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ABSTRACT

The COVID-19 pandemic is a global public health problem that has revealed deficiencies and challenges in health systems worldwide. To date,
four waves (each one driven by different viral variants and showing different behaviors) have affected Mexico. Here we describe the COVID-19
pandemic behavior in the population of Sinaloa, Mexico after four epidemic waves. Epidemiological data were obtained from public federal
databases from March 2020 to February 2022, and genomes of SARS-CoV-2 variants of interest (VOI) and concern (VOC) in Sinaloa were
downloaded from the GISAID database from January 2021 to May 2022. The relative risk (RR) of SARS-CoV-2 infection was calculated from
public data. Sinaloa presented four epidemic waves from March 2020 to February 2022, and each wave was driven by different variants with
different degrees of transmissibility and severity. Interestingly, the delta variant (which dominated the third wave) was probably the most severe,
producing a large number of cases per day and high mortality rates, while the omicron variant (which dominated the fourth wave) produced the
largest number of cases per day but decreased mortality rates. Most of the COVID-19 cases in Sinaloa occurred among people between 30 and
45 years old, and the average age of the deceased was above 60 years old in all waves. Older people showed higher risk of infection than infants
and younger people; however, the relative risk (RR) for people older than 60 years old decreased in the third and fourth waves. Men older than
60 years old showed higher RR than women of the same age group. The COVID-19 pandemic has shown changing behaviors in time, mostly
derived from different emerging viral variants and the immunization of the population. Overall, these results show that SARS-CoV-2 infections
appear in timely waves, each one driven by different variants (and subvariants or sublineages), with different degrees of transmissibility and
severity. The population should continue with preventive measures to avoid infection.
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Variantes de SARS-CoV-2 y los casos asociados a cuatro olas epidemioldgicas en Sinaloa, México

RESUMEN

La pandemia de COVID-19 es un problema de salud publica que ha revelado las deficiencias y los retos presentes en el funcionamiento de los
sistemas hospitalarios del mundo. En México, hasta el momento de finalizar esta recopilacion, se han manifestado cuatro “olas epidemiologicas”,
cada una dominada por variantes virales con comportamientos diferentes. En este reporte se describe el progreso de la pandemia COVID-19
en la poblacion de Sinaloa, México, durante las cuatro olas epidemioldgicas. La informacion se obtuvo de las bases de datos publicas federales
durante el periodo de marzo del 2020 a febrero del 2022 y los genomas de las variantes de SARS-CoV-2 de interés y preocupacion en Sinaloa se
tomaron de la base de datos GISAID de enero del 2021 a mayo del 2022. El riesgo relativo (RR) de contraer SARS-CoV-2 fue calculado a partir
de documentos publicos. Sinaloa presenté cuatro olas epidemiologicas, entre marzo del 2020 y febrero del 2022, cada una estuvo dominada por
variantes diferentes, también en grado de transmision y severidad. Es un hecho de interés que la variante delta (presente en la tercera ola) fue la
mas severa, por el alto nimero de enfermos por dia y las altas tasas de mortalidad, a diferencia de la variante omicron (en la cuarta ola) que produjo
el mayor nimero de pacientes por dia, pero menores tasas de mortalidad. La mayoria de los contagios por COVID-19 en Sinaloa se presentaron
en la poblacion de entre 30 y 45 afios de edad, con una edad promedio de los fallecidos superior a los 60 afos en todas las olas; estos tltimos
por ser adultos mayores, fueron mas vulnerables que los infantes y las personas mas jévenes, sin embargo, el riesgo relativo (RR) para personas
mayores disminuy6 en la tercera y cuarta olas. Los hombres mayores de 60 afios presentaron un RR mas alto que las mujeres de la misma edad.
En el transcurso de la pandemia, los cambios de comportamiento del virus se deben a la emergencia de las nuevas variantes y a la respuesta de la
poblacion inmunizada. En general, los resultados indican que las variantes (subvariantes o sublinajes) del SARS-CoV-2 cada vez que surgen en lo
que se denomina como “una ola”, el grado de severidad y su transmision es distinta, lo que conlleva a la poblacion a una permanente prevencion.
Palabras clave: variantes de SARS-CoV-2, riesgo relativo, COVID-19, Sinaloa, vacuna.
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INTRODUCTION
ARS-CoV-2 (Severe Acute Respiratory Syndrome-

f Y Coronavirus-2) s the causative agent of Coronavirus

Disease-19 (COVID-19) in humans. The entry of
the virus into the cells is favored by the affinity
of the Spike protein to the angiotensin-converting enzyme 2
(ACE2) in the host cell membrane (Gadanec ef al., 2002), and
most SARS-CoV-2 mutations detected worldwide are found
within the Spike protein (Becerra-Flores & Cardozo, 2020).
These mutations have produced different variants and lineages.
According to the Center for Disease Control and Prevention
(CDC), a lineage is a “group of closely related viruses with a
common ancestor”’, whereas a variant refers to the “viral genome
that may contain one or more mutations that differentiate it
from other variants™; thus variants with similar mutations have
been designated as Variants of Concern (VOC) or Variants of
Interest (VOI) depending on their severity, transmissibility,
immune response, or treatment efficacy (https://www.cdc.gov/
coronavirus/2019-ncov/variants/variant-classifications.html).

SARS-CoV-2 variants have been named after the country
they were identified for the first time, the Pango lineage, and
letters from the Greek alphabet convened by the World Health
Organization (https://www.who.int/en/activities/tracking-
SARS-CoV-2-variants/). For instance, VOCs include alpha
(B.1.1.7) found for the first time in the United Kingdom,
gamma (P.1) first found in Japan and Brazil, delta (original
lineage B.1.617.2) found in India, beta (B.1.351) and omicron
(original lineage B.1.1.529) found in South Africa. Different
variants show different degrees of transmissibility and severity
(Davies et al., 2021). In Mexico, in addition to VOCs, the
epsilon variants (B.1.427 and B.1.429) found for the first time
in California (USA) and the B.1.1.519 lineage found in Mexico
have also been reported.

The extension of the country (1.9 million km? of continental
surface), the environmental, socioeconomic, and cultural
heterogeneity, as well as a decentralized health system, caused
different dynamics in the pandemic among regions and/or states
(suppl. Figure S1); Sinaloa is a state located in the northwestern
coast of Mexico, it sustains important economic activities such
as agriculture, aquaculture, and tourism; the latter is the main
source of income in the port of Mazatlan (located at the southern
side of the state), which holds crowded touristic activities,
creating a suitable environment for viral transmission. Thus,
the aim of this work was to describe the COVID-19 pandemic
behavior in Sinaloa after four epidemic waves.

METHODOLOGY

The genomes of SARS-CoV-2 variants reported for Sinaloa
were obtained from the GISAID database https://www.
gisaid.org (last accessed June 14th, 2022, suppl. file S2). The
lineages were determined with Pangolin v4.0. COVID-19
cases and deaths reported in Sinaloa, from March 2020 to

February 2022, were obtained from the General Directorate
of Epidemiology (DGE in Spanish) database https:/www.
gob.mx/salud/documentos/datos-abiertos-bases-historicas-
direccion-general-de-epidemiologia?idiom=es (last accessed
March 13, 2022). Number of waves in Sinaloa was identified
from the epidemiological curve (number of cases per day of
onset of symptoms), and Mood’s median test and the post hoc
pairwise median test were performed to detect differences in
age between the waves, with total sample sizes of 75 for cases
and 150 for deaths, estimated from previous analyzes with a
total sample of 10 by wave, a significance level of a = 0.05
and power of y = 0.9. The Relative Risk (RR) of infection with
SARS-CoV-2, defined as the ratio of sick individuals in a given
age group to the general population belonging to the same age
group, was calculated according to Sun, Chen & Viboud (2020):

R; = ~tg—

where C;is the number of cases in age group i and N, is the
population size of age group i.

The population size of the age group (N;) for Sinaloa was
obtained from the official Mexican census of 2020 https://
datamexico.org/es/profile/geo/sinaloa-si (lastaccessed February
28, 2022). Multifactorial ANOVA and Sidak HSD tests were
used to assess the influence of sex, age, and epidemic waves in
the Relative Risk (model: RR ~ sex +age + wave). All analyses
were performed in R v4.0.

REsuLTS

Variants of SARS-CoV-2 detected in Sinaloa, Mexico

A total of 2,090 genomes were recovered from GISAID, of
these, two were not considered as they lack a complete sampling
date. Genomes were obtained from different locations in
Sinaloa: Ahome (26), Culiacan (469), El Fuerte (1), Guasave
(16), Los Mochis (119), Mazatlan (414), Navolato 1, and not
specified (1,044); 10 samples were taken in 2020, 1,768 in
2021, and 312 in 2022. 719 were obtained from females, 801
from males, and 570 from unknown sex; 2,085 samples were
human, and 5 were environmental.

According with GISAID records, predominant SARS-CoV-2
variants in Sinaloa, from February 2021 to May 2022, were
alpha(B.1.1.7),gamma (P.1), delta (original lineage: B.1.617.2)
and its lineages AY, lambda (C.37), Mu (B.1.621), and omicron
(original lineage: B.1.1.529) and its lineages B.1 and B2, and
sublineages (Figure 1).

The COVID-19 pandemic in Sinaloa from March 2020 to
February 2022 showed four epidemic waves; the first wave
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Figure 1. SARS-CoV-2 genomes (2088) sequenced from samples collected in Sinaloa, Mexico, from January 2021 to May 2022. * Lineages

and sublineages.

presenting a peak between May and June 2020; the second
between February and March 2021; the third between June and
August 2021; and the fourth between January and February
2022. The first wave presented a plateau descent of around
four months, and the highest numbers of cases per day were
recorded during the third and fourth waves. Likewise, the highest
numbers of deaths per day were observed during the first and
third waves (Figure 2). Epsilon variants (B.1.427 and B.1.429)
and the B.1.1.519 lineage dominated the second wave. During
the third wave, the delta variant and its AY lineages displaced
the previous ones, although alpha and gamma variants were
also detected. In the fourth wave, the omicron variant and its
lineages (BA.1, BA.1.1) dominated and almost displaced the
delta variant. No genomic information was available in the
GISAID database for Sinaloa for the first wave.

The median age of positive cases was 44 years old in the first
wave, 41 years old in the second wave, 36 years old in the
third wave, and 37 years old in the fourth wave (Figure 3A).
Significant differences among medians of the “age” factor were
also detected between the first and third waves, the second and
third waves, and the third and fourth waves (Mood’s median
test: p=0.0000713, wavel-wave3:p=0.01017, wave2-wave3:
p=0.00000272, wave3-waved: p=0.045). The age distribution
of SARS-CoV-2-associated deaths (Figure 3B) was skewed

towards older age groups with a median of 67 years old for
the first wave, 69 years old for the second wave, 61 years old
for the third wave, and 74 years old for the fourth wave. A
significant decrease in median age was detected in the third
wave with respect to the first, second, and fourth waves,
and between the first and second with respect to the fourth
wave (Mood’s median test: p = 0.000000158, wavel-wave3:
p = 0.000807, wavel-wave4: p = 0.000445, wave2-wave3:
p = 0.000164, wave2-waved: p = 0.00679, wave3-wave4:
p = 0.00000000598).

More COVID-19 cases were observed in the third and fourth
waves compared with the first and second waves, and total
mortality was lower in the fourth wave (Figure 4). Few
infections among children were confirmed by the adjustment
of age demographics of Sinaloa, with an RR below 0.5. The
RRs were above 1 in people over 60 years old in the first and
second waves; however, during the third and fourth waves the
risk decreased for this age group (which was one of the first
to be vaccinated). Also, men older than 60 years old showed
higher RR than women of the same age group. The RRs were
also above 1 in people from 30 to 59 years old mostly during
the third and fourth waves, indicating that this age group was
exposed during this period, presenting a high probability
of infection. Also, the age group of 15-29 in the third wave
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Figure 2. SARS-CoV-2 epidemic waves in Sinaloa, Mexico from March 2020 to February 2022. (A) Cases per day and (B) deaths per day.
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Figure 4. Distribution of SARS-CoV-2-associated cases and deaths, and the Relative Risk (RR) of infection by sex and age groups,

according to epidemic waves in Sinaloa, Mexico.

showed an RR above 1, indicating that this age group was also
exposed (Figure 4). ANOVA showed that the factor “age”, but
not the factor “wave” or “sex” influenced the RR significantly
(p = 6.33e-10 for age; 0.154 for wave, and 0.137 for sex). In
the post-hoc analysis, significant differences were detected for
o= 0.05 between the 0-14 age group and the other age groups
(p <0.0001), and for a. = 0.1 between the 30-44 age group and
both 15-19 and 60-74 age groups (p=0.061) (suppl. Figure S3).

Discussion

Viral variants have arisen due to different mutations, with
implications for transmissibility since they can modify the
affinity of the Spike protein with ACE2 receptors in humans,
affecting both viral entry and replication (Zhou & Wang,
2021), plus they may also evade the immune system (Garcia-
Beltran et al., 2021). Current vaccines for SARS-CoV-2 have
been selected based on their ability to generate neutralizing
antibodies (Kyriakidis, Lopez-Cortés, Gonzalez, Grimaldos &
Prado, 2021; Krammer, 2020). Vaccination in Sinaloa started
at the beginning of the second wave, on January 12, 2021
for health professionals, and on May 16 for teachers, school
workers, and people over 50 years old. During the third wave,
a large percent of the adult population had received at least

the first dose of the vaccine. From January 13th, 2021 to date,
five vaccines have been applied in the population of Sinaloa,
under the federal vaccination program: AZD 1222, CoronaVac,
BNT162b2, Ad5-nCOV, and mRNA-1273 from the companies
AstraZeneca, Sinovac, Pfizer-BioNTech, CanSinoBio, and
Modernarespectively (https://saludsinaloa.gob.mx/). Vaccines
developed by AstraZeneca and CanSinoBio are based on non-
replicative viral vectors (Folegatti et al., 2020; Wu, 2020)
such as simian or human adenovirus, which produce the Spike
glycoprotein to improve humoral and cellular responses in
mammalian cells. CoronaVac vaccine from Sinovac contains
inactivated SARS-CoV-2 (Zhang, Zeng & Pan, 2021). Pfizer-
BioNTech and Moderna successfully developed a vaccine
consisting of the full-length Spike mRNA (Martinez-Flores
etal., 2021).

All these vaccines were initially designed to fight the original
variant of SARS-CoV-2 (Wuhan strain NC_045512); however,
mutation and recombination rates mostly in the receptor-binding
domain (RBD) of the Spike protein have posed a challenge for
acquired immunity (Duarte ef al., 2022). A new generation of
vaccines should achieve better recognition of viral variants
and boost immunity to cope with subsequent epidemic waves.
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New SARS-CoV-2 variants present mutations that allow a
more efficient internalization into the host cell and/or immune
response evasion (McCallumetal.,2022). Forexample, N501Y
and E484K mutations are present in the RBD of B.1.1.7,
B.1.351 andP.1 lineages. N501Y increases the affinity to ACE2,
whereas E484K and L452R (found in the RBD of B.1.617 and
B.1.427/429 linages) enable the escape from several monoclonal
antibodies as well as antibodies in plasma from convalescent
patients (Harvey et al., 2021; lijima et al., 2022); thus, new
variants with the proper combination of mutations could
potentially generate a new COVID-19 wave.

Delta and omicron variants were more contagious than previous
variants (Daria, Asaduzzaman, Shahriar & Islam, 2021), and
dominated the third and fourth waves, respectively, in Sinaloa.
The median age of the deceased was above 60 years old in
all waves, and most of the cases occurred in people between
30 and 45 years old; importantly, this age group makes up a
significant portion of the labor force in the state. A previous
study showed that susceptibility to SARS-CoV-2 infection in
individuals under 20 years old is approximately half of adults
aged over 20 years old (Davies et al., 2020). Older age is an
especially strong and independent risk factor for hospitalization,
mechanical ventilation, and death (Clarfield & Dwolatzky, 2021).
Younger people are more likely to have stronger immune systems
compared to older people (Turke, 2020).In addition, older adults
have more incidences of pre-existing chronic diseases affecting
the immune system and therefore the response against the virus
(Balboa-Castillo et al., 2021).

Asmentioned before, there were more SARS-CoV-2-associated
cases in the third and fourth waves compared with the first and
second waves; however, the number of deaths per day was
higher in the first and third waves. In addition, total mortality
was higher in the first, second, and third waves, decreasing in
the fourth wave. This behavior could be due to the combination
of several factors; the presence of SARS-CoV-2 variants, with
high prevalence of the contagious delta and omicron lineages
during the third and fourth waves; the lack of vaccines and
treatments, as well as insufficient medical facilities for patient
care and hospitalization mostly in the first wave; the severity
of delta linages during the third wave; the vaccination program
starting in January 2021 (at the beginning of the second wave)
immunizing the most exposed or vulnerable population first,
achieving complete vaccination schemes (including boosting
doses) during the fourth wave; and a better understanding of
SARS-CoV-2 pathology as the pandemic evolved.

Recently, Torres-Ibarra et al. (2022) estimated infection fatality
rates (IFRs) after the first epidemic wave in Mexico and found
that IFRs were higher for men than for women and increased
with age. They also observed that urban and metropolitan areas
experienced higher IFRs than rural areas, and suggested that

the large heterogeneity of IFRs across regions could be due to
structural factors, such as population density, hospital saturation,
or quality of care. In addition, they explained some limitations
of the estimation of IFRs such as the misclassification due to
lack of testing at the beginning of the pandemic, the variability
in IFRs that can be introduced depending on selected dates, and
the underestimation of seroprevalence because some subgroups
at high risk of SARS-CoV-2 infection were not considered in
ENSANUT 2020 Covid-19 database. Here, we did not estimate
the IFRs for Sinaloa, but we calculated the RRs in the four
epidemic waves, which considered the positive cases over
the total population. We found that a higher relative risk was
detected in men than in women older than 60 years old in the
first and second waves, which agrees with previous reports
suggesting differences in interferon responses between both
sexes (Ciarambino, Para & Giordano, 2021).

This study has some limitations that should be considered
because DGE bases are biased due to underreporting, and
sampling ofisolates for genomic sequencing may also be biased
because successful sequencing depends on relatively high viral
loads, and may not necessarily represent all circulating variants
in Sinaloa.

CONCLUSIONS

The COVID-19 pandemic in the state of Sinaloa showed four
epidemiological waves in the period from January 2020 to
February 2022. Different SARS-CoV-2 variants drove each
wave. The decrease in the number of deaths during the fourth
wave could berelated to the vaccination program, more efficient
and affordable testing alternatives, and the use of preventive
measures (such as masks and virtual work) during the pandemic.
COVID-19 waves in Sinaloa seem to occur during summer and
winter, not necessarily coinciding with massive events, and
precise triggering factors are still not clear. Preventive measures
might be partially relaxed only during “interwave” periods, but
reinforced as the wave arrives. It is important for the population
to understand the behavior of the COVID-19 pandemic, and,
continue with preventive and containment measures.
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SuPPLEMENTARY FIGURE S1
COVID-19 PANDEMIC DYNAMICS IN MEXICO
(Cases by symptom onset by Federal entity)
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SUPPLEMENTAL TABLE

Data Availability
GISAID Identifier: EPI_SET 20220614xp
DOLI: https://doi.org/10.55876/gis8.220614xp

All genome sequences and associated metadata in this dataset are published in GISAID’s EpiCoV database. To view the
contributors of each individual sequence with details such as accession number, Virus name, Collection date, Originating Lab
and Submitting Lab and the list of Authors, visit https://doi.org/10.55876/gis8.220614xp

Data Snapshot

* EPI SET 20220614xp is composed of 2,090 individual genome sequences.
* The collection dates range from 2020-04-02 to 2022-05-23;
e Data were collected in 1 countries and territories;

» All sequences in this dataset are compared relative to hCoV-19/Wuhan/WIV04/2019 (WIV04), the official reference
sequence employed by GISAID (EPI_ISL 402124). Learn more at https://gisaid.org/WIV04.

SUPPLEMENTARY FIGURE S2
ANOVA FoR THE RELATIVE RISK (RR) oF INFECTION WITH SARS-C0V-2 FOR SEX,
AGE, AND WAVE FACTORS, IN COVID-19 PATIENTS IN SINALOA, MEXICO.

ANOVA table for the model RR = sex + age + wave.

Source Sum Sq Df F value P
sex 0.2022 1 2.3083 0.137
age 9.0572 5 20.6803 6.327e-10
wave 0.4869 3 1.8531 0.154
Residuals 3.3285 38

Post-hoc comparison with Sidak method for the estimated marginal means
(Least-square means) of the RR response to the age factor.

contrast estimate SE df t.ratio p-value
0-14 - 15-19 -0.8605 0.1480 38 -5.8147 0.000015
0-14 - 30-44 -1.3115 0.1480 38 -8.8629 0.000000
0-14 - 45-59 -1.0993 0.1480 38 -7.4289 0.000000
0-14 - 60-74 -0.8558 0.1480 38 -5.7833 0.000017
0-14 - >=75 -1.2314 0.1480 38 -8.3215 0.000000
15-19 - 30-44 -0.4511 0.1480 38 -3.0481 0.060852
15-19 - 45-59 -0.2389 0.1480 38 -1.6142 0.839359
15-19 - 60-74 0.0047 0.1480 38 0.0314 1.000000
15-19 - >=75 -0.3710 0.1480 38 -2.5068 0.221815
30-44 - 45-59 0.2122 0.1480 38 1.4340 0.926535
30-44 - 60-74 0.4557 0.1480 38 3.0796 0.056082
30-44 - >=75 0.0801 0.1480 38 0.5414 0.999999
45-59 - 60-74 0.2435 0.1480 38 1.6456 0.820215
45-59 - >=75 -0.1321 0.1480 38 -0.8926 0.999187
60-74 - >=75 -0.3756 0.1480 38 -2.5382 0.207243

Results are averaged over the levels of: sex, wave. P value adjustment: Sidak method for 15 tests.
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Confident interval at 95% (a = 0.05) and 99% (a = 0.1) levels for estimated
marginal means (Least-square means) of the RR response to the age factor.

a=0.05 a=0.1
age mean SE df lower.CL | upper.CL |group |lower.CL |upper.CL | group
0-14 0.208 | 0.105 38 -0.082 0.498 | a -0.052 0.468 | a
60-74 1.064 | 0.105 38 0.774 1.354 | b 0.804 1.324 | b
15-19 1.069 | 0.105 38 0.778 1359 |b 0.808 1.329 | b
45-59 1.307 0.105 38 1.017 1.598 | b 1.047 1.568 | be
>=75 1.439| 0.105 38 1.149 1.730 | b 1.179 1.700 | bc
30-44 1.52| 0.105 38 1.229 1.810 | b 1.259 1.780 | c

Results are averaged over the levels of: sex, wave. Confidence level used: 0.95 and 0.9. Conf-level adjustment:
Sidak method for 6 estimates. P value adjustment: Sidak method for 15 tests significance level used: alpha = 0.05 and 0.01.
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Figure S2. Estimated marginal means (Least-square means) of the RR response to the age factor in COVID-19 patients in Sinaloa,
Mexico. The purple stripes indicate the 95% confidence interval, and the red arrows the contrast between age groups for alpha = 0.05.




