Ad26.COV2.S (n = 14,870), and mRNA-12732
(n = 5401). During the study period 4,792,338 unvaccinated in-
dividuals aged >18 years were assessed and included as controls
in the study. The comparison of demographic characteristics and
clinical outcomes disaggregated by vaccination status and type are
presented in Supplementary Materials. Of interest, most vaccinated
cases were in the 30-59 years age group. Regarding vaccine dis-
tribution, the Ad26.COV2.S vaccine was used in a younger popula-
tion and the Gam-COVID-Vac and CoronaVac vaccines were used in
a generally older population. Cases with diabetes more frequently
reported vaccination with the BT162b2, Gam-COVID-Vac, and the
CoronaVac vaccines. A full flowchart of evaluated individuals and
the distribution of vaccines within the SISVER registry and in-
cluded in the study is provided in Figure 1.

Incidence of COVID-19 and related outcomes during the study period

During the study period, a total of 1,700,212 confirmed SARS-
CoV-2 cases were reported. Overall, unvaccinated individuals ac-
counted for 549,685,635 person-days of follow-up, with 80,621,913
person-days for partially vaccinated and 98,631,832 person-days
for fully vaccinated individuals. The incidence rates for SARS-CoV-2
infection in these subgroups were 1.19 cases per 1000 person-days
for fully vaccinated individuals, followed by 1.41 cases per 1000
person-days for partially vaccinated individuals and 2.67 cases
per 1000 person-days for unvaccinated individuals. We identified
230,780 COVID-19-related hospitalizations and 112,234 COVID-19
confirmed deaths. The cumulative incidence of SARS-CoV-2 in-
fection and COVID-19-related hospitalizations and deaths were
lower for vaccinated individuals for all evaluated vaccine products
(Figure 2).
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Cases registered in the SISVER dataset with suspected
COVID-19 N=6,479,498

No confirmed COVID-19 test or

under 18 years
N=771,316

Cases 218 years with confirmed COVID-19 test result
=5,708,182

Cases with <14 days since vaccine

or vaccinated with other vaccine

products
Unvaccinated cases or cases with 214 days since N=122,357
vaccination and vaccinated with nationally available
vaccines N=5,585,825
Unvaccinated Partially vaccinated Fully vaccinated
=4,792,338 =355,519 N=437,968

Figure 1. Flow diagram of individuals registered in the SISVER dataset from December 24, 2020 until September 27, 2021 after consideration of exclusion criteria for inclusion

in our study.
SISVER, Sistema de Vigilancia Epidemiol6gica de Enfermedades Respiratorias.
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Figure 2. Cumulative incidence plots for laboratory confirmed SARS-CoV-2 infection, COVID-19-related hospitalization and death for unvaccinated individuals compared with
individuals with at least one-dose of all evaluated nationally available vaccines after the start of follow-up from December 24, 2020.

mRNA, messenger RNA.

Table 1

Estimated vaccine effectiveness for all nationally available COVID-19 vaccines in Mexico compared to unvaccinated adults (>18 years) from December 24, 2020, until Septem-
ber 27, 2021. Effectiveness was estimated against laboratory-confirmed SARS-CoV-2 infection, COVID-19-related hospitalization and death. Partial and fully vaccinated status

were considered for individuals with >14 days from vaccination until outcome.

COVID-19 Vaccine Number vaccinated Status Incident SARS-CoV-2 infection COVID-19 COVID-19 Mortality
(95% CI) Hospitalization (95% CI) (95% CI)
BNT162b2 53,728 Partial 63.59 (62.87-64.3) 72.08 (70.54-73.53) 79.62 (77.76-81.33)
197,078 Complete 80.34 (80.11-80.57) 84.26 (83.61-84.89) 89.83 (89.16-90.46)
ChAdOx1 232,550 Partial 61.49 (61.14-61.83) 73.9 (73.13-74.65) 81.02 (80.03-81.96)
60,250 Complete 80.79 (80.43-81.14) 80.23 (79.29-81.13) 86.81 (85.89-87.67)
Gam-COVID-Vac 39,599 Partial 67.73 (66.88-68.57) 82.71 (80.66-84.53) 87.14 (84.45-89.36)
39,952 Complete 78.75 (78.17-79.31) 81.38 (79.45-83.13) 87.7 (85.82-89.33)
CoronaVac 28,005 Partial 53.41 (52.41-54.39) 69.47 (67.59-71.24) 76.14 (73.71-78.34)
34,469 Complete 71.93 (71.35-72.51) 73.76 (72.49-74.96) 80.38 (79.04-81.64)
messenger RNA-1273 1637 Partial 87.48 (85.13-89.45) 85.07 (76.25-90.62) 93.1 (81.55-97.42)
3764 Complete 91.45 (90.34-92.43) 78 (69.01-84.38) 93.46 (85.96-96.95)
Ad5-nCoV 87,585 Complete 70.5 (70.09-70.9) 72.31 (71.1-73.47) 79.93 (78.52-81.24)
Ad26.COV2.S 14,870 Complete 82.18 (81.39-82.94) 77.33 (72.91-81.03) 85.79 (80.1-89.86)

Cl, confidence interval

VE for nationally available two-dose vaccines

The detailed effectiveness for SARS-CoV-2 infection and COVID-
19-related hospitalization and mortality are available in Table 1
and stratified by subgroups in Figure 3. For the BNT162b2 mRNA
vaccine, the effectiveness against SARS-CoV-2 infection in partially
vaccinated individuals was 63.59% (95% confidence interval [CI]

191

62.87-64.3) and increased with a two-dose regimen to 80.34%
(95% CI 80.11-80.57). The protection for fully vaccinated individu-
als was 84.26% (95% CI 83.61-84.89) for hospitalization and 89.83%
(95% CI 89.16-90.46) for mortality. In fully vaccinated individuals,
a decreased effectiveness for SARS-CoV-2 infection and COVID-19-
related mortality was observed for individuals aged >60 years or
those with diabetes. The protection against the predominant Delta
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variant was decreased for SARS-CoV-2 infection but slightly in-
creased against COVID-19-related mortality than the period with
predominance of the B.1.1.519 variant (Supplementary Material).
For the ChAdOx1 vaccine, the effectiveness against SARS-CoV-
2 infection in partially vaccinated individuals was 61.49% (95% CI
61.14-61.83), which increased in fully vaccinated individuals with a
two-dose regimen to 80.79% (95% CI 80.43-81.14). Regarding hospi-
talization, the ChAdOx1 vaccine reached an effectiveness of 80.23%
(95% CI 79.29-81.13) against COVID-19-related hospitalization and
86.81% (95% CI 85.89-87.67) for mortality. A lower effectiveness

ChadOx1

79.55

192

CoronaVac

Gam-COVID-Vac

mRNA-1273

90.93
85.74

76.54

68.69. .
1 65.27

60.23

55.51

Figure 3. Estimated vaccine effectiveness against SARS-CoV-2 infection for nationally available COVID-19 vaccines stratified by predominant circulating SARS-CoV-2 variant
(B.1.1.519 vs B.1.617.2, a), age group (over vs under 60 years, b) and diabetes status (c).
mRNA, messenger RNA.

was observed for adults aged >60 years and those with diabetes
or obesity, as well as during the predominance of the Delta vari-
ant, for both SARS-CoV-2 infection and COVID-19-related mortality
(Figure 3, Supplementary Material).

The rAd26 first-dose component of the Gam-COVID-Vac vac-
cine reached an effectiveness of 67.73% (95% CI 66.88-68.57)
against SARS-CoV-2 infection and increased with the second rAd5
component to 78.75% (95% CI 78.17-79.31). The effectiveness for
hospitalization in fully vaccinated individuals was 81.38% (95%
CI 79.45-83.13) and 87.7% (95% CI 85.82-89.33) for mortality. The
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effectiveness in fully vaccinated individuals with the Gam-COVID-
Vac vaccine against SARS-CoV-2 infection markedly decreased
for adults aged >60 years and those with obesity or diabetes or
during the periods of Delta variant predominance (Figure 3a).
A decreased effectiveness was also observed for COVID-19 mor-
tality for these evaluated categories, except for periods of Delta
predominance (Supplementary Material).

The inactivated SARS-CoV-2 CoronaVac vaccine reported an ef-
fectiveness of 53.41% (95% Cl 52.41-54.39) for SARS-CoV-2 infection
in partially vaccinated and 71.93% (95% CI 71.35-72.51) in fully vac-
cinated individuals. The protection against COVID-19-related hospi-
talization in fully vaccinated individuals was 73.76% (95% CI 72.49-
74.96) and 80.38% (95% CI 79.04-81.64) for mortality. CoronaVac
showed a decreased effectiveness in adults aged >60 years with
obesity or those with diabetes for both SARS-CoV-2 infection and
COVID-19-related death. Nevertheless, this vaccine did not display
a decreased effectiveness during the periods of predominance of
the Delta variant (Figure 3a).

Finally, for the mRNA-1273 vaccine, we observed the highest
effectiveness against SARS-CoV-2 infection in partially vaccinated
individuals with 87.48% (95% ClI 85.13-89.45), which increased to
91.45% (95% Cl 90.34-92.43) in fully vaccinated individuals. For
the protection against COVID-19-related hospitalization, the mRNA-
1273 vaccine reached 78.0% (95% Cl 69.01-84.38) effectiveness and
93.46% (95% Cl 85.96-96.95) for mortality in fully vaccinated in-
dividuals. A decreased effectiveness was only observed for adults
aged >60 years for SARS-CoV-2 infection, with stable effectiveness
for all other evaluated categories (Figure 3b, Supplementary Mate-
rial).

VE for nationally available one-dose vaccines

Regarding the Ad5-nCoV vaccine, we observed an effectiveness
for SARS-CoV-2 infection of 70.5% (95% CI 70.09-70.9), 72.31% (95%
Cl 71.1-73.47) for hospitalization, and 79.93% (95% ClI 78.52-81.24)
for mortality (Table 1). The effectiveness against SARS-CoV-2 in-
fection decreased for adults aged >60 years, those with diabetes,
and during predominance of the Delta variant (Figure 3); however,
against COVID-19-related death, this reduction was only observed
in adults aged >60 years or cases with diabetes, with stable effec-
tiveness during periods with predominance of the Delta compared
with the B.1.1.519 variant (Supplementary Material).

Finally, the Ad26.COV2.S vaccine yielded the second highest
effectiveness against SARS-CoV-2 infection, with 82.18% (95% CI
81.39-82.94), 77.33% (95% Cl 72.91-81.03) for hospitalization, and
85.79% (95% CI 80.1-89.86) for mortality. For SARS-CoV-2 infection,
this vaccine displayed stable effectiveness for all evaluated cate-
gories, with decreased effectiveness only for individuals with dia-
betes against COVID-19-related mortality.

Discussion

In this study of 793,487 vaccinated individuals aged >18 years
compared with 4,792,338 unvaccinated controls, we provided the
estimates of the effectiveness of seven COVID-19 vaccines for the
prevention of laboratory-confirmed SARS-CoV-2 infection, as well
as COVID-19-related hospitalization and all-cause mortality, imple-
mented within the primary national COVID-19 vaccination in Mex-
ico. Overall, all vaccines implemented in the Mexican National Vac-
cination Program proved to be effective in protecting against all
evaluated outcomes in fully vaccinated adults; VE for SARS-CoV-2
infection was reduced in for adults aged >60 years, people living
with diabetes, and during periods with predominance of the Delta
compared with the B.1.1.519 variants of SARS-CoV-2 in Mexico. To
the best of our knowledge, ours is the first study to additionally
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report estimates of effectiveness for the heterologous Gam-COVID-
Vac and the Ad5-nCOV vaccines, which were widely used in Mex-
ico to rapidly increase vaccine coverage, which proved to be ef-
fective against all evaluated outcomes as previously observed for
the Gam-COVID-Vac vaccine in Argentina [28]. Notably, the effec-
tiveness of COVID-19 vaccines in Mexico has been reported to be
sustained for booster vaccination and provide additional protection
in individuals with previous SARS-CoV-2 infection [14].

The VE estimates in Mexico were similar to those reported in
other countries and settings [23,25-29,40], with similar reductions
of effectiveness for periods of increased circulation of the Delta
variant of SARS-CoV-2 [41-43]. Notably, all estimates of VE ob-
served in our study coincide with the circulation of two main
SARS-CoV-2 variants, the B.1.1.519, which was highly prevalent in
Mexico from December 2020 until July 2021 [44,45], and the Delta
variant (B.1.617.2) [46]. The estimates for VE for SARS-CoV-2 in-
fection for all vaccines were generally lower for Delta than the
B.1.1.519 variant. Interestingly, the effectiveness against COVID-19-
related mortality was surprisingly lower for B.1.1.519, confirming
previous data suggesting increased severity for cases infected with
this variant, which comprised up to 89% of cases in Mexico by
February 2021 [44].

We also report on a reduction in the VE against SARS-CoV-2
infection and COVID-19-related hospitalization and death for most
evaluated vaccines in older adults and persons living with diabetes.
Previous data had shown that the waning of vaccine-induced im-
munity was associated with increased age and comorbidity [47].
Our observations of reduced VE in people living with diabetes
also supports previous evidence, which reported that reduced neu-
tralizing antibody response and immunogenicity were observed
in people with diabetes [48]. These results are particularly rele-
vant in Mexico, where diabetes is a leading cause of morbidity,
increasing the risk of severe COVID-19 and COVID-19 mortality
[1,38,49]. Reductions in the VE against SARS-CoV-2 infection were
most pronounced for the ChAdOx1, Gam-COVID-Vac, CoronaVac,
and BNT162b2 vaccines, with more stability for the Ad26.COV2.S,
Ad5-nCoV, and mRNA-1273 vaccines both for older adults and per-
sons living with diabetes. Of note, partial vaccination for the Gam-
COVID-Vac vaccine can also be considered a primary full dose of
the Sputnik Light vaccine, which has also proved to be effective at
a population level [25]. These results should be considered when
evaluating prioritization and eligibility for vaccine boosters, which
should be allocated to higher-risk individuals.

Our study had some strengths and limitations. Among the
strengths, we highlight the use of a nationwide surveillance
system to monitor SARS-CoV-2 infections, which can capture the
dynamics of COVID-19 transmission at the municipal and even
local level, allowing the evaluation of vaccination status and clin-
ical follow-up of all suspected, confirmed, and negative COVID-19
cases in Mexico within the SISVER registry. This allowed us to
evaluate the three relevant outcomes for VE, including SARS-CoV-2
infection, COVID-19-related hospitalization, and all-cause death at
a national level [31]. Furthermore, by evaluating a national vacci-
nation campaign, which incorporated multiple vaccines, we were
able to assess the feasibility of incorporating multiple vaccines
simultaneously to maximize vaccination coverage, which will also
be helpful when evaluating policies to implement the heterologous
schemes for vaccine boosters in the future. Finally, by incorporat-
ing a time-varying component to the vaccination status, we were
able to capture shifts in exposure risks through the follow-up time
to allow more precise estimates of the VE for all evaluated out-
comes. We would also like to acknowledge some limitations, which
should be considered to adequately interpret our results. First, the
SISVER dataset is a sentinel surveillance system, which is designed
to evaluate high-risk symptomatic cases, which are assessed
and tested for COVID-19 [36]; because of its design, the SISVER
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primarily identifies cases with moderate to severe COVID-19, which
may skew our observations toward more severe cases and under-
represented mild and asymptomatic infections, which represent
most SARS-CoV-2 cases; therefore, we are unable to distinguish the
VE in symptomatic versus asymptomatic SARS-CoV-2 infections
[50]. This may also lead to a health care seeking bias, whereby
the identification of cases who did not seek testing or in-hospital
care may be under-represented in our estimation [31]. Second, the
information regarding vaccination status and date was collected
during the epidemiological characterization of SARS-CoV-2 cases
and relies on accurate self-reporting by cases, which precludes
precise evaluation of VE waning through time, which should be
evaluated in further studies and which may influence the precision
of the VE estimates. Third, the estimates of hospitalization should
be taken with caution, particularly considering the effect of hos-
pital saturation in admittance of COVID-19 cases in Mexico during
the second and third waves of the COVID-19 pandemic, which
are included in the study and that our study was not designed to
distinguish cases, which were hospitalized due to other causes but
had comorbid COVID-19 [3,51,52]. Fourth, because the vaccination
rollout in Mexico has been sequential and was based on age cat-
egories, representation of vaccinated cases of patients aged under
29 years has been low in comparison to the incidence of COVID-19
in this age group, which is heavily represented in the unvaccinated
group. Even though all our models were adjusted for age, the
possibility of residual confounding in our estimations cannot be
formally ruled out. When we analyzed the influence of the circula-
tion of predominant SARS-CoV-2 variants, our primary assumption
was that the infection was most likely caused by the dominant
variant during each evaluated period, a method which has been
previously implemented to analyze evasion of circulating variants
at the population level [44]. Despite being a widely used method,
our approach does not have the degree of precision of genomic
sequencing and cannot allow to make precise inferences on the de-
gree of immune evasion or decreased protection for all evaluated
vaccines. Finally, because of the period we evaluated in our study,
we were unable to estimate the effectiveness during periods of
increased circulation of the Omicron SARS-CoV-2 variant in Mex-
ico, which had reported increased immune evasion and reduced
VE for infection in different settings and which also presented an
increased risk of reinfection and a wider diversity of hybrid immu-
nity phenotypes [14,53,54]. Further evaluation is required to assess
the impact of the Omicron variant in VE in Mexico and the poten-
tial role of vaccine boosters in increasing protection against infec-
tion and severe forms of COVID-19 associated with this variant, as
well as the impact of previous infection in modifying VE [55].

In conclusion, all the nationally available vaccines in Mex-
ico were protective against SARS-CoV-2 infection and COVID-19-
related hospitalization and death. This is the first report to simulta-
neously evaluate the effectiveness of seven different vaccines and
among the first population-based reports for the effectiveness of
the Gam-COVID-Vac and Ad5-nCoV vaccines. The VE against SARS-
CoV-2 infection was lower in periods of predominant circulation
of the Delta variant than periods of B.1.1.519 predominance; how-
ever, most vaccines were more protective against COVID-19-related
death during periods of high Delta circulation than B.1.1.519. Sim-
ilarly, the VE against SARS-CoV-2 infection and COVID-19-related
death was lower for adults >60 years and people living with dia-
betes for most evaluated vaccine products, which should be taken
into consideration when evaluating eligibility for further vaccine
rollout and booster allocation.
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