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Abstract
Background: To identify factors predicting severe coronavirus disease 2019 (COVID-19) in adolescent and adult
patients with laboratory-positive (quantitative reverse-transcription polymerase chain reaction) infection.
Method: A retrospective cohort study took place, and data from 740 subjects, from all 32 states of Mexico, were
analyzed. The association between the studied factors and severe (dyspnea requiring hospital admission) COVID-19
was evaluated through risk ratios (RRs) and 95% confidence intervals (CIs).
Results: Severe illness was documented in 28% of participants. In multiple analysis, male gender (RR = 1.13, 95% CI 1.06–
1.20), advanced age ([reference: 15–29 years old] 30–44, RR = 1.02, 95% CI 0.94–1.11; 45–59, RR = 1.26, 95% CI 1.15–1.38;
60 years or older, RR = 1.44, 95% CI 1.29–1.60), chronic kidney disease (RR = 1.31, 95% CI 1.04–1.64) and thoracic pain
(RR = 1.16, 95% CI 1.10–1.24) were associated with an increased risk of severe disease.
Conclusions: To the best of our knowledge, this is the first study evaluating predictors of COVID-19 severity in a large
subset of the Latin-American population. Male gender and kidney illness were independently associated with the risk of
severe COVID-19. These results may be useful for health care protocols for the early detection and management of
patients that may benefit from opportune and specialized supportive medical treatment.
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Background
Since its first detection in December 2019 [1], the coronavirus disease 2019 (COVID-19) caused by SARSCOV-2 (severe acute respiratory syndrome coronavirus
2) has spread rapidly to most regions of the world, including Latin America. In Mexico and by the first half of
August 2020, more than 500 thousand confirmed cases
and 55 thousand deaths had been registered [2].
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The COVID-19 pandemic represents a major challenge for healthcare systems worldwide and the precise
pathogenic mechanism of severe manifestations has not
been elucidated, but it appears that primarily host factors rather than viral genetic mutations play a major role
[3]. Clinical factors that had been associated with a
greater risk for severe COVID-19 are numerous and include increasing age, pre-existing comorbidities (i.e. type
2 diabetes mellitus and kidney dysfunction), and biomarkers of end-organ dysfunction, among others [4].
Most published studies evaluating markers of severe
illness have been conducted among Asian and European
populations and identifying factors to predict disease
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severity in cases is fundamental to improve the survival
rate from COVID-19 [5]. We aimed to identify what factors are associated with the risk of severe laboratoryconfirmed COVID-19 among adolescent and adult patients in Mexico.

Method
Study design and setting

A retrospective cohort study was conducted in April
2020. Potential eligible subjects (laboratory-confirmed
cases of COVID-19, quantitative reverse-transcription
polymerase chain reaction, RT-qPCR) were identified
from nominal records found in a national normative online system for respiratory viruses surveillance (RVSS).
Eligible cases were registered at any of more than 1800
medical units (three levels of care) that the Mexican Institute of Social Security (IMSS, the Spanish acronym)
has all across Mexico. The IMSS provides health care
services to more than a third of the total population of
Mexico [6].
Study population

Individuals aged 15 years or older, with symptoms onset
from February 28 to March 20, 2020, and with conclusive test results (SARS-COV-2 infection confirmed) were
eligible. Individuals with missing clinical or epidemiologic data of interest were excluded. In Mexico, phase 2
of the COVID-19 pandemic started on March 24 and,
before that, laboratory testing was performed in all suspected ambulatory and no ambulatory cases [7].
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Outcome

Laboratory-confirmed COVID-19 patients, and for epidemiological purposes, were classified as severe if they reported dyspnea [8] that resulted in hospital admission. Patients with
severe manifestation were the main binary outcome (no/yes).
Patients without dyspnea, despite being admitted to hospital,
were considered as non-severe COVID-19 cases.
Laboratory methods

According to normative standards [7], clinical specimens
(nasopharyngeal or deep nasal swab) are analyzed
(SuperScript™ III Platinum™ One-Step qRT-PCR Kits) at
any of four specialized regional laboratories integrated
with the IMSS network for epidemiologic surveillance.
The laboratory methods employed in the IMSS network
follow strict quality assurance standards in the diagnosis
of viral respiratory pathogens [9].
Statistical analysis

Summary statistics were calculated, and the significance
level was set at 5%. Risk ratios (RRs) and 95% confidence
intervals (CIs), estimated by using generalized linear regression models, were employed to evaluate the association between the exposures to the analyzed risk, and
the risk of severe COVID-19. All analyses were conducted using Stata version 14.0 (StataCorp).
Ethical considerations

The Local Research Ethics Committee approved this
study at the Mexican Institute of Social Security (IMSS,
the Spanish acronym). With the Research Ethics Approval Number/ID: R-2020-601-015.

Data collection

Demographic characteristics (sex, age), tobacco use
(current), personal history of chronic communicable disease (HIV infection, no/yes) and noncommunicable disease (no/yes: obesity [body mass index of 30 or higher],
arterial hypertension, type 2 diabetes mellitus, asthma,
chronic kidney disease, immunosuppression, chronic obstructive pulmonary disease, or cardiovascular illness)
were collected from the surveillance system. Date of
healthcare-seeking and, when applicable, dates of hospital admission and discharge were also extracted from
the audited database.
Additional clinical and epidemiologic data, such as if
the influenza vaccine was applied during the same season as the onset of the acute illness (no/yes), and if acute
symptoms were reported (cough, fever, headache, myalgia, arthralgia, odynophagia, chills, rhinorrhea, thoracic
pain, diarrhea, polypnea, no/yes) were also extracted
from the database. The primary data sources were the
medical records of the enrolled patients; these records
were obtained from the employed surveillance resource
system.

Results
Data from 740 participants registered by 229 medical
units located all across the country was analyzed. The
study profile is shown in Fig. 1. Dyspnea was registered
in 285 individuals, and 207 of them required hospital admission. Therefore, they were classified as severe
COVID-19 cases (28.0% from enrolled subjects).
Table 1 shows the characteristics of the study sample for
the variables selected. Most of the participants were male
(57.3%), and the overall mean age (± standard deviation)
was 43.7 ± 14.9 years old. No gender-related differences
were observed in terms of age (p = 0.371). Two-thirds of
enrolled patients were aged 30–59 years old. Antipyretic
drugs were prescribed to most (55.9%) subjects before they
sought healthcare and, in 9 out of 10 them, acetaminophen
was consumed. The mean length of hospital stay in severe
cases was 4.9 ± 4.1 days and ranged from 0 to 19 days.
Severe COVID-19 cases were older (53.1 ± 15.4 vs.
40.0 ± 13.0, p < 0.001) when compared with non-severe
patients (Table 1), and particularly in the eldest age
group (≥ 60 years old; 30.4% vs. 8.4%). Severe cases were
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Fig. 1 Study profile, Mexico 2020. Abbreviations: RVSS, Respiratory Virus Surveillance System; COVID-19, Coronavirus disease 2019

also more likely to seek healthcare after four or more
days after symptoms onset (38.2% vs. 24.8%, p < 0.001).
Regarding the acute symptoms profile, severe cases
had a higher frequency of fever (91.8% vs. 84.6%, p =
0.010), thoracic pain (53.6% vs. 32.1%, p < 0.001) and
polypnea (10.6% vs. 0.9%, p < 0.001). Significant and
higher prevalences of pain-related symptoms (headache,
myalgia, arthralgia, odynophagia) were documented in
non-severe cases (Table 1).
In the multiple regression analysis (Table 2), male gender (RR = 1.13, 95% CI 1.06–1.20) and older patients
([reference: 15–29 years old] 30–44, RR = 1.02, 95% CI
0.94–1.11; 45–59, RR = 1.26, 95% CI 1.15–1.38; 60 years
or older, RR = 1.44, 95% CI 1.29–1.60), subjects to thoracic pain (RR = 1.16, 95% CI 1.10–1.24) or chronic kidney disease (RR = 1.31, 95% CI 1.04–1.64) were also
more likely to present severe COVID-19. On the other
hand, in multiple analysis the history of obesity, tobacco
use, cardiovascular or metabolic diseases, and pulmonary
illness (namely asthma or chronic obstructive pulmonary
disease) were not associated with the evaluated outcome.

Discussion
Our findings suggest that more than 1 of 4 analyzed patients developed severe COVID-19 and its predictors

were identified. To the best of our knowledge, this is the
first study evaluating factors associated with the illness
severity in a large subset of Latin-American subjects.
Severe disease, according to our results, was presented
by 28% (207/740) of enrolled laboratory-confirmed cases.
This proportion is similar to government estimates
(29%) at the national level (all healthcare institutions, including private facilities) by the end of the first week of
April and when 3181 RT-qPCR-confirmed cases had
been registered [10].
After adjusting by factors such as age, obesity and personal history of chronic noncommunicable diseases,
males from our study sample were more likely (RR =
1.13, 95% CI 1.06–1.20) to develop dyspnea and to require hospital admission. Similar findings were previously described among Chinese adults, where male
patients were more likely to develop severe COVID-19
[11].
Further research has to determine the pathogenic
underlying mechanism between gender and the severity
of SARS-COV-2 infection. Published data suggests that
gender differences in susceptibility to SARS-COV (Severe Acute Respiratory Syndrome Coronavirus) in mice
were secondary to estrogen receptor signaling, which
seemed to be critical for protection in females [12].
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Table 1 Characteristics of analyzed individuals with laboratory-positive non-severe and severe COVID-19, Mexico 2020
Overall

Non-severe

Severe

n = 740

n = 533

n = 207

p

Sex
Female

316 (42.7)

257 (48.2)

59 (28.5)

Male

424 (57.3)

276 (51.8)

148 (71.5)

43.7 ± 14.9

40.0 ± 13.0

53.1 ± 15.4

< 0.001

15–29

141 (19.1)

126 (23.6)

15 (7.2)

< 0.001

30–44

281 (38.0)

240 (45.1)

41 (19.8)

Age (years) a

< 0.001

Age group (years)

45–59

210 (28.3)

122 (22.9)

88 (42.6)

≥ 60

108 (14.6)

45 (8.4)

63 (30.4)

No

734 (99.2)

529 (99.2)

205 (99.0)

Yes

6 (0.8)

4 (0.8)

2 (1.0)

No

326 (44.1)

227 (42.6)

99 (47.8)

Yes

414 (55.9)

306 (57.4)

108 (52.2)

372 (89.9)

291 (95.1)

81 (75.0)

Metamizole

11 (2.7)

5 (1.6)

6 (5.6)

Ibuprofen

10 (2.3)

4 (1.3)

6 (5.6)

Other

21 (5.1)

6 (2.0)

15 (13.8)

No

622 (84.1)

440 (82.6)

182 (87.9)

Yes

118 (15.9)

93 (17.4)

25 (12.1)

253 (47.5)

94 (45.4)

Received NAIs (any)
0.769

Received antyperitc drugs (any)
0.198

Antipyretic drug received b
Acetaminophen

< 0.001

Received influenza vaccine c
0.073

Elapsed days from symptoms onset to health-care seeking
<1

347 (46.9)

1–3

182 (24.6)

148 (27.7)

34 (16.4)

4 or above

211 (28.5=

132 (24.8)

79 (38.2)

No

470 (63.5)

470 (88.2)

0 (0)

Yes

270 (36.5)

63 (11.8)

207 (100)

< 0.001

Hospital admission
< 0.001

Acute symptoms profile
Cough (yes)

657 (88.8)

466 (87.4)

191 (92.3)

0.061

Fever (yes)

641 (86.6)

451 (84.6)

190 (91.8)

0.010

Headache (yes)

632 (85.4)

464 (87.1)

168 (81.2)

0.041

Myalgia/Arthralgia (yes)

572 (77.3)

423 (79.4)

149 (72.0)

0.031

Odynophagia (yes)

407 (55.0)

310 (58.2)

97 (46.9)

0.006

Chills (yes)

403 (54.5)

287 (53.8)

116 (56.0)

0.591

Rhinorrhea (yes)

353 (47.7)

276 (51.8)

77 (37.2)

< 0.001

Thoracic pain (yes)

282 (38.1)

171 (32.1)

111 (53.6)

< 0.001

Diarrhea (yes)

137 (18.5)

104 (19.5)

33 (15.9)

0.262

Polypnea (yes)

27 (3.6)

5 (0.9)

22 (10.6)

< 0.001

80 (10.8)

47 (8.9)

32 (15.6)

0.009

Personal history of
Tobacco use (current, yes)
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Table 1 Characteristics of analyzed individuals with laboratory-positive non-severe and severe COVID-19, Mexico 2020 (Continued)

Obesity (BMI 30 or higher) (yes)

Overall

Non-severe

Severe

n = 740

n = 533

n = 207

162 (21.9)

100 (18.8)

61 (29.7)

p
0.001

Arterial hypertension (yes)

148 (20.0)

74 (13.9)

74 (35.6)

< 0.001

Cardiovascular disease (yes)

20 (2.7)

8 (1.5)

12 (5.9)

0.001

Type 2 diabetes mellitus (yes)

108 (14.6)

51 (9.5)

58 (27.8)

< 0.001

Asthma (yes)

33 (4.4)

22 (4.2)

10 (4.9)

0.676

COPD (yes)

27 (3.7)

9 (1.7)

18 (8.8)

< 0.001

Chronic kidney disease (yes)

13 (1.8)

3 (0.6)

10 (4.9)

< 0.001

Immunosuppression (yes)

19 (2.5)

8 (1.5)

10 (4.9)

< 0.001

HIV infection (yes)

5 (0.7)

3 (0.6)

2 (1.0)

0.549

Abbreviations: COVID-19 Coronavirus disease 2019, NAIs Neuraminidase inhibitors, COPD Chronic obstructive pulmonary disease, HIV Human
immunodeficiency virus
Notes: 1) SuperScript™ III Platinum™ One-Step qRT-PCR Kits were used to confirm the COVID-19; 2) The absolute and relative (%) frequencies are presented, unless
otherwise specified. 2) p-value from chi-square o t-tests as corresponding
a
The arithmetic mean ± standard deviation is presented
b
Among 414 subjects (non-severe disease, n = 306; severe disease, n = 108) in whom the use of antipyretic drugs was documented before healthcare seeking
c
During the same influenza season than acute COVID-19 onset

However, the role of sex hormones in the regulation of
innate immune cells in the lung, as a response to viral
respiratory pathogens, is poorly understood [13].
In our study, a positive gradient between age and the
risk of severe illness was observed (per additional year of
age, RR = 1.010, 95% CI 1.007, 95% CI 1.012) in multiple
regression analysis. Aging has been consistently associated with disease severity [14–16] and its determining
factors have not been described but may be related to
viral load. A recently published analysis showed a positive and strong correlation (Spearman’s p = 0.48, 95% CI
0.074–0.75) between older age and RT-qPCR quantified
viral load [17]. Teenagers from our study sample (aged
15–19 years old, n = 5) seemed to have mild symptoms
of SARS-COV-2 infection and all of them presented a
non-severe form of disease.
Patients with previous medical diagnosis of chronic
kidney disease had a 31% increase in the risk of severe COVID-19 (RR = 1.31, 95% CI 1.0–1.64). Interestingly, in our multiple regression study, neither type
2 diabetes mellitus (RR = 1.06, 95% CI 0.96–1.16) nor
arterial hypertension (RR = 1.05, 95% CI 0.97–1.14),
which are leading causes of renal impairment worldwide, were associated with the risk of severe COVID19.
The association of previously diagnosed chronic kidney disease with the severity of COVID-19 was recently
described in a subset of Chinese patients [5] When compared with national estimates (type 2 diabetes mellitus,
10.3%; arterial hypertension, 18.4%) [18], higher prevalence of chronic noncommunicable diseases were observed in the study sample, particularly in participants
with severe manifestations (type 2 diabetes mellitus,
27.8%; arterial hypertension, 35.6%).

Mexico lacks of a national registry of chronic kidney
disease patients and its precise prevalence remains unknown [19]. A previously published study where 3564
randomly selected adults residing in urban areas of
Mexico were analyzed, estimated that the population
prevalence of chronic renal disease (creatinine clearance,
Cockcroft-Gault formula) was 8% (< 60 ml/minute) and
0.1% (< 15 ml/minute) respectively [20].
Thoracic pain was a common acute symptom and it
was registered in medical records from 38.1% of enrolled
subjects. It is a subjective symptom that seemed to be
related to dyspnea, since it was presented by 55.1 and
27.5% of dyspneic and non-dyspneic patients respectively
(p < 0.001).
The pathogenic mechanism of SARS-COV-2 in severe
outcomes, including viral pneumonia, remains unclear;
however, immunological changes seem to be crucial in
the development of severe illness [21]. Increased levels
of proinflammatory cytokines, particularly interleukin 6,
have been described among patients with severe
COVID-19 [22].
Current tobacco use, obesity, and personal history of
chronic obstructive pulmonary disease were only associated with the risk of severe disease in bivariate analysis.
The overall prevalence of tobacco use (current) in the
study sample was similar to the national mean (10.8 and
11.4%, respectively) [18] and it was 37% higher among
severe COVID-19 cases (15.6%). In China, there was a
higher frequency for severe patients to be current
smokers (16.9% vs. 11.8%), however, no association analysis was performed [23].
Obesity is assessed by the analyzed surveillance system
as a dichotomous variable (body mass index (BMI) equal
or higher than 30, no/yes) and the current consensus is
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Table 2 Factors associated with the risk of severe laboratory-confirmed COVID-19, Mexico 2020
Bivariate analysis
RR

Multiple analysis

95% CI

p

RR

< 0.001

1.13

p

95% CI

Sex
Female

1.00

Male

1.18

1.00
1.10

1.25

1.06

1.20

< 0.001

Age (years)
15–29

1.00

1.00

30–44

1.04

0.96

1.13

0.354

1.02

0.94

1.11

0.585

45–59

1.37

1.25

1.49

< 0.001

1.26

1.15

1.38

< 0.001

≥ 60

1.61

1.45

1.79

< 0.001

1.44

1.29

1.60

< 0.001

0.90

1.02

0.198

0.90

1.01

0.136

Received antyperitc drugs (any)
No

1.00

Yes

0.96

1.00
0.96

Elapsed days from symptoms onset to health-care seeking
<1

1.00

1.00

1–3

0.91

0.85

0.99

0.039

0.96

0.89

1.02

0.213

4 or above

1.11

1.02

1.20

< 0.001

1.06

0.99

1.13

0.102

1.03

1.25

0.010

0.98

1.17

0.109

0.89

1.01

0.060

0.88

1.02

0.142

1.10

1.24

< 0.001

0.97

1.17

0.210

0.98

1.13

0.185

0.95

1.31

0.183

Acute symptoms profile
Fever
No

1.00

Yes

1.13

1.00
1.07

Odynophagia
No

1.00

Yes

0.91

1.00
0.85

0.97

0.005

0.85

0.99

0.031

0.95

Myalgia/arthralgia
No

1.00

Yes

0.92

1.00
0.95

Thoracic pain
No

1.00

Yes

1.20

1.00
1.13

1.28

< 0.001

1.16

Personal history of
Tobacco use (ever)
No

1.00

Yes

1.15

1.00
1.04

1.28

0.009

1.05

1.23

0.001

1.06

Obesity (BMI 30 or higher)
No

1.00

Yes

1.14

1.00
1.05

Chronic obstructive pulmonary disease
No
Yes

1.00
1.49

1.00
1.26

1.77

< 0.001

Bivariate analysis
RR

1.12

Multiple analysis

95% CI

p

RR

< 0.001

1.05

p

95% CI

Arterial hypertension
No

1.00

Yes

1.32

1.00
1.22

1.42

0.97

1.14

0.207
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Table 2 Factors associated with the risk of severe laboratory-confirmed COVID-19, Mexico 2020 (Continued)
Bivariate analysis
RR

Multiple analysis
p

95% CI

RR

p

95% CI

Cardiovascular disease
No

1.00

Yes

1.39

1.00
1.14

1.69

0.001

1.09

0.91

1.31

0.372

0.96

1.16

0.239

1.04

1.64

0.020

0.94

1.37

0.180

Type 2 diabetes mellitus
No

1.00

Yes

1.34

1.00
1.23

1.47

< 0.001

1.06

1.29

2.10

< 0.001

1.31

Chronic kidney disease
No

1.00

Yes

1.65

1.00

Immunosuppression
No

1.00

Yes

1.33

1.00
1.08

1.64

0.008

1.14

Abbreviations: COVID-19 Coronavirus disease 2019, RR Risk Ratios estimated through linear regression models, BMI Body mass index
Notes: 1) SuperScript™ III Platinum™ One-Step qRT-PCR Kits were used to confirm the CoViD-19; 2) The definition of severe COVID-19 included laboratory
conclusive evidence of infection and dyspnea and hospital admission; 3) Risk ratios from multiple analysis were adjusted by the variables listed in the table

that morbidly obese individuals (BMI ≥ 40) are at increased risk of severe COVID-19 [24]. Since the patients’
height and usual weight are not collected by the surveillance system, we were unable to compute de BMI and
therefore to estimate the prevalence of severe obesity in
the study sample.
Recently published data suggest the rapid decay of
anti–SARS-CoV-2 immunoglobulin G (IgG) in early
infection [25], and this decay seems to be faster
among asymptomatic patients and those with mild
COVID-19 [26]. These findings may be highly relevant to immunity strategies and other pandemic control strategies.
The potential limitations of our study must be cited.
First, only users from a healthcare institution were enrolled (IMSS) and their characteristics may not be entirely representative of the source population. However,
the profile of its users remains heterogeneous and
SARS-COV-2 testing is provided for free to suspected
COVID-19 cases.
Second, the system that served as a source of data focuses on epidemiological surveillance and clinical data
(i.e. blood oxygen saturation, the ratio of the partial
pressure of arterial oxygen to the fraction of inspired
oxygen (PaO2:FiO2), or lung radiographic reports) are
not systematically collected. Other relevant information,
such as the personal history of malignant tumors, is neither obtained by this system. Most of the collected data
is dichotomous (no/yes) in order to simplify its operation and we were unable to obtain other clinical and
epidemiological data of interest. Besides, we analyzed a
relatively small sample size and this may have an impact
on the significance of multiple regression coefficients.

Only cases occurring prior to March 24 (phase 2) were
enrolled and this allowed us to reduce the risk of bias in
analyzing only severe cases that were more likely to seek
healthcare.
And third, the COVID-19 severity from an undetermined fraction of participants from our study may be
misclassified given that we only used dyspnea requiring
hospital admission to identify it. However, this standalone marker seemed to have an acceptable predictive
value since invasive ventilator support was required in
0.5 and 7.5% of non-severe and severe cases (p < 0.001),
respectively. A fatal outcome was documented in almost
half (49.8%) of analyzed subjects with severe illness (vs.
10.2%; p < 0.001).

Conclusions
The COVID-19 pandemic is a major public health issue
across the world. An effective response of healthcare systems is needed, which must include early identification
of patients who are at increased risk of severe symptoms
and poorer disease outcomes. In our analysis, male gender and kidney disease were independently associated
with an increased risk of severe respiratory illness. To
the best of our knowledge, this is the first study evaluating predictors of COVID-19 severity in a large subset of
the Latin-American population. These results may also
be useful in medical decision making related to the start
of SARS-COV-2 antiviral therapy, when available.
Abbreviations
COVID-19: coronavirus disease 2019; SARS-COV-2: severe acute respiratory
syndrome coronavirus 2; RR: Risk ratio; CI: Confidence interval;
RVSS: Respiratory Viruses Surveillance System; IMSS: Mexican Institute of
Social Security (Spanish acronym); RT-qPCR: quantitative reverse-transcription
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polymerase chain reaction; BMI: Body mass index; IgG: immunoglobulin G;
PaO2: pressure of arterial oxygen; FiO2: fraction of inspired oxygen
10.
Authors’ contributions
EMZ conceived and designed the experiments also wrote the first draft of
the manuscript; XT made data analysis and data collection, MH contributed
with the Methodology and Writing—review and editing; MRS contributed
with revisions and data analysis and OMC performed the experiments,
analyzed the data, and is responsible for the final version of the manuscript,
that has been read and approved by all authors.

11.

12.
Funding
This research received no external funding.
13.
Availability of data and materials
All data generated or analyzed during this study are included in this
published article and its supplementary information files.
Ethics approval and consent to participate
Local IMSS Health Research Ethics Committee, with Approval code: R-2020601-015.

14.

15.

16.

Consent for publication
Not applicable.
Competing interests
None declared under financial, general, and institutional competing interests.
Author details
Departamento de Epidemiología, Unidad de Medicina Familiar, No. 19,
Instituto Mexicano del Seguro Social, Av. Javier Mina 301, Col. Centro,
C.P.28000 Colima, Colima, México. 2Centro Universitario de Investigaciones
Biomédicas, Universidad de Colima, Av. 25 de julio 965, Col. Villas San
Sebastián, C.P. 28045 Colima, México. 3Universidad de Colima - Cátedras
CONACyT, Centro Universitario de Investigaciones Biomédicas, Av. 25 de julio
965, Col. Villas San Sebastián, C.P. 28045 Colima, México. 4Facultad de
Ingeniería Civil, Universidad de Colima, km. 9 carretera Colima-Coquimatlán,
Col. Jardines del Llano, C.P. 28400, Coquimatlán, Colima, México.
1

Received: 19 June 2020 Accepted: 8 September 2020

References
1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu
R, et al. A novel coronavirus from patients with pneumonia in China, 2019.
N Engl J Med. 2020;382(8):727–33.
2. Gobierno de México. COVID-19 en México: Información General. Available
at: https://coronavirus.gob.mx/datos/ (Accessed 14 Aug 2020).
3. Zhang X, Tan Y, Ling Y, Lu G, Liu F, Yi Z, Jia X, Wu M, Shi B, Xu S, et al. Viral
and host factors related to the clinical outcome of COVID-19. Nature. 2020;
583(7816):437–40.
4. Gallo-Marin B, Aghagoli G, Lavine K, Yang Y, Siff EJ, Chiang SS, SalazarMather TP, Dumenco L, Savaria MC, Aung SN et al: Predictors of COVID-19
severity: A literature review. Rev Med Virol 2020, e2146.
5. Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, Li J, Yao Y, Ge S, Xu G.
Kidney disease is associated with in-hospital death of patients with COVID19. Kidney Int. 2020.
6. Instituto Mexicano del Seguro Social. Datos abiertos: Información en Salud.
Dosis, Antiinfluenza, aplicados, delegación. Available at: http://datos.imss.
gob.mx/sites/default/files/istabla38_2018.csv (Accessed 24 Mar 2020).
7. Gobierno de México. Lineamiento estandarizado para la vigilancia
epidemiológica y por laboratorio de COVID-19. Available at: https://www.
gob.mx/cms/uploads/attachment/file/537944/Lineamiento_COVID-19_2020.
02.27.pdf (Accessed 9 Apr 2020).
8. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020.
9. Fernandes-Matano L, Monroy-Munoz IE, Bermudez de Leon M, Leal-Herrera
YA, Palomec-Nava ID, Ruiz-Pacheco JA, Escobedo-Guajardo BL, Marin-Budip
C, Santacruz-Tinoco CE, Gonzalez-Ibarra J et al: Analysis of influenza data

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

generated by four epidemiological surveillance laboratories in Mexico, 20102016. Epidemiol Infect 2019, 147:e183.
Gobierno de México. Comunicado Técnico Diario Nuevo Coronavirus en el
Mundo (COVID-19), 08 de abril de 2020:. Available at: https://www.gob.mx/
cms/uploads/attachment/file/545942/Comunicado_Tecnico_Diario_COVID-1
9_2020.04.08.pdf (Accessed 9 Apr 2020).
Meng Y, Wu P, Lu W, Liu K, Ma K, Huang L, Cai J, Zhang H, Qin Y, Sun H,
et al. Sex-specific clinical characteristics and prognosis of coronavirus
disease-19 infection in Wuhan, China: a retrospective study of 168 severe
patients. PLoS Pathog. 2020;16(4):e1008520.
Channappanavar R, Fett C, Mack M, Ten Eyck PP, Meyerholz DK, Perlman S.
Sex-based differences in susceptibility to severe acute respiratory syndrome
coronavirus infection. J Immunol. 2017;198(10):4046–53.
Kadel S, Kovats S. Sex hormones regulate innate immune cells and promote
sex differences in respiratory virus infection. Front Immunol. 2018;9:1653.
Zhang JJ, Dong X, Cao YY, Yuan YD, Yang YB, Yan YQ, Akdis CA, Gao YD:
Clinical characteristics of 140 patients infected with SARS-CoV-2 in Wuhan,
China. Allergy 2020.
Team CC-R. Severe outcomes among patients with coronavirus disease
2019 (COVID-19) - United States, February 12-march 16, 2020. MMWR Morb
Mortal Wkly Rep. 2020;69(12):343–6.
Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, et al.
Clinical course and risk factors for mortality of adult inpatients with COVID19 in Wuhan, China: a retrospective cohort study. Lancet. 2020;395(10229):
1054–62.
To KK, Tsang OT, Leung WS, Tam AR, Wu TC, Lung DC, Yip CC, Cai JP, Chan
JM, Chik TS, et al. Temporal profiles of viral load in posterior oropharyngeal
saliva samples and serum antibody responses during infection by SARSCoV-2: an observational cohort study. Lancet Infect Dis. 2020.
Instituto Nacional de Estadística, Geografía e Informática - Instituto Nacional
de Salud Pública - Secretería de Salud. Encuesta Nacional de Salud y
Nutrición 2018. Presentación de resultados. Available at: https://ensanut.
insp.mx/encuestas/ensanut2018/doctos/informes/ensanut_2018_
presentacion_resultados.pdf (Accessed 10 Apr 2020).
Espinosa-Cuevas Mde L: [Renal disease]. Gac Med Mex 2016, 152 Suppl 1:90–96.
Amato D, Alvarez-Aguilar C, Castaneda-Limones R, Rodriguez E, Avila-Diaz
M, Arreola F, Gomez A, Ballesteros H, Becerril R, Paniagua R. Prevalence of
chronic kidney disease in an urban Mexican population. Kidney Int Suppl.
2005;97:S11–7.
Lin L, Lu L, Cao W, Li T. Hypothesis for potential pathogenesis of SARS-CoV2 infection-a review of immune changes in patients with viral pneumonia.
Emerg Microbes Infect. 2020;9(1):727–32.
Wan S, Yi Q, Fan S, Lv J, Zhang X, Guo L, Lang C, Xiao Q, Xiao K, Yi Z et al:
Characteristics of lymphocyte subsets and cytokines in peripheral blood of
123 hospitalized patients with 2019 novel coronavirus pneumonia (NCP).
medRxiv 2020:2020.2002.2010.20021832.
Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui
DSC, et al. Clinical characteristics of coronavirus disease 2019 in China. N
Engl J Med. 2020.
Centers for Disease Control and Prevention. Coronavirus Disease 2019.
Groups at Higher Risk for Severe Illness. Available at: https://www.cdc.gov/
coronavirus/2019-ncov/need-extra-precautions/groups-at-higher-risk.html
(Accessed 9 Apr 2020).
Long QX, Tang XJ, Shi QL, Li Q, Deng HJ, Yuan J, Hu JL, Xu W, Zhang Y, Lv
FJ, et al. Clinical and immunological assessment of asymptomatic SARSCoV-2 infections. Nat Med. 2020;26(8):1200–4.
Ibarrondo FJ, Fulcher JA, Goodman-Meza D, Elliott J, Hofmann C, Hausner
MA, Ferbas KG, Tobin NH, Aldrovandi GM, Yang OO. Rapid decay of antiSARS-CoV-2 antibodies in persons with mild Covid-19. N Engl J Med. 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

