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Introduction: The end of the coronavirus disease 2019 (COVID-19) pandemic has
been declared by the World Health Organization on May 5, 2023. Several vaccines
were developed, and new data is being published about their effectiveness.
However, the clinical trials for the vaccines were performed before the Omicron
variant appeared and there are population groups where vaccine effectiveness still
needs to be tested. The overarching goal of the present study was to analyze the
effects of COVID-19 vaccination before and after the Omicron variant in patients
considering comorbidities in a population from Nuevo Leon, Mexico.

Methods: Epidemiological COVID-19 data from the Mexican Social Security
Institute were collected from 67 hospitals located in northeastern Mexico, from
July 2020 to May 2023, and a total of 669,393 cases were compiled, 255,819
reported a SARS-CoV-2 positive reverse transcription quantitative polymerase
chain reaction (RT-gPCR) test or a positive COVID-19 antigen rapid test.

Results: Before Omicron (BO, 2020-2021), after 14 days of two doses of
COVID-19 vaccine, BNT162b2 and ChAdOx1 vaccines were effective against
infection in non-comorbid and all comorbid subgroups, whereas after Omicron
(AO, 2022- 2023) there was no significant effectiveness against infection with
none of the vaccines. Regarding hospitalization BO, BNT162b2, ChAdOx1,
CoronaVac and mRNA-1273 significantly protected non-comorbid patients
whereas BNT162b2, ChAdOxl1, and mRNA-1273, protected all comorbid
subgroups against hospitalization. AO, BNT162b2, ChAdOx1, CoronaVac and
MRNA-1273 were effective against hospitalization in non-comorbid patients
whereas for most comorbid subgroups BNT162b2, ChAdOx1 and CoronaVac
were effective against hospitalization. Non-comorbid patients were protected
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against death as an outcome of COVID-19 during the BO period with most
vaccines whereas a reduction in effectiveness was observed AO with mRNA-
1273 vaccines in patients with hypertension, and diabetes mellitus.

Discussion: BO, COVID-19 vaccines were effective against infection, hospitalization,
and death whereas AO, COVID-19 vaccines failed to protect the population from
COVID-19 infection. A varying effectiveness against hospitalization and death is

observed AO.
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1 Introduction

Coronavirus disease 2019 (COVID-19) has represented a milestone
in epidemiological surveillance systems worldwide. Particularly,
monitoring the clinical manifestations of the disease, as well as the
outcome, have revealed key information about the predisposing factors
for complications in different populations, including those observed in
Mexicans (1). In previous studies several comorbidities have been
associated with an increased risk of severe COVID-19 such as diabetes
mellitus (2-5), hypertension (3, 6, 7), chronic kidney disease (3, 8-10),
chronic obstructive pulmonary (3, 11-15), rheumatic and autoimmune
diseases (16, 17), cancer (18), and obesity (19). Demographic factors such
as sex and age have also been associated with severe COVID-19 (1, 20).
To reduce the effects led by the causative agent, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) (21), several vaccines have been
approved to be used during COVID-19 emergency (22). It has been
shown that COVID-19 vaccines have an effectiveness of 96-51% against
symptomatic COVID-19 disease (23). However, COVID-19 vaccine
effectiveness notably decreases after 100 days of immunization, with rates
dropping to 26 and 35% for BNT162b2 (Pfizer) following administration
of three and four doses (24). This has also been shown in other studies
where the effectiveness decreases as time from the vaccination
administration elapses specially for prevention of infection (25).

The safety of COVID-19 vaccines has been tested in clinical trials
(26-37), and when vaccines were out for the public, several other side
effects were reported including anaphylaxis and rare adverse blood
coagulation events (38-42). Clinical trials did not include people with
comorbidities, pregnant women nor lactating women. The safety of
COVID-19 vaccines has been reported in several studies where the
most common side effects were pain, redness, or swelling at the
injection site and fatigue (43-45). In Mexico, two studies have
investigated the side effects of seven COVID-19 vaccines,
demonstrating that COVID-19 vaccines are safe, and the benefits of
COVID-19 vaccination outweigh the risk of the disease (46, 47).

The vaccination campaign in Mexico started in December 2020,
adopting a phased administration approach based on priority groups.
The selection of vaccines used depended on to their availability (48).
Priority was given to frontline healthcare workers from December
2020 to February 2021, followed by the rest of frontline healthcare
workers and people aged 60 and older from February 2021 to April
2021, on a third stage schoolteachers and people aged 50 to 59 were
vaccinated from April 2021 to May 2021 followed by people aged 40
to 49 from May 2021 to June 2021, and on a fifth stage which took
place in June 2021 the remaining population was vaccinated (48).
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Vaccines have been administered to different segments of the
population including people with comorbidities, children, and older
adults, even though the efficacy and safety clinical trials did not
include these groups (27, 32, 36). Although the Centers for Disease
Control and Prevention urges people with comorbidities to get
vaccinated (49), the evidence that supports protection in comorbid
patients is ongoing. For instance, in patients with hypertension there
have been studies with controversial results demonstrating a similar
vaccine response compared to normotensive patients (50); whereas
other studies demonstrated a lower response in hypertensive patients
(51). A comparable situation is also observed when analyzing patients
with diabetes mellitus with variable vaccine response rates (50, 52). In
patients with obesity, it has been shown that the larger the waist
circumference there is a lower antibody titer (51). In patients with
cancer there is an 90-95% response to vaccine compared to 100% in
those without solid tumors (53-55). In the case of patients with non-
Hodgkin lymphoma there was a 49% response compared to 98.5% in
controls (56). In patients with Chronic lymphocytic leukemia a 52%
response was observed compared to 100% in controls (57).

Recently, a study has been published in the northeastern Mexican
population demonstrating differences in the effectiveness of four
COVID-19 vaccines (58). However, Salinas et al. reported vaccine
effectiveness in the studied population controlling with comorbidities,
whereas we are describing the effectiveness of the COVID-19 vaccines
in non-comorbid and comorbid population (24).

Taboada et al. (59) reported the circulating variants in Mexico
from August 5, 2020, to May 31, 2022. The circulating variants during
2020 to 2021 were B.1 (13.5%), B.1.1 (5.2%), B.1.1.222 (10.8%),
B.1.1.519 (38.6%), B.1.243 (4.4%), B.1.609 (4.1%), with B.1.1.7 (alpha),
P1 (gamma), B.1.427, B.1.1429 and P2 representing less than 2% (59).
Likewise, B.1.617.2 (Delta) had a prevalence of 87% in August 2021
and since December 2021, the Omicron variant and its sub-variants
have been circulating in Mexico (60). COVID-19 incidence can also
depend on variants during the different waves as reported in several
pre-Omicron studies (61, 62). Based on this evidence, the circulation
of Omicron variant was considered as a key factor in our analysis.

In the present study data is divided in two periods of the
COVID-19 pandemic which correspond to the period before and after
Omicron as it has been shown that in pre-Omicron vaccines, the
efficacy against Omicron infection is comparatively lower than that
observed for Delta and Alpha strains. Furthermore, the effectiveness of
these vaccines in preventing Omicron infection tends to diminish at a
faster rate over time (63, 64). According to the WHO, 63% of the total
Mexican population has a complete primary series of COVID-19 (65).
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FIGURE 1

Schematic representation of data depuration.

The objective of this study was to analyze COVID-19 effectiveness
pre- and post-Omicron SARS-CoV-2 variant
comorbidities and vaccination schemes based on the hypothesis that

considering

COVID-19 vaccines effectiveness against infection, hospitalization,
and death decreases after Omicron SARS-CoV-2 in patients with and
without comorbidities.

2 Methods

This protocol was approved by the Ethics and Research
Committees of the Mexican Social Security Institute (No. R-2022-
1904-118). A retrospective observation study was carried out.
Suspected cases for COVID-19 infection from 67 hospitals located
in northeastern Mexico were included. These hospitals belonged
to the Mexican Social Security Institute. COVID-19 suspected
cases dated from August 5, 2020, to May 31, 2022. Inclusion
criteria were records with complete information and a reverse
transcription quantitative polymerase chain reaction (RT-qPCR)
or COVID-19 rapid antigen test result. Those with a positive
RT-qPCR test for virus different than COVID-19 were excluded
from the analysis. Only records with a positive result for a
RT-qPCR or a COVID-19 rapid antigen test were considered as
COVID-19 positive. A total of 669,393 cases were included for
further analysis constituting a sufficiently large sample size to
achieve a statistical power exceeding 95% with a confidence
level of 95%.

Data was subgrouped by date where patients who attended the
clinic for suspected COVID-19 during 2020-2021, corresponded to
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the period before Omicron (BO) and those who attended the clinic
for suspected COVID-19 during 2022-2023 corresponded to the
period after Omicron (AO). From these two groups, data was
organized by vaccination status. A schematic representation of data
depuration is shown in Figure 1.

2.1 Study variables

2.1.1 Vaccine effectiveness

Three main outcomes were analyzed, (a) Infection (yes, no) (b)
Hospitalization (yes, no), and (c) Death secondary to COVID-19
complications (yes, no). VE was calculated with the following formula:
VE=(1-O0R)x100% this method is widely used to calculate vaccine
effectiveness (25, 66-71).

2.1.2 Type of vaccine

Data included patients vaccinated with the following vaccines:
BNT162b2 (Pfizer-BioNTech), ChAdOx1 (AstraZeneca), mRNA-1273
(Moderna), CoronaVac (Sinovac Life Sciences), Gam-COVID-Vac
(Gamaleya’s Sputnik V), Ad5-nCoV (CanSinoBIO), and Ad26.CoV2.S
(Johnson & Johnson/Janssen), NVX-CoV2373 (Novavax), and BBIBP-
CorV (Sinopharm).

2.1.3 Vaccination status

Patients were subgrouped by vaccination status in the following
groups: non-vaccinated, one dose with less than 14days from
vaccination to the onset of symptoms, one dose with 14 days of more
between vaccination and the onset of symptoms, two doses with less
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than 14 days from vaccination to the onset of symptoms and two
doses with 14days of more between vaccination and the onset
of symptoms.

2.1.4 Comorbidities

Non-comorbid patients represented the individuals with
respiratory infection symptoms and tested for COVID-19 (positive or
negative result) who did not report any other comorbidity. Only the
most common comorbidities were analyzed independently which
were obesity, hypertension, and diabetes mellitus. Subgroups with
patients with more than one comorbidity were also analyzed, which
were patients with two comorbidities and patients with more than
two comorbidities.

2.1.5 Control variables
Sex, age, and tobacco smoking were included in the models as
control variables.

2.1.6 Statistical analysis

Demographic data distribution was analyzed with chi-square
tests. The association of COVID-19 infection, hospitalization and
death with vaccination status was performed by stepwise multivariate
logistic ordinal regression. From this analysis, different models were
performed to calculate odds ratios (OR) and 95% confidence intervals
(CI) for each outcome of interest and from these OR (25, 66-71).
Stepwise multivariate logistic regression models were adjusted for age,
sex, and tobacco smoking, which is described in table footnotes.
Tobacco smoking has been previously shown to decrease infection,
severity, and death predisposition in COVID-19 positive patient (1).
described
non-categorical variables, means and standard deviation were

Categorical variables were in frequencies. For

calculated.

2.1.7 Sources of data

All information was enclosed in the epidemiological data set
obtained from the Medical Epidemiological Assistance Coordination
of the State of Nuevo Leon, which belongs to the Mexican Social
Security Institute. This data set is compiled with information from
clinical records.

3 Results
3.1 Sociodemographic characteristics

Before Omicron (BO), there were more males (52.4%) with
COVID-19 compared to females (47.6%). The contrary was observed
AO where there were more females infected with COVID-19
compared to males with 55.0 and 45.0%, respectively. In terms of age,
the most common affected ages were between 19 and 29 with 30.2%
BO and 27.6% AO. The occupation in which the most COVID-19
positive cases were observed were employed/self-employed with
80.1% BO and 85.8% AO. An increased death rate was observed BO
with 6.2% compared to 0.7% AO. The most common vaccination
status BO and AO was non-vaccinated, and the rates of a full scheme
were 6.3% BO and 10.4% AO, respectively. Hospitalization was higher
BO, representing 13.3% in COVID-19 positive patients whereas AO
hospitalized COVID-19 positive patients represented 2.6%. Most
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patients were non-comorbid representing 77.4% of the BO population
whereas AO this population represented 92.1%. Among the
comorbidities identified in the BO group, obesity prevailed at 4.5%,
followed by hypertension at 3.3%, and diabetes mellitus at 2.3%. Those
with two comorbidities comprised 5.9%, while individuals with more
than two comorbidities accounted for 3.0%For the AO period the
most common comorbidity was hypertension (1.5%), followed by
obesity with 1.2%, and Diabetes Mellitus with 1.0%. Also, AO patients
with two comorbidities represented 2.1% whereas patients with more
Details of the
sociodemographic and other characteristics can be found in Table 1.

than two comorbidities represented 0.8%.

3.2 Effectiveness of two doses (more than
14 days) of COVID-19 vaccines against
COVID-19 infection

Effectiveness was calculated with the formula (1 —OR) x 100% for
nine different vaccines: BNT162b2 (Pfizer), ChAdOx1 (AstraZeneca),
CoronaVac (Sinovac), Ad5-nCoV (CansinoBio), mRNA-1273
(Moderna), Ad26.CoV.2 (Johnson & Johnson/Janssen), BBIBP-CorV
NVX-CoV2373 Gam-COVID-Vac
(Gamaleya’s Sputnik V).

(Sinopharm), (Novavax)

During the BO period and for patients with two doses, a
significant effectiveness against COVID-19 infection in non-comorbid
patients, patients with obesity and patients with hypertension was
observed. This effectiveness was consistent across BNT162b2,
ChAdOx1, and mRNA-1273 vaccines. For patients with one
comorbidity only BNT162b2 and ChAdOx1 were significantly
effective against infection. In patients with diabetes mellitus, patients
with two comorbidities and patients with more than two comorbidities
only BNT162b2 was significantly effective against COVID-19
infection (Table 2).

During the AO period and in patients with two doses, there was
no significant effectiveness against infection with none of the vaccines.
Only CoronaVac has a positive value in patients with obesity, however,
this was not statistically significant (Table 2).

3.3 Effectiveness of one dose (more than
14 days) of COVID-19 vaccines against
COVID-19 infection

During the BO period and in non-comorbid patients with one
dose, BNT162b2, Ad5-nCoV, which was initially proposed as an only
dose full scheme, and mRNA-1273 significantly protected patients
from infection with 35, 22 and 61% effectiveness, respectively
(Supplementary Table S1), this protection was not observed AO,
where non-comorbid patients with an incomplete scheme where not
protected from infection (Supplementary Table S2).

In patients with a single comorbidity who received only one dose,
both BNT162b2 and mRNA-1273 exhibited significant protection
against infection with 52.6 and 71.1% effectiveness, respectively
(Supplementary Table S3). However, this protective effect diminished
after the emergence of Omicron (Supplementary Table 54). A similar
situation was also observed in patients with obesity BO, where
BNT162b2 and mRNA-1273 had an effectiveness against infection of
61.5 and 79.1%, respectively (Supplementary Table S5). This protection

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1402527
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

U1eaH J1gNd Ul S491UO0S

S0

610" uISIa1U0L

TABLE 1 Sociodemographic and other characteristics.

2020-2021 (n=230,696)

COVID-19

2022-2023 (n = 438,697)

COVID-19

Sex Total Yes No Chi-square p-value Total Yes No Chi-square p-value
Female 120,042 (52.0) 38,317 (47.6) 81,725 (54.4) 225,987 (51.5) 96,336 (55.0) 129,651 (49.2)
<0.001 <0.001
Male 110,654 (48.0) 42,249 (52.4) 68,405 (45.6) 212,710 (48.5) 78,917 (45.0) 133,793 (50.8)
Age
0-18 18,236 (7.9) 4,472 (5.6) 13,764 (9.2) 52,237 (11.9) 11,333 (6.5) 40,904 (15.59)
19-29 74,410 (31.0) 24,364 (30.2) 47,046 (31.3) 129,003 (29.4) 48,387 (27.6) 80,616 (30.6)
30-39 49,571 (21.5) 18,444 (22.9) 31,127 (20.7) 91,629 (20.9) 40,320 (23.0) 51,309 (19.5)
40-49 40,239 (17.4) 15,130 (18.8) 25,109 (16.7) <0.001 96,091 (17.3) 35,956 (20.5) 40,135 (15.2) <0.001
50-59 27,001 (11.7) 10,084 (12.5) 16,917 (11.3) 54,879 (12.5) 25,942 (14.8) 28,937 (11.0)
60-69 12,245 (5.3) 4,210 (5.2) 8,035 (5.4) 19,480 (4.4) 7,778 (4.4) 11,702 (4.4)
>69 11,994 (5.2) 3,862 (4.8) 8,132 (5.4) 15,378 (3.5) 5,537 (3.2) 9,841 (3.7)
Occupation
Employed/self-employed 173,459 (77.19) 62,733 (80.1) 110,726 (75.4) 178,899 (81.7) 144,178 (85.8) 34,721 (68.2)
Home maker 20,592 (9.1) 6,925 (8.8) 13,667 (9.3) 13,051 (6.0) 9,004 (5.4) 4,047 (8.0)
<0.001 <0.001
Retired/pensioned 23,602 (10.5) 6,497 (8.3) 17,105 (11.7) 18,389 (8.4) 9,494 (5.7) 8,895 (17.5)
Student 7,443 (3.3) 2,137 (2.7) 5,306 (3.6) 8,552 (3.9) 5,332 (3.2) 3,220 (6.3)
Outcome
Recovery 221,690 (96.6) 75,281 (93.8) 146,409 (98.1) 340,072 (99.3) 171,517 (99.3) 168,555 (99.3)
<0.001 0.440
Death 7,832 (3.4) 4,957 (6.2) 2,875 (1.8) 2,447 (0.7) 1,215 (0.7) 1,232 (0.7)
COVID-19 vaccination status
Non-vaccinated 205,196 (88.9) 72,629 (90.1) 132,567 (88.3) 386,814 (88.2) 132,741 (75.7) 254,073 (96.4)
One dose 10,947 (4.7) 4,385 (5.4) 6,562 (4.4) <0.001 6,299 (1.4) 5,083 (2.9) 1,216 (0.5) <0.001
Two doses or more 14,553 (6.3) 3,552 (4.4) 11,001 (7.3) 45,584 (10.4) 37,429 (21.4) 8,155 (3.1)
Hospitalization
Yes 31,890 (13.8) 10,732 (13.3) 21,158 (14.1) 11,796 (97.3) 4,600 (2.6) 7,196 (2.7)
<0.001 0.032
No 198,806 (86.2) 69,834 (86.7) 128,972 (85.9) 426,901 (97.3) 170,653 (97.4) 265,248 (97.3)
Comorbidities Yes No Yes No

(Continued)
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TABLE 1 (Continued)

2020-2021 (n =230,696)

COVID-19

2022-2023 (n=438,697)

COVID-19

Non-comorbid 178,536 (77.4) 62,537 (77.6) 115,999 (77.3) 403,953 (92.1) 150,455 (85.9) 253,798 (96.2)
Obesity 10,418 (4.5) 3,843 (4.8) ,575 (4.4) 5,259 (1.2) 4,237 (2.4) 1,022 (0.4)
Hypertension 7,674 (3.3) 2,916 (3.6) 4,758 (3.2) 6,676 (1.5) 5,237 (3.0) 1,439 (0.5)
Diabetes 5,408 (2.3) 2,109 (2.6) 3,299 (2.2) 4,251 (1.0) 3,128 (1.8) 1,123 (0.4)
Other 3,718 (1.6) 1,052 (1.3) 2,666 (1.8) 2,170 (0.5) 1,482 (0.8) 688 (0.3)
Asthma 2,498 (1.1) 693 (0.9) 1,805 (1.2) 2,222 (0.5) 1,380 (0.8) 842 (0.3)
HIV 511 (0.2) 145 (0.2) 366 (0.2) 315 (0.1) 213 (0.1) 102 (0.0)
Cardiovascular disease 327(0.1) 93(0.1) 234(0.2) 318 (0.1) 177 (0.1) 141 (0.1)
Renal disease 294 (0.1) 81 (0.1) 213 (0.1) 199 (0.0) 109 (0.1) 90 (0.0)
<0.001 <0.001
COPD 231 (0.1) 58 (0.1) 173 (0.1) 205 (0.0) 104 (0.1) 101 (0.09)
Immunosuppresion 218 (0.1) 74 (0.1) 144 (0.1) 301 (0.1) 145 (0.1) 156 (0.1)
Cancer 171 (0.1) 40 (0.0) 131 (0.19) 129 (0.0) 79 (0.0) 50 (0.0)
Neurolodical disease 86 (0.0) 23(0.09) 63 (0.0) 74 (0.0) 43 (0.0) 31(0.0)
Tuberculoss 48 (0.09) 14 (0.0) 34 (0.0) 32 (0.0) 18 (0.0) 14 (0.0)
Hepatic disease 41 (0.0) 8(0.0) 33(0.0) 30 (0.0) 14 (0.0) 16 (0.0)
Hemolytic anemia 12 (0.0) 5(0.0) 7 (0.0) 6(0.0) 4(0.0) 2(0.0)
Two comorbidities 13,530 (5.9) 4,704 (5.8) 7,826 (5.9) 9,086 (2.1) 6,372 (3.6) 2,714 (1.0)
More than two comorbidities 6,975 (3.0) 2,171 (2.7) 4,804 (3.2) 3,471 (0.8) 2,056 (1.2) 1,415 (0.5)

COPD, Chronic Obstructive Pulmonary Disease; HIV, Human Immunodeficiency Virus.
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TABLE 2 Effectiveness of COVID-19 vaccines against infection in patients with two doses.

BNT162b2 ChAdOx1 CoronaVac Ad5-nCoV mRNA-1273
Effectiveness (1-OR?) (%)

BO 55.3% 37.0% —35.8% 71.1 79.3*%
Non-comorbid

AO —797.9% —969.1%* —1026.4* —942.9% —892.8%

BO 55.2% 36.8% 15.7 26.2 62.6
One comorbidity

AO —72.0% —92.4%* —103.6* —232.4% —117.0%*

BO 62.4* 56.6% 5.6 0.0 59.5%
Obesity

AO -11.3 —64.9% 17.1 —276.1 —72%

BO 50.5% 30.9% 154 100.0 80.8*
Hypertension

AO —73.2% —47.2% —92.0%* 100.0 —-22.1

BO 67.5% 279 24 0.0 63.9
Diabetes mellitus

AO —89.5% —64.6* —183.5% -76.9 —85.3

BO 44 4% 12.5 —22.5 —83.5 46.5
2 comorbidities

AO —92.5% —100.5* —144.2% -79.8 —53.7

BO 60.5% 14.7 0.4 100 78.7
>2 comorbidities

AO —57.2% —30.3% —59.1%* -7.0 —82.2

#p<0.005, OR - Odd ratios.
*OR adjusted by sex, age, and tobacco smoking. BO, Before Omicron; AO, After Omicron. Exact p-values are described in Supplementary tables - no data available. Other vaccination schemes,
95% CI intervals, p-values, and other less represented COVID-19 vaccines can be observed in Supplementary Tables S1, S2 for non-comorbid patients, Supplementary Tables S3, 54 for patients

with one comorbidity, Supplementary Tables S5, S6 for patients with obesity, Supplementary Tables 57, S8 for patients with hypertension, Supplementary Tables S9, S10 for patients with

Diabetes Mellitus, Supplementary Tables S11, S12 for patients with 2 comorbidities and Supplementary Tables S13, S14 for patients with more than two comorbidities.

was lost in AO (Supplementary Table S6). Among patients solely with
hypertension, BNT162b2 demonstrated protective effects BO with
51.7% effectiveness, (Supplementary Table S7), which waned AO
significantly (Supplementary Table S8).

In patients with diabetes mellitus BO (Supplementary Table S9)
and AO (Supplementary Table S10), patients with two comorbidities
BO (Supplementary Table S11) and AO (Supplementary Table S12),
and patients than BO
(Supplementary Table S13) and AO (Supplementary Table S14), an

with  more two comorbidities
incomplete vaccination scheme did not confer significant protection

against infection with any of the vaccines.

3.4 Effectiveness of two doses (more than
14 days) of COVID-19 vaccines against
hospitalization due to COVID-19

Before and after Omicron, BNT162b2, ChAdOx1, CoronaVac and
mRNA-1273 significantly protected non-comorbid patients against
hospitalization. In patients with one comorbidity also BO and AO,
BNT162b2, ChAdOx1, CoronaVac significantly protected patients
against hospitalization (Table 3).

In patients with one comorbidity BO, Ad5-nCoV was 100%
effective against hospitalization, whereas this was nor observed AO
(—28.2%) (Table 3).

In patients with obesity and BO, BNT162b2, ChAdOx1, Ad5nCoV
and mRNA-1273
hospitalization. After Omicron 100% effectiveness was observed with
Ad5-nCov (Table 3).

In the BO period, in patients with hypertension and Diabetes
Mellitus, BNT162b2, ChAdOx1, CoronaVac, and mRNA-1273

significantly protected patients against
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significantly protected patients against hospitalization. During the AO
period, BNT162b2 and CoronaVac continued to provide protection
against hospitalization for hypertensive and diabetic patients (Table 3).

BNT162b2, ChAdOx1, and CoronaVac demonstrated significant
protective effects against hospitalization in patients with two or more
comorbidities, BO and AO. Notably, mRNA-1273 exhibited 100%
effectiveness before Omicron, while Ad5-nCoV showed the same level
of effectiveness after Omicron (Table 3). Similarly, for patients with
more than two comorbidities, BNT162b2, ChAdOx1, and CoronaVac
remained significantly effective against hospitalization both BO and
AO, with mRNA-1273 exhibiting 100% effectiveness in both periods
(Table 3).

3.5 Effectiveness of one dose (more than
14 days) of COVID-19 vaccines against
hospitalization due to COVID-19

During the BO period Omicron BNT162b2, ChAdOxl,
CoronaVac, Ad5-nCoV and mRNA-1273 significantly protect
non-comorbid patients against hospitalization with 47.7, 74.2, 63.6,
72.5 and 78.1% effectiveness, respectively (Supplementary Table S1).
During the AO period this protection was reduced and failed to reach
significance. However, 100% effectiveness against hospitalization is
observed with CoronaVac and Ad5-nCoV (Supplementary Table S2).
In patients with one comorbidity (Supplementary Table S3), obesity
(Supplementary Table S5) and hypertension (Supplementary Table §7),
ChAdOx1 and mRNA-1273 significantly protected patients from
hospitalization BO. The protection provided by ChAdOx1 is lost
AO. However, with mRNA-1273 the effectiveness is 100%
(Supplementary Tables S4, S6, S8). In patients with obesity and
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TABLE 3 Effectiveness of COVID-19 vaccines against hospitalization in patients with two doses.

BNT162b2 ChAdOx1 CoronaVac Ad5-nCoV mRNA-1273
Effectiveness (1-OR?) (%)

BO 44.5% 66.2% 75.3*% —751.7 37.9%
Non-comorbid

AO 44.5% 74.7% 72.8% —44.8 59.4%

BO 71.8% 68.2% 71.8% 100.0 62.4
One comorbidity

AO 67% 22.1% 82.3*% —28.2 51.2

BO 92.5% 68.6* 53.9 100.0 100.0
Obesity

AO 33 —68.9 34.6 100.0 —80.0

BO 69.3*% 79.4% 97.28* 100.0
hypertension

AO 47.6* 3.6 70.5% —390.3 -75.3

BO 79.3*% 69%* 70% - 100.0
Diabetes mellitus

AO 69.2% 11.2 73.9% —219.5 30.0

BO 70.9% 63.8% 71.6* 39.7 100.0
2 comorbidities

AO 69% 32.7% 51.6* 100.0 78.5

BO 50.4* 65.8% 73.7% - 100.0
>2 comorbidities

AO 65.1% 234 55.4% —-139 100.0

#p<0.005, OR, Odd ratios.

*OR adjusted by sex, age, and tobacco smoking. BO, Before Omicron; AO, After Omicron. Exact p-values are described in Supplementary tables - no data available. Other vaccination schemes,
95% CI intervals, p-values, and other less represented COVID-19 vaccines can be observed in Supplementary Tables S1, S2 for non-comorbid patients, Supplementary Tables S3, 54 for patients

with one comorbidity, Supplementary Tables S5, S6 for patients with obesity, Supplementary Tables 57, S8 for patients with hypertension, Supplementary Tables S9, S10 for patients with

Diabetes Mellitus, Supplementary Tables S11, S12 for patients with 2 comorbidities and Supplementary Tables S13, S14 for patients with more than two comorbidities.

hypertension AO, Ad4-nCov exhibited a 100% effectiveness protecting
against hospitalization (Supplementary Tables S6, S8). For individuals
with diabetes mellitus (Supplementary Table S9), ChAdOxl,
Ad5-nCoV, and mRNA-1273 provided significant protection against
hospitalization BO, whereas AO, only CoronaVac, Ad5-nCoV, and
mRNA-1273 100%
hospitalization (Supplementary Table S10). In patients with two

demonstrated a effectiveness  against
comorbidities, protection against hospitalization was observed with
ChAdOx1 and Ad5-nCoV BO (Supplementary Table S11). AO,
and Ad5-nCoV exhibited 100%
(Supplementary Table S12). For patients with two comorbidities BO
(Supplementary Table S13), mRNA-1273 demonstrated 100%
protection. AO, (Supplementary Table S14), both mRNA-1273 and

CoronaVac maintained 100% effectiveness against hospitalization.

CoronaVac effectiveness

3.6 Effectiveness of two doses (more than
14 days) of COVID-19 vaccines against
death as an outcome of COVID-19

During the BO period, in non-comorbid patients, BNT162b2,
ChAdOx1, CoronaVac, and Ad5-nCoV, were significantly effective
against death, whereas AO, BNT162b2, ChAdOx1, Ad5-nCoV and
mRNA-1273 protected COVID-19 positive patients against death as
an outcome of COVID-19 (Table 4).

In patients with one comorbidity, BO, and AO all the COVID-10
vaccines shown in Table 4 were effective against death as an outcome
of COVID-19 infection, AO, only mRNA-1273 vaccine failed to reach
significance (Table 4).

In patients with obesity ChadOx1, BNT162b2, Ad5-nCoV and
mRNA-1273 significantly protected patients against death BO. In the
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AO period, CoronaVac, Ad5-nCoV and mRNA-1273 showed a 100%
effectiveness against death (Table 4).

In patients with hypertension, BO, BNT162b22, and ChAdOx1
were significantly effective against death. A 100% effectiveness was
observed with mRNA-1273. After Omicron a 100% effectiveness was
observed with CoronaVac and Ad5-nCoV (Table 4).

During the BO period, in patients with diabetes mellitus,
BNT162b2, ChAdOx1 CoronaVac, and mRNA-1273 were effective
against death whereas AO, only ChAdOx1 was significantly effective
against death and a 100% effectiveness was observed with Ad5-nCoV
(Table 4).

In patients with two comorbidities, BO, all the vaccines shown in
Table 4 were effective against death due to COVID-19, whereas after
Omicron ChAdOx1 and CoronaVac failed to reach significance
(Table 4).

In patients with more than two comorbidities, BO, BNT162b2 and
ChAdOx1 were significantly effective against death, with a 100%
effectiveness observed with mRNA-1273, whereas AO a protection
against death was observed with BNT162b2, ChAdOx1, CoronaVac,
Ad5-nCoV, and mRNA-1273 (Table 4).

3.7 Effectiveness of one dose (more than
14 days) of COVID-19 vaccines against
death as an outcome of COVID-19

During the BO period ChadOx1 protected non-comorbid patients
from death (Supplementary Table S1) whereas AO BNT162b2,
CoronaVac, Ad5-nCoV and mRNA-1273 showed a 100% effectiveness
(Supplementary Table S2). Before Omicron in patients with one
comorbidity ChAdOx1 significantly protected patients against death and
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TABLE 4 Effectiveness of COVID-19 vaccines against death as an outcome of COVID-19 infection in patients with two doses.

BNT162b2 ChAdOx1 CoronaVac Ad5-nCoV mRNA-1273
Effectiveness (1-OR?) (%)

BO 71.9% 70.3* 70.2% 100.0 30.9
Non-comorbid

AO 62.2% 61.1* 53.0 100.0 100.0

BO 72.9% 74.8% 67.5% 100.0 100.0
One comorbidity

AO 68.1* 42.8% 81.7* 100.0 —70.0

BO 100.0 86.8% 78.9 100.0 100.0
Obesity

AO 10.6 —230.7 100.0 100.0 100.0

BO 64.8% 76.8% 40.9 100.0 100.0
Hypertension

AO 63.2 33.0 100.0 100.0 —260.3

BO 90.7* 77.9% 100.0 - 100.0
Diabetes mellitus

AO 69.8 77.5% 68.4 100.0 —197.8

BO 73.8% 58.3% 60.4* 100.0 100.0
2 comorbidities

AO 49.4* 32.6 24.4 100.0 100.0

BO 69.7*% 40.2%* 53.6 - 100.0
>2 comorbidities

AO 63.0%* 54.6% 89.4* 100.0 100.0

#p<0.005, OR - Odd ratios.
*OR adjusted by sex, age, and tobacco smoking. BO, Before Omicron; AO, After Omicron. Exact p-values are described in Supplementary tables - no data available. Other vaccination schemes,
95% CI intervals, p-values, and other less represented COVID-19 vaccines can be observed in Supplementary Tables S1, S2 for non-comorbid patients, Supplementary Tables S3, 54 for patients

with one comorbidity, Supplementary Tables S5, S6 for patients with obesity, Supplementary Tables 57, S8 for patients with hypertension, Supplementary Tables S9, S10 for patients with

Diabetes Mellitus, Supplementary Tables S11, S12 for patients with 2 comorbidities and Supplementary Tables S13, S14 for patients with more than two comorbidities.

100% effectiveness was observed with Ad5-nCov and mRNA-1273
(Supplementary Table S3) whereas AO, 100 % effectiveness was observed
with CoronaVac, Ad5-nCov and mRNA-1273 (Supplementary Table 54).

During de BO period patients with obesity were significantly
protected with ChAdOx1 and 100% effectiveness was shown with
Ad5-nCoV and mRNA-1273 (Supplementary Table S5). After
Omicron BNT162b2, ChAdOxl, Ad5nCoV and
mRNA1273 vaccines demonstrated 100% effectiveness against death

CoronaVac,

(Supplementary Table S6).

In patients with hypertension, BO, 100% effectiveness was shown
with CoronaVac, Ad5-nCoV and mRNA-1273 (Supplementary
Table 57), while AO all vaccines significantly protected against death
except for ChAdOx1 (Supplementary Table S8).

In patients with diabetes mellitus, a 100% protection was observed
with ChAdOx1, Ad5-nCoV and mRNA1273 (Supplementary Table §9),
whereas AQO, the effectiveness remained with CoronaVac, Ad5-nCoV
and mRNA1273 (Supplementary Table S10).

In patients with two comorbidities ChAdOx1 significantly
protected patients against death BO (Supplementary Table S11),
whereas a 100% protection against death was observed with
CoronaVac and Ad5-nCoV and mRNA1273 AO (Supplementary
Table S12).

In patients with more than two doses BO
(Supplementary Table 513) and AO (Supplementary Table S14) 100%
effectiveness was shown with CoronaVac and mRNA-1273.

4 Discussion

The current study describes the effectiveness of COVID-19
vaccines against infection, hospitalization, and death in comorbid and
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non-comorbid patients from Nuevo Ledn, Mexico, with special
attention to those patients with comorbidities such as obesity, diabetes
mellitus, and hypertension. Furthermore, this analysis describes the
results BO and AO demonstrating a notorious decrease in COVID-19
vaccines effectiveness against infection in the AO period.

This study included in the analysis age, sex, and tobacco smoking
as controls in the model given that it has been shown that in people
older than 60years of age, full vaccination, consisting of at least 2
doses of COVID-19 vaccine, effectively protected against pneumonia
and risk of severe COVID-19 caused by a specific omicron variant
(72). Also, vaccination has been found to reduce hospitalization rates
by 37%, and the admission to emergency room by 24% in vaccinated
versus unvaccinated patients (73).

Data was split by periods BO (2020-2021) and AO (2022-2023) as
it has been shown that pre-Omicron vaccines are less effective in
protecting against infection with SARS-CoV-2 Omicron variant
compared to Delta and Alpha infections (63).

4.1 Before Omicron

The first observational studies regarding the immunogenicity of
COVID-19 vaccines in relation to some comorbidities were reported
during the period BO (50-52, 74-82). It is imperative to mention that
among the comorbidities that affect the Mexican population, obesity
is a major public health concern, as in 2018, 22% of the children were
obese and in people between 30 and 59 years of age, 46% of women
were obese and35% of men were obese (83). Obese patients have an
increased risk of hospitalization due to COVID-19 particularly those
under 60 years of age with a body mass index (BMI) of 35kg/m? or
higher, who exhibit an increased susceptibility to intensive care unit
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(ICU) admission. Notably, patients with a BMI of 40 kg/m? or higher
have an increased predisposition to mortality due to COVID-19 (28).
As for vaccine effectiveness in obese patients, there have been some
controversies as it has been shown in some studies that BMI has no
impact on BNT162b2 vaccine effectiveness (84) whereas others have
shown lower antibody titers correlate with increase waist
circumference (85). In the present study we show that two doses
(more than 14days) of BNT162b2, ChAdOx1 and mRNA-1273
effectively protect patients against infection BO. A significant
protection against hospitalization was observed in patients with
obesity BO with BNT162b2, ChAdOx1 and Ad5-nCoV also with two
doses (more than 14 days). It is important to mention that Ad5-nCoV
is a single dose vaccine, therefore patients with one dose are
considered with a full scheme (86). Before Omicron BNT162b2,
ChAdOx1, Ad5-nCoV protected obese patients against death due to
COVID-19.

Hypertension is another comorbidity that affects around 20.7% of
the Mexican population older than 20years old (87). Hypertension has
been associated with severe COVID-19, and the prevalence of
hypertension is higher in patients admitted to ICU (88). During this
period a study demonstrated a significant reduction in vaccine
response in hypertense patients (51). Watanabe and colleagues
demonstrated that hypertense patients were protected against death
when two doses have been administered (51). Moreover, it has been
shown that there is an association between increased waist
circumference and hypertension with lower antibody titers (51).
We do observe protection against infection, hospitalization, and death
in hypertense patients. However, not with all tested vaccines and not
at the same level. Before Omicron protection against infection ranged
from 30.9% for ChAdOx1 to 100% for Ad5-nCoV.Also, in patients
with hypertension, BNT162b2 and CoronaVac significantly protected
hypertense patients against hospitalization whereas CoronaVac and
Ad5-nCov protected to a 100% against death.

Diabetes mellitus is also on the top 5 public health concerns in
Mexico; in 2020, 151,019 persons died of diabetes mellitus (89), this
would be 12 out of 10,000 people, which is the highest rate in the
last 10 years, and this rate increases with age (89). Diabetes mellitus
is also the third cause of death just below COVID-19, and heart
diseases (89). It has been shown that in patients with diabetes
mellitus, there is an increased expression of ACE-2, the main
receptor of SARS-CoV-2, in the lung and other organs (90), which
situates diabetic patients at increased risk. Paggi et al. (82)
demonstrated, with 420 COVID-19 positive patients, that the
vaccinated group had a higher Charlson comorbidity index
compared to the unvaccinated group (82), where the most frequent
diseases were cardiovascular diseases, pulmonary diseases, renal
diseases, diabetes mellitus, dementia, cancer, and hematological
diseases. No difference in terms of in-hospital mortality, was
observed. Therefore, it was imperative to study the effects of the
COVID-19 vaccines in these comorbid patients. In the case of
diabetic patients, there are two studies demonstrating controversial
results in diabetic patients. One demonstrating no differences in the
response when compared to healthy adults (50), and the other
demonstrated a response reduction (52). Coexisting conditions
such as diabetes, obesity, hypertension, and age have also been
shown to affect antibody generation by anti-COVID-19 vaccines
(76,77).
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Different studies have also shown a reduction in vaccine response
for chronic obstructive pulmonary disease (COPD) patients (81),
hepatic diseases (74) chronic diseases as a group and cardiovascular
disease (52), and patients with celiac disease (80).

Recently, a report has been published with the effectiveness of two
doses of three COVID-19 vaccines against infection, hospitalization,
and severity with an effectiveness against infection of 74.5, 33.2,
—2.9% for BNT162b2, ChAdOx1 and Sinovac, respectively (58).
Compared to our results, in non-comorbid patients we observe 55.3,
37.0, —35.8%, for BNT162b2, ChAdOx1 and Sinovac, respectively on
a BO period, which are similar results. Salinas et al. (58) did not report
COVID-19 vaccine effectiveness by comorbidity and only a 6-month
period before Omicron is being analyzed.

4.2 After Omicron

In patients with hypertension, no difference has been reported
compared with healthy patients when vaccinated with BNT162b2 or
Sinopharm COVID-19 vaccines (50). In the present study there was
no protection observed against infection AO in hypertensive patients.
In immunocompromised patients a 48% reduction in antibody titers
compared to healthy individuals has been reported (78).

As for other reports investigating vaccination response in
comorbid patients, in a study in a Japanese population with 1,041
hospitalized and previously vaccinated individuals, it was reported
that in vaccinated patients >60years of age with diabetes and
hypertension there is a lower adjusted OR to trigger severe COVID-19
(75). In patients with obesity, CoronaVac and Ad5nCov protected
patients against death. Ad5-nCoV also protected comorbid patients
against hospitalization with 100% effectiveness.

A strategy that could be used to address the decrease of vaccine
effectiveness AO could be booster campaigns, or co-administration of
COVID-19 vaccination along with influenza annual booster, this latter
is already established immunization program in Mexico (91). Around
90% of the Mexican population gets vaccinated against influenza every
year (92). The acceptance and safety of the co-administration of
COVID-19 and Influenza vaccines have been studied elsewhere where
it has been demonstrated that among 2,740 healthcare workers
approximately 60% accepted the co-administration of the vaccines
(93) and a complementary study demonstrated its co-administration
is safe (45).

5 Conclusion

Our results suggest that some vaccines lost effectiveness in the AO
period, especially in patients with comorbidities. Further research
should be invested in developing vaccines with higher effectiveness
against circulating variants and intended for immunocompromised
patients such as those with Diabetes Mellitus who are also at increased
risk of severe COVID-19. A follow-up should be carried out in
vaccinated patients to test the medium-term outcomes such as
6 months after vaccination as it has been demonstrated that female
gender, young age, past infection, two vaccine doses, and m-RNA and
heterologous vaccination predicted higher antibody levels at
6months (94).
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5.1 Limitations

Antibody titration was not performed; therefore, vaccine response
rates are not available. A previous COVID-19 infection might have
played a role in patient response to COVID-19 disease. More
information for less represented vaccines is required such as Ad26.
CoV2.S, BBIBP-CorV, NVX-CoV2373 and Gam-COVID-Vac.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary materials, further inquiries can be directed
to the corresponding author.

Ethics statement

The study was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Review Board of the
Mexican Social Security Institute (protocol code: R-2022-1904-118,
31/10/2022). The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed consent
for participation was not required from the participants or the
participants’ legal guardians/next of kin because only epidemiological
data was used.

Author contributions

MC-M: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Supervision, Validation, Visualization,
Writing - original draft. VM-T: Conceptualization, Data curation,
Formal analysis, Investigation, Visualization, Writing - review &
editing. CG-S: Data curation, Formal analysis, Methodology,
Validation, Writing — review & editing. BS-R: Conceptualization,
Investigation, Methodology, Supervision, Visualization, Writing -
review & editing. KP-U: Conceptualization, Investigation,
Visualization, Writing — review & editing. LG-E: Conceptualization,
Investigation, Visualization, Writing - review & editing. BE-G:

Conceptualization, Investigation, Methodology, Visualization, Writing—

References

1. Camacho Moll ME, Mata Tijerina VL, Silva Ramirez B, Pefiuelas Urquides K,
Gonzalez Escalante LA, Escobedo Guajardo BL, et al. Sex, age, and comorbidities are
associated with SARS-CoV-2 infection, COVID-19 severity, and fatal outcome in a
Mexican population: a retrospective multi-hospital study. J Clin Med. (2023) 12:1-10.
doi: 10.3390/jcm12072676

2. Ma RCW, Holt RIG. COVID-19 and diabetes (2020) 35:723-725. doi: 10.1111/
dme.14300

3. Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase the risk of patients with
covid-19: evidence from meta-analysis. Aging. (2020) 12:6049-57. doi: 10.18632/
aging.103000

4. Wang D, Hu B, Hu C, Zhu E Liu X, Zhang J, et al. Clinical
characteristics of 138 hospitalized patients with 2019 novel coronavirus-infected
pneumonia in Wuhan, China. JAMA. (2020) 323:1061. doi: 10.1001/jama.2020.
1585

5. Lima-Martinez MM, Carrera Boada C, Madera-Silva MD, Marin W, Contreras M.
COVID-19 and diabetes: A bidirectional relationship. Clinica e Investigacion en
Arteriosclerosis (English Edition) [Internet] (2021). Available from: https://pubmed.
ncbi.nlm.nih.gov/33303218/

Frontiers in Public Health

11

10.3389/fpubh.2024.1402527

review & editing. JC-L: Data curation, Resources, Writing - review &
editing. RC-P: Data curation, Resources, Writing - review & editing.
SG-G: Data curation, Resources, Writing - review & editing. MB-DL:
Writing - review & editing, Resources, Supervision, Visualization.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the Mexican Social Security Institute.

Acknowledgments

The authors thank the Mathematics Research Center (Centro de
Investigacion en Matematicas, CIMAT) for their support during
this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1402527/
full#supplementary-material

6. Vicenzi M, Di Cosola R, Ruscica M, Ratti A, Rota I, Rota E et al. The liaison
between respiratory failure and high blood pressure: Evidence from COVID-19 patients.
Euro Respir J. (2020) 56

7. Ran J, Song Y, Zhuang Z, Han L, Zhao S, Cao P, et al. Blood pressure control and
adverse outcomes of COVID-19 infection in patients with concomitant hypertension in
Wuhan. China Hypertens Res. (2020) 43:1267-76. doi: 10.1038/s41440-020-00541-w

8. Pakhchanian H, Raiker R, Mukherjee A, Khan A, Singh S, Chatterjee A. Outcomes
of COVID-19 in CKD patients. Clin ] Am Soc Nephrol. (2021) 16:785-6. doi: 10.2215/
CJN.13820820

9. Henry BM, Lippi G. Chronic kidney disease is associated with severe coronavirus
disease 2019 (COVID-19) infection. Int Urol Nephrol. (2020) 52:1193-4.

10. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY. Nature. (2020)
584:430-6. doi: 10.1038/541586-020-2521-4

11. Lippi G, Henry BM. Chronic obstructive pulmonary disease is associated with
severe coronavirus disease 2019 (COVID-19): COPD and COVID-19. Respir Med.
(2020) 167:105941.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1402527
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1402527/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1402527/full#supplementary-material
https://doi.org/10.3390/jcm12072676
https://doi.org/10.1111/dme.14300
https://doi.org/10.1111/dme.14300
https://doi.org/10.18632/aging.103000
https://doi.org/10.18632/aging.103000
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://pubmed.ncbi.nlm.nih.gov/33303218/
https://pubmed.ncbi.nlm.nih.gov/33303218/
https://doi.org/10.1038/s41440-020-00541-w
https://doi.org/10.2215/CJN.13820820
https://doi.org/10.2215/CJN.13820820
https://doi.org/10.1038/s41586-020-2521-4

Camacho-Moll et al.

12. Zhao Q, Meng M, Kumar R, Wu Y, Huang J, Lian N, et al. The impact of COPD
and smoking history on the severity of COVID-19: a systemic review and meta-analysis.
J Med Virol. (2020) 92:1915-21. doi: 10.1002/jmv.25889

13. Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus disease 2019 in
elderly patients: characteristics and prognostic factors based on 4-week follow-up. J
Infect. (2020) 80:639-45. doi: 10.1016/j.jinf.2020.03.019

14. Leung JM, Niikura M, Yang CWT, Sin DD. COVID-19 and COPD. Euro Res J.
(2020) 56

15. Leung JM, Yang CX, Tam A, Shaipanich T, Hackett TL, Singhera GK, et al. ACE-2
expression in the small airway epithelia of smokers and COPD patients: Implications for
COVID-19. Euro Res J. (2020) 55

16. Liu Y, Sawalha AH, Lu Q. COVID-19 and autoimmune diseases. Current opinion
in rheumatology. NLM (Medline). (2021) 33:155-62.

17. Pablos JL, Galindo M, Carmona L, Lledé A, Retuerto M, Blanco R, et al. Clinical
outcomes of hospitalised patients with COVID-19 and chronic inflammatory and
autoimmune rheumatic diseases: a multicentric matched cohort study. Ann Rheum Dis.
(2020) 79:1544-9. doi: 10.1136/annrheumdis-2020-218296

18. Liang W, Guan W, Chen R, Wang W, Li ], Xu K, et al. Cancer patients in SARS-
CoV-2 infection: a nationwide analysis in China. Lancet Oncol. (2020) 21:335-7.

19. Hussain A, Mahawar K, Xia Z, Yang W, El Hasani S. Obesity and mortality of
COVID-19. Meta-analysis [internet]. Obesr Res Clin Pract. (2020) 14:295-00.

20. Tamburro M, Ripabelli G, Salzo A, Sammarco ML. Public health, personalized
medicine, and COVID-19 in the pre-vaccination phase: a narrative review of the
literature on unfavorable prognostic factors in Italian patients. Epidemiol Prev. (2022)
46:181-91. doi: 10.19191/EP22.A450.027

21. Bhattacharya S, Basu P, Poddar S. Changing epidemiology of SARS-CoV in the
context of COVID-19 pandemic. ] Prev Med Hyg. (2020) 61:E130-6. doi:
10.15167/2421-4248/jpmh2020.61.2.1541

22. Shao W, Chen X, Zheng C, Liu H, Wang G, Zhang B, et al. Effectiveness of COVID-19
vaccines against SARS-CoV-2 variants of concern in real-world: a literature review and meta-
analysis. Emerg Microbes Infect. (2022) 11:2383-92. doi: 10.1080/22221751.2022.2122582

23. Hadj HI. Covid-19 vaccines and variants of concern: a review. Rev Med Virol
[Internet]. (2022) 32:2313.

24.Lau JJ, Cheng SMS, Leung K, Lee CK, Hachim A, Tsang LCH, et al. Author
correction: real-world COVID-19 vaccine effectiveness against the omicron BA.2 variant
in a SARS-CoV-2 infection-naive population. Nat Med. (2024) 30:305-5. doi: 10.1038/
$41591-023-02648-2

25. Chico-Sanchez P, Gras-Valenti P, Algado-Sellés N, Jiménez-Sepulveda N,
Vanaclocha H, Peird S, et al. The effectiveness of mRNA vaccines to prevent SARS-
CoV-2 infection and hospitalisation for COVID-19 according to the time elapsed since
their administration in health professionals in the Valencian autonomous community
(Spain). Prev Med (Baltim). (2022) 163:107237. doi: 10.1016/j.ypmed.2022.107237

26. Administration D. Fact sheet for recipients and caregivers emergency use
authorization (EUA). OF. (2021)

27. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety
and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl ] Med. (2020)
383:2603-15. doi: 10.1056/NEJMo0a2034577

28. Wise J. Covid-19: European countries suspend use of Oxford-AstraZeneca vaccine
after reports of blood clots. BMJ. (2021) 372:n699. doi: 10.1136/bmj.n755

29. Medicines & Healthcare Products Regulatory Agency Reg 174 Information for UK
healthcare proffessionals [Internet]. United Kingdom; 2021 p. 1-11. Available at: https://
assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/1044811/uk-spc-covid-19-vaccine-astrazeneca-regl74_clean_-_04-01-2022.pdf

30. Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, et al. Safety
and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an
interim analysis of four randomised controlled trials in Brazil, South Africa, and the UK.
Lancet. (2021) 397:99-11. doi: 10.1016/S0140-6736(20)32661-1

31. Folegatti PM, Ewer KJ, Aley PK, Angus B, Becker S, Belij-Rammerstorfer S, et al.
Safety and immunogenicity of the ChAdOx1 nCoV-19 vaccine against SARS-CoV-2: a
preliminary report of a phase 1/2, single-blind, randomised controlled trial. Lancet.
(2020) 396:467-78. doi: 10.1016/S0140-6736(20)31604-4

32. Logunov DY, Dolzhikova IV, Shcheblyakov DV, Tukhvatulin AI, Zubkova OV,
Dzharullaeva AS, et al. Safety and efficacy of an rAd26 and rAd5 vector-based heterologous
prime-boost COVID-19 vaccine: an interim analysis of a randomised controlled phase 3
trial in Russia. Lancet. (2021) 397:671-81. doi: 10.1016/S0140-6736(21)00234-8

33. Jones I, Roy P. Sputnik V. COVID-19 vaccine candidate appears safe and effective.
The Lancet. (2021) 397:642-3.

34. Zhu FC, Guan XH, Li YH, Huang JY, Jiang T, Hou LH, et al. Immunogenicity
and safety of a recombinant adenovirus type-5-vectored COVID-19 vaccine in
healthy adults aged 18 years or older: a randomised, double-blind, placebo-controlled,
phase 2 trial. Lancet. (2020) 396:479-88. doi: 10.1016/S0140-6736(20)31605-6

35. Information for Healthcare Professionals on COVID-19 Vaccine AstraZeneca -
GOV.UK [Internet]. Available at: https://www.gov.uk/government/publications/
regulatory-approval-of-covid-19-vaccine-astrazeneca/information-for-healthcare-
professionals-on-covid-19-vaccine-astrazeneca

Frontiers in Public Health

12

10.3389/fpubh.2024.1402527

36.Zhang Y, Zeng G, Pan H, Li C, Hu Y, Chu K, et al. Safety, tolerability, and
immunogenicity of an inactivated SARS-CoV-2 vaccine in healthy adults aged 18-59
years: a randomised, double-blind, placebo-controlled, phase 1/2 clinical trial. Lancet
Infect Dis. (2021) 21:181-92. doi: 10.1016/S1473-3099(20)30843-4

37. Halperin SA, Ye L, MacKinnon-Cameron D, Smith B, Cahn PE, Ruiz-Palacios GM,
et al. Final efficacy analysis, interim safety analysis, and immunogenicity of a single dose
of recombinant novel coronavirus vaccine (adenovirus type 5 vector) in adults 18 years
and older: an international, multicentre, randomised, double-blinded, placebo-
controlled phase 3 trial. Lancet [Internet]. (2022) 399:237.

38. World Health Organization. Global Advisory Committee on Vaccine Safety
(GACVS) review of latest evidence of rare adverse blood coagulation events with
AstraZeneca COVID-19 Vaccine (Vaxzevria and Covishield) [Internet]. (2021).
Available at: https://www.who.int/news/item/16-04-2021-global-advisory-committee-
on-vaccine-safety-(gacvs)-review-of-latest-evidence-of-rare-adverse-blood-
coagulation-events-with-astrazeneca-covid-19-vaccine-(vaxzevria-and-covishield)

39. Centers for Disease Control and Prevention (CDC). Allergic reactions including
anaphylaxis after receipt of the first dose of Pfizer-BioNTech COVID-19 vaccine —
United States, December 14-23, 2020. MMWR Morb Mortal Wkly Rep. (2021) 70:46-51.
doi: 10.15585/mmwr.mm7002el

40. Schuchat Anne, Marks Peter. Centers for Disease Control and Prevention. (2021).
Joint CDC and FDA Statement on Johnson & Johnson COVID-19 Vaccine | CDC
Online Newsroom | CDC.

41. Jean- Michel Dogné. Signal assessment report on embolic and thrombotic events
(SMQ) with Administrative information. (2021).

42.El economista. Suman 15 casos graves de reaccion a vacuna de Pfizer contra
COVID-19 en México [Internet]. (2019). Available at: https://www.codigoqgro.
mx/2021/01/15/suman-15-casos-graves-de-reaccion-a-vacuna-de-pfizer-contra-
covid-19-en-mexico/

43. Tamburro M, Ripabelli G, DAmico A, De Dona R, Iafigliola M, Parente A, etal. A
cross-sectional study of untoward reactions following homologous and heterologous
COVID-19 booster immunizations in recipients seventeen years of age and older. J
Community Health. (2022) 47:814-21. doi: 10.1007/s10900-022-01112-5

44.Xu W, Ren W, Wu T, Wang Q, Luo M, Yi Y, et al. Real-world safety of COVID-19
mRNA vaccines: a systematic review and Meta-analysis. Vaccines (Basel). (2023)
11:1118. doi: 10.3390/vaccines11061118

45. Moscara L, Venerito V, Martinelli A, Di Lorenzo A, Toro E, Violante E, et al. Safety
profile and SARS-CoV-2 breakthrough infections among HCWs receiving anti-SARS-
CoV-2 and influenza vaccines simultaneously: an Italian observational study. Vaccine.
(2023) 41:5655-61. doi: 10.1016/j.vaccine.2023.07.043

46. Camacho Moll ME, Salinas Martinez AM, Tovar Cisneros B, Garcia Onofre JI,
Navarrete Floriano G, Bermudez de Leon M. Extension and severity of self-reported side
effects of seven COVID-19 vaccines in Mexican population. Front Public Health
[Internet]. (2022) 4:387. doi: 10.3389/fpubh.2022.834744/full

47. Camacho-Moll ME, Salinas-Martinez AM, Tovar-Cisneros B, Garcia-Onofre JI,
Navarrete-Floriano G, Bermudez-de LM. Side effects of COVID-19 vaccines in pregnant
and lactating Mexican women and breastfed infants: a survey-based study. Vaccine.
(2023) 11:1280.

48. Cortés Alcald R, Lopez Gatell Ramirez H, Lopez Ridaura R, Alba Ricano X, Veras
Godoy ME, et al. Politica nacional de vacunacion contra el virus SARS-CoV-2 para la
prevencion de la COVID-19 en México [Internet]. Mexico: (2020).

49. Centers for Disease Control and Prevention. Safety of COVID-19 Vaccines. (2023).
Safety of COVID-19 Vaccines | CDC. Gobierno de México. Available at: https://www.
cdc.gov/coronavirus/2019-ncov/vaccines/safety/safety-of-vaccines.html

50. Zhang Y, Chen H, Lv J, Huang T, Zhang R, Zhang D, et al. Evaluation of
immunogenicity and safety of Vero cell-derived inactivated COVID-19 vaccine in older
patients with hypertension and diabetes mellitus. Vaccines (Basel). (2022) 10:1020. doi:
10.3390/vaccines10071020

51. Watanabe M, Balena A, Tuccinardi D, Tozzi R, Risi R, Masi D, et al. Central
obesity, smoking habit, and hypertension are associated with lower antibody titres in
response to COVID-19 mRNA vaccine. Diabetes Metab Res Rev. (2021)

52. Giizel EC, Celikkol A, Erdal B, Sedef N. Immunogenicity after CoronaVac
vaccination. Rev Assoc Med Bras (1992). 2021;67:1403-08.

53. Shroff RT, Chalasani P, Wei R, Pennington D, Quirk G, Schoenle MV, et al.
Immune responses to COVID-19 mRNA vaccines in patients with solid tumors on
active, immunosuppressive Cancer therapy. medRxiv. (2021). doi: 10.1101/2021.
05.13.21257129

54. Eliakim-Raz N, Massarweh A, Stemmer A, Stemmer SM. Durability of response
to SARS-CoV-2 BNT162b2 vaccination in patients on active anticancer treatment.
JAMA Oncol. (2021) 7:1716-8. doi: 10.1001/jamaoncol.2021.4390

55.Monin L, Laing AG, Mufoz-Ruiz M, McKenzie DR, Molino del Barrio I,
Alaguthurai T, et al. Safety and immunogenicity of one versus two doses of the
COVID-19 vaccine BNT162b2 for patients with cancer: interim analysis of a prospective
observational study. Lancet Oncol (2021). 22:765-78, doi: 10.1016/S1470-
2045(21)00213-8

56. Perry C, Luttwak E, Balaban R, Shefer G, Morales MM, Aharon A, et al. Efficacy
of the BNT162b2 mRNA COVID-19 vaccine in patients with B-cell non-Hodgkin
lymphoma. Blood Adv. (2021) 5:3053-61. doi: 10.1182/bloodadvances.2021005094

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1402527
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1002/jmv.25889
https://doi.org/10.1016/j.jinf.2020.03.019
https://doi.org/10.1136/annrheumdis-2020-218296
https://doi.org/10.19191/EP22.A450.027
https://doi.org/10.15167/2421-4248/jpmh2020.61.2.1541
https://doi.org/10.1080/22221751.2022.2122582
https://doi.org/10.1038/s41591-023-02648-2
https://doi.org/10.1038/s41591-023-02648-2
https://doi.org/10.1016/j.ypmed.2022.107237
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1136/bmj.n755
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044811/uk-spc-covid-19-vaccine-astrazeneca-reg174_clean_-_04-01-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044811/uk-spc-covid-19-vaccine-astrazeneca-reg174_clean_-_04-01-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044811/uk-spc-covid-19-vaccine-astrazeneca-reg174_clean_-_04-01-2022.pdf
https://doi.org/10.1016/S0140-6736(20)32661-1
https://doi.org/10.1016/S0140-6736(20)31604-4
https://doi.org/10.1016/S0140-6736(21)00234-8
https://doi.org/10.1016/S0140-6736(20)31605-6
https://www.gov.uk/government/publications/regulatory-approval-of-covid-19-vaccine-astrazeneca/information-for-healthcare-professionals-on-covid-19-vaccine-astrazeneca
https://www.gov.uk/government/publications/regulatory-approval-of-covid-19-vaccine-astrazeneca/information-for-healthcare-professionals-on-covid-19-vaccine-astrazeneca
https://www.gov.uk/government/publications/regulatory-approval-of-covid-19-vaccine-astrazeneca/information-for-healthcare-professionals-on-covid-19-vaccine-astrazeneca
https://doi.org/10.1016/S1473-3099(20)30843-4
https://www.who.int/news/item/16-04-2021-global-advisory-committee-on-vaccine-safety-(gacvs)-review-of-latest-evidence-of-rare-adverse-blood-coagulation-events-with-astrazeneca-covid-19-vaccine-(vaxzevria-and-covishield)
https://www.who.int/news/item/16-04-2021-global-advisory-committee-on-vaccine-safety-(gacvs)-review-of-latest-evidence-of-rare-adverse-blood-coagulation-events-with-astrazeneca-covid-19-vaccine-(vaxzevria-and-covishield)
https://www.who.int/news/item/16-04-2021-global-advisory-committee-on-vaccine-safety-(gacvs)-review-of-latest-evidence-of-rare-adverse-blood-coagulation-events-with-astrazeneca-covid-19-vaccine-(vaxzevria-and-covishield)
https://doi.org/10.15585/mmwr.mm7002e1
https://www.codigoqro.mx/2021/01/15/suman-15-casos-graves-de-reaccion-a-vacuna-de-pfizer-contra-covid-19-en-mexico/
https://www.codigoqro.mx/2021/01/15/suman-15-casos-graves-de-reaccion-a-vacuna-de-pfizer-contra-covid-19-en-mexico/
https://www.codigoqro.mx/2021/01/15/suman-15-casos-graves-de-reaccion-a-vacuna-de-pfizer-contra-covid-19-en-mexico/
https://doi.org/10.1007/s10900-022-01112-5
https://doi.org/10.3390/vaccines11061118
https://doi.org/10.1016/j.vaccine.2023.07.043
https://doi.org/10.3389/fpubh.2022.834744/full
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/safety-of-vaccines.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/safety-of-vaccines.html
https://doi.org/10.3390/vaccines10071020
https://doi.org/10.1101/2021.05.13.21257129
https://doi.org/10.1101/2021.05.13.21257129
https://doi.org/10.1001/jamaoncol.2021.4390
https://doi.org/10.1016/S1470-2045(21)00213-8
https://doi.org/10.1016/S1470-2045(21)00213-8
https://doi.org/10.1182/bloodadvances.2021005094

Camacho-Moll et al.

57. Herishanu Y, Avivi I, Aharon A, Shefer G, Levi S, Bronstein Y, et al. Efficacy of the
BNT162b2 mRNA COVID-19 vaccine in patients with chronic lymphocytic leukemia.
Blood. (2021) 137:3165-73. doi: 10.1182/blood.2021011568

58. Salinas-Martinez AM, Rodriguez-Vidales EP, Garza-Carrillo D, Robles-Rodriguez
OA, de Oca-Luna RM, Marroquin-Escamilla AR. Comparison of the effectiveness of
four SARS-COV-2 v accines in Nuevo Leon, Mexico: a test-negative control study. Aten
Primaria [Internet]. (2023) 55:102606. doi: 10.1016/j.aprim.2023.102606

59. Taboada B, Zarate S, I$a P, Boukadida C, Vazquez-perez JA, Mufioz-medina JE,
et al. Genetic analysis of sars-cov-2 variants in mexico during the first year of the
covid-19 pandemic. Viruses [Internet]. (2021) 13:1-20. doi: 10.3390/v13112161

60. Loza A, Wong—Chew RM, Jiménez-Corona ME, Zarate S, Lopez S, Ciria R, et al.
Two-year follow-up of the COVID-19 pandemic in Mexico. Front Public Health. (2022)
10:1050673. doi: 10.3389/fpubh.2022.1050673

61. De Maria L, Sponselli S, Caputi A, Pipoli A, Giannelli G, Delvecchio G, et al.
Comparison of three different waves in healthcare workers during the COVID-19
pandemic: a retrospective observational study in an Italian university hospital. J Clin
Med. (2022) 11:3074. doi: 10.3390/jcm11113074

62. Yang B, Lin Y, Xiong W, Liu C, Gao H, Ho E, et al. Comparison of control and
transmission of COVID-19 across epidemic waves in Hong Kong: an observational
study. Lancet Reg Health West Pac. (2024) 43:100969. doi: 10.1016/j.Janwpc.2023.100969

63. Paul P, El-Naas A, Hamad O, Salameh MA, Mhaimeed N, Laswi I, et al.
Effectiveness of the pre-omicron COVID-19 vaccines against omicron in reducing
infection, hospitalization, severity, and mortality compared to Delta and other variants:
a systematic review. Hum Vaccin Immunother. (2023) 19:2167410. doi:
10.1080/21645515.2023.2167410

64. Grewal R, Nguyen L, Buchan SA, Wilson SE, Nasreen S, Austin PC, et al.
Effectiveness of mRNA COVID-19 vaccine booster doses against omicron severe
outcomes. Nat Commun. (2023) 14:1273.

65. WHO. COVID-19 dashboard. Geneva: World Health Organization (2020).

66. Li XN, Huang Y, Wang W, Jing QL, Zhang CH, Qin PZ, et al. Effectiveness of
inactivated SARS-CoV-2 vaccines against the Delta variant infection in Guangzhou: a
test-negative case-control real-world study. Emerg Microbes Infect. (2021) 10:1751-9.
doi: 10.1080/22221751.2021.1969291

67. Nasreen S, Chung H, He S, Brown KA, Gubbay JB, Buchan SA, et al. Effectiveness
of COVID-19 vaccines against symptomatic SARS-CoV-2 infection and severe outcomes
with variants of concern in Ontario. Nat Microbiol. (2022) 7:379-85. doi: 10.1038/
541564-021-01053-0

68. Oordt-Speets A, Spinardi ], Mendoza C, Yang J, Morales G, McLaughlin JM, et al.
Effectiveness of COVID-19 vaccination on transmission: a systematic review. COVID.
(2023) 3:1516-27. doi: 10.3390/covid3100103

69. Link-Gelles R, Ciesla AA, Mak J, Miller JD, Silk BJ, Lambrou AS, et al. Early
estimates of updated 2023-2024 (monovalent XBB.1.5) COVID-19 vaccine effectiveness
against symptomatic SARS-CoV-2 infection attributable to co-circulating omicron
variants among immunocompetent adults — increasing community access to testing
program, United States, September 2023-January 2024. MMWR Morb Mortal Wkly Rep.
(2024) 73:77-83.

70. Kahn R, Janusz CB, Castro MC, da Rocha MA, Domingues C, Ponmattam J, et al.
The effectiveness of COVID-19 vaccines in Latin America, 2021: a multicenter regional
case-control study. The Lancet Regional Health - Americas. (2023) 20:100474. doi:
10.1016/j.1ana.2023.100474

71. Albreiki M, Mousa M, Azman SK, Vurivi H, Alhalwachi Z, Alshehhi F, et al. Risk
of hospitalization and vaccine effectiveness among COVID-19 patients in the UAE
during the Delta and omicron outbreaks. Front Immunol. (2023):14.

72.Li M, Liu Q, Wu D, Tang L, Wang X, Yan T, et al. Association of COVID-19
vaccination and clinical severity of patients infected with Delta or omicron variants -
China, 2021-February 28, 2022. China CDC Wkly. (2022) 4:293-7.

73.Tu W, Zhang P, Roberts A, Allen KS, Williams J, Embi P, et al. SARS-CoV-2
infection, hospitalization, and death in vaccinated and infected individuals by age
groups in Indiana, 2021-2022. Am ] Public Health. (2023) 113:96-04. doi: 10.2105/
AJPH.2022.307112

74. Thuluvath PJ, Robarts P, Chauhan M. Analysis of antibody responses after
COVID-19 vaccination in liver transplant recipients and those with chronic liver
diseases. ] Hepatol. (2021) 75:1434-9. doi: 10.1016/j.jhep.2021.08.008

75. Kobayashi M, Miyamoto A, Watanabe T, Sawa K, Sato K, Yamada K, et al.
COVID-19 vaccination benefits in preventing severe disease in mild-to-moderate cases:
an analysis in the first specialized hospital for COVID-19 in Japan. Respir Investig. (2023)
61:230-9. doi: 10.1016/j.resinv.2022.12.011

76.Singh AK, Phatak SR, Singh R, Bhattacharjee K, Singh NK, Gupta A, et al.
Antibody response after first and second-dose of ChAdOx1-nCOV (CovishieldTM®)

Frontiers in Public Health

13

10.3389/fpubh.2024.1402527

and BBV-152 (CovaxinTM®) among health care workers in India: the final results of
cross-sectional coronavirus vaccine-induced antibody titre (COVAT) study. Vaccine.
(2021) 39:6492-09. doi: 10.1016/j.vaccine.2021.09.055

77. Bello-Chavolla OY, Antonio-Villa NE, Valdés-Ferrer SI, Fermin-Martinez CA,
Ferndndez-Chirino L, Vargas-Vazquez A, et al. Effectiveness of a nationwide COVID-19
vaccination program in Mexico against symptomatic COVID-19, hospitalizations, and
death: a retrospective analysis of national surveillance data. Int J Infect Dis. (2023)
129:188-96. doi: 10.1016/4.ijid.2023.01.040

78. Mehrabi Nejad MM, Moosaie F, Dehghanbanadaki H, Haji Ghadery A, Shabani
M, Tabary M, et al. Immunogenicity of COVID-19 mRNA vaccines in
immunocompromised patients: a systematic review and meta-analysis. Eur ] Med Res.
(2022) 27:23.

79. Sanders JSE, Bemelman FJ, Messchendorp AL, Baan CC, Van Baarle D, Van
Binnendijk R, et al. The RECOVAC immune-response study: the immunogenicity,
tolerability, and safety of COVID-19 vaccination in patients with chronic kidney disease,
on Dialysis, or living with a kidney transplant. Transplantation. (2022) 106:821-34. doi:
10.1097/TP.0000000000003983

80. Albatayneh E, Alabdallat Y, Kreishan E, Ayash H, Abu-Lubad M. Humoral
immune response to COVID-19 infection or vaccination among celiac disease patients.
Cent Eur ] Immunol. (2022) 47:267-74. doi: 10.5114/ceji.2022.118649

81. Harboe ZB, Hamm SR, Pérez-Alo6s L, Sivapalan P, Priemé H, Wilcke T, et al.
Antibody responses and risk factors associated with impaired immunological outcomes
following two doses of BNT162b2 COVID-19 vaccination in patients with chronic
pulmonary diseases. BM] Open Respir Res. (2022) 9:e001268. doi: 10.1136/
bmjresp-2022-001268

82. Paggi R, Barbiero A, Manciulli T, Miftode A, Tilli M, Lagi F, et al. Characteristics
of COVID-19 vaccinated and unvaccinated patients admitted to Careggi university
hospital, Florence, Italy. Intern Emerg Med [Internet]. (2023) 18:821-30. doi: 10.1007/
s11739-023-03231-w

83. Instituto Nacional de Estadistica y Geografia. Estadisticas a propdsito del dia
mundial contra la obesidad. (2020).

84. Pellini R, Venuti A, Pimpinelli F, Abril E, Blandino G, Campo FE, et al. Initial
observations on age, gender, BMI and hypertension in antibody responses to SARS-
CoV-2 BNT162b2 vaccine. EClinicalMedicine [Internet]. (2021):36.

85. Watanabe M, Balena A, Tuccinardi D, Tozzi R, Risi R, Masi D, et al.
Central obesity, smoking habit, and hypertension are associated with lower antibody
titres in response to COVID-19 mRNA vaccine. Diabetes Metab Res Rev [Internet].
(2021)

86. World Health Organization. Interim recommendations for use of the Cansino
Ad5-nCoV-S vaccine (Convidecia ~) against COVID-19 [Internet]. (2022).
Available at: https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-
SAGE-recommendation-Ad5-nCoV-Convidecia

87. Borrayo-Sanchez G. The mexican health-care system and high blood pressure.
Cardiovasc Metab Sci. (2022):33.

88. Dong GY, Ding M, Dong X, Jin Z, Kursat Azkur A, Azkur D, et al. Risk factors for
severe and critically ill COVID-19 patients: a review. Allergy. (2021) 76:428-55. doi:
10.1111/all.14657

89. Instituto Nacional de Estadistica y Geografia. Estadisticas a propdsito del dia
mundial de la diabetes (14 de noviembre). México (2021).

90. Rajpal A, Rahimi L, Ismail-Beigi F. Factors leading to high morbidity and mortality
of COVID-19 in patients with type 2 diabetes. J Diabetes. (2020) 12:895-08. doi:
10.1111/1753-0407.13085

91. Betancourt-Cravioto M, Falcdn-Lezama JA, Saucedo-Martinez R, Alfaro-Cortés
MM, Tapia-Conyer R. Public health and economic benefits of influenza vaccination of
the population aged 50 to 59 years without risk factors for influenza complications in
Mexico: a cross-sectional epidemiological study. Vaccines (Basel). (2021) 9:188. doi:
10.3390/vaccines9030188

92. Romero-Feregrino R, Romero-Cabello R, Rodriguez-Leén MA, Rocha-Rocha
VM, Romero-Feregrino R, Mufioz-Cordero B. Report of the influenza vaccination
program in Mexico (2006-2022) and proposals for its improvement. Vaccines (Basel).
(2023) 11:1686. doi: 10.3390/vaccines11111686

93. Stefanizzi P, Martinelli A, Bianchi FP, Migliore G, Tafuri S. Acceptability of the
third dose of anti-SARS-CoV-2 vaccine co-administered with influenza vaccine:
preliminary data in a sample of Italian HCWs. Hum Vaccin Immunother. (2022) 18:1-2.
doi: 10.1080/21645515.2021.2011652

94. Collatuzzo G, Visci G, Violante FS, Porru S, Spiteri G, Monaco MGL, et al.
Determinants of anti-S immune response at 6 months after COVID-19 vaccination in a
multicentric European cohort of healthcare workers - ORCHESTRA project. Front
Immunol. (2022) 11:13. doi: 10.3390/vaccines11101527

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1402527
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1182/blood.2021011568
https://doi.org/10.1016/j.aprim.2023.102606
https://doi.org/10.3390/v13112161
https://doi.org/10.3389/fpubh.2022.1050673
https://doi.org/10.3390/jcm11113074
https://doi.org/10.1016/j.lanwpc.2023.100969
https://doi.org/10.1080/21645515.2023.2167410
https://doi.org/10.1080/22221751.2021.1969291
https://doi.org/10.1038/s41564-021-01053-0
https://doi.org/10.1038/s41564-021-01053-0
https://doi.org/10.3390/covid3100103
https://doi.org/10.1016/j.lana.2023.100474
https://doi.org/10.2105/AJPH.2022.307112
https://doi.org/10.2105/AJPH.2022.307112
https://doi.org/10.1016/j.jhep.2021.08.008
https://doi.org/10.1016/j.resinv.2022.12.011
https://doi.org/10.1016/j.vaccine.2021.09.055
https://doi.org/10.1016/j.ijid.2023.01.040
https://doi.org/10.1097/TP.0000000000003983
https://doi.org/10.5114/ceji.2022.118649
https://doi.org/10.1136/bmjresp-2022-001268
https://doi.org/10.1136/bmjresp-2022-001268
https://doi.org/10.1007/s11739-023-03231-w
https://doi.org/10.1007/s11739-023-03231-w
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE-recommendation-Ad5-nCoV-Convidecia
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE-recommendation-Ad5-nCoV-Convidecia
https://doi.org/10.1111/all.14657
https://doi.org/10.1111/1753-0407.13085
https://doi.org/10.3390/vaccines9030188
https://doi.org/10.3390/vaccines11111686
https://doi.org/10.1080/21645515.2021.2011652
https://doi.org/10.3390/vaccines11101527

	The impact of comorbidity status in COVID-19 vaccines effectiveness before and after SARS-CoV-2 omicron variant in northeastern Mexico: a retrospective multi-hospital study
	1 Introduction
	2 Methods
	2.1 Study variables
	2.1.1 Vaccine effectiveness
	2.1.2 Type of vaccine
	2.1.3 Vaccination status
	2.1.4 Comorbidities
	2.1.5 Control variables
	2.1.6 Statistical analysis
	2.1.7 Sources of data

	3 Results
	3.1 Sociodemographic characteristics
	3.2 Effectiveness of two doses (more than 14 days) of COVID-19 vaccines against COVID-19 infection
	3.3 Effectiveness of one dose (more than 14 days) of COVID-19 vaccines against COVID-19 infection
	3.4 Effectiveness of two doses (more than 14 days) of COVID-19 vaccines against hospitalization due to COVID-19
	3.5 Effectiveness of one dose (more than 14 days) of COVID-19 vaccines against hospitalization due to COVID-19
	3.6 Effectiveness of two doses (more than 14 days) of COVID-19 vaccines against death as an outcome of COVID-19
	3.7 Effectiveness of one dose (more than 14 days) of COVID-19 vaccines against death as an outcome of COVID-19

	4 Discussion
	4.1 Before Omicron
	4.2 After Omicron

	5 Conclusion
	5.1 Limitations

	Data availability statement
	Ethics statement
	Author contributions

	References

