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A B S T R A C T   

Background: The first case of SARS-CoV-2 in Mexico was reported in February 2020, since then, high rates of 
mortality due to COVID-19 have been found. Cytokine storm is linked to the severity and decreasing the survival 
among infected patients by COVID-19. The serum levels of Interleukin 6 (IL-6) have been correlated to mortality 
in COVID-19 cases and could be used as indicator of mortality in COVID-19 cases. The aim of this study was to 
determine levels of IL-6 and assess its usefulness as indicator of mortality among COVID-19 patients from Mexico. 
Methods: A cohort study among 38 adults (28 men, 10 women) was carried out in the Regional High Specialty 
Hospital of the Yucatan Peninsula in Merida, Yucatan, Mexico. Demographic and clinical biochemistry data were 
collected. The serum levels of IL-6 were measured in each patient by specific immunoassays. 
Results: High frequency of mortality (36.84%) was found in the sample. The average age of individuals that non- 
survive was significantly higher (59.71 ± 13.83 years) than the survival group (43.29 ± 11.80 years). Serum 
levels of IL-6 were significantly higher in patients that did not survive. A correlation between IL-6 levels with 
lymphocyte count, LDH, CRP and procaciltonin was found. The optimal cutoff value of IL-6 was 30.95 pg/mL 
with high sensitivity and specificity. 
Conclusion: Our findings demonstrate that level of IL-6 is an indicator of mortality among hospitalized COVID-19 
patients in Mexico.   

1. Introduction 

The dissemination of SARS-CoV-2 is still increasing across the world 
and Mexico is one of the most affected countries [1]. The first case of 
COVID-19 in Mexico was reported in February 2020 [2] since then, the 
number of deaths due to COVID-19 have been found high in Mexican 
patients [3]. Remarkably, the prevalence of comorbidities as obesity, 
diabetes and hypertension is observed in a large proportion of adults in 
Mexico [4]. According with scientific reports, pre-existing comorbidities 
in infected patients with SARS-CoV-2 might result in the clinical wors-
ening of the disease’ outcome [5]. Available studies performed among 
Mexican individuals on the mortality risk factors are limited. However, 
evidence shows that neutrophil-to-lymphocyte ratio (NLR), lactate de-
hydrogenase (LDH), albumin and invasive mechanical ventilation (IMV) 
are some of the risk factors for mortality in Mexican patients with 
COVID-19 [3]. 

Cytokine storm has been described as an excessive response to an 
external stimuli [6] that leads to an elevation of the level of inflamma-
tory mediators [7]. This condition is linked to the severity of COVID-19 
and decreased survival in patients infected by SARS-CoV-2 [8]. Among 
several pro-inflammatory biomarkers, the serum levels of Interleukin 6 
(IL-6) were correlated to fatality [9,10]. Accumulating evidence in-
dicates that targeting the IL-6 mechanism may result in the regulation of 
the inflammatory levels, therefore it could be used as a therapeutic 
alternative for those patients [11]. Most studies that identify levels of IL- 
6 in COVID-19 cases in severe and in non-survivors are carried out China 
[12,13]. Evidence related to IL-6 levels in infected patients with SARS- 
CoV-2 is not available among Mexican population. Therefore, we hy-
pothesize that the COVID-19 cases have a similar association between 
mortality and IL-6 serum levels. 

Accurate data regarding clinical worsening that results in death is 
crucial for timely interventions aimed to reduce mortality. Against this 
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background, the aim of the present study was to determine levels of IL-6 
and assess its usefulness as indicator of mortality among COVID-19 
patients from Mexico. 

2. Methods 

2.1. Study design 

The present study was carried out between April and May 2020. A 
total of 126 individuals attended in the COVID specialty unit at the 
Regional High Specialty Hospital (HRAEPY in the Spanish acronym) in 
Merida, Yucatan, localized in the southeast of Mexico. A sample of 38 
hospitalized patients (28 men and 10 women) admitted at the COVID 
unit with SARS-CoV-2 infection confirmed by PCR, aged between 21 and 
73 years were selected for this study. Hospitalized patients with COVID- 
19 were divided into severe or critical (patients that required mechan-
ical ventilation, sedation and prolonged bed rest) [14]. The study was 
approved by the Ethics Committee of the HRAEPY (No. CONBIOETICA- 
31-CEI-002-20170731) in connection with a research project (Identifi-
cation code: 2020-010). 

2.2. General data population, blood sample collection and cytokine assay 

Demographic and clinical biochemistry data were collected 
following standard protocol during the 72 h after the hospital admission 
into the COVID unit. Biochemical parameters were determined in a pre- 
validated equipment (autoanalyzer COBAS® Integra 400 Plus, Roche 
Diagnostics). Briefly, blood samples were individually collected into 
pyrogen-free tubes (Vacutainer; BD Diagnostics) at room temperature. 
Serum was obtained by centrifugation of collection tubes at 3500 rpm 
for 10 min and stored at − 20 ◦C until use. Serum levels of IL-6 were 
determined in duplicate by an enzyme-linked immunosorbent assay 
(ELISA) (Human IL-6 ELISA kit #BMS213-2, Bender MedSystems, 
Vienna, Austria), according to the instructions of the manufacturers. 
Raw data were analyzed with GraphPad Prism software. 

2.3. Statistics 

Statistical analyses were performed using SPSS statistical software 
(version 15.00) and the statistical package Jamovi (Version 1.2). Based 
on the status, the patients were assigned to either survival or non- 
survival group. Analysis were done taking the entire sample of men 
(n = 28) and women (n = 10). For categorical variables, absolute and 
relative frequencies by status were tabulated. The distribution of 
continuous variables was tested following the principal of the Shapiro- 
Wilk test (p < 0.05). Continuous variables between groups were 
compared using the student’s t-test or the Mann-Whitney U test. Cor-
relation analyses were performed by non-parametric Spearman test. The 
survival analysis was assessed using Kaplan-Meier survival function 
curve to test the statistical significance between the individuals who had 
a high level of cytokines and the subjects who had a low level of cyto-
kines at 50% and 75% cutoff. A significance of 0.05 was considered with 
no correction for p-values. 

3. Results 

Mortality in the sample (n = 38) of patients infected by SARS-CoV-2 
was remarkable (37%); three women (21%) and 11 (89%) men died due 
to COVID-19 complications. Seven (50%) patients died within 1–9 days 
of their first day of hospitalization; six (43%) within 10–19 days and one 
(7%) within 20–25 days. Fifteen individuals (39%) required mechanical 
ventilation and sedation, but only two patients from the survivor group 
were reported. Table 1 shows the baseline characteristics of COVID-19 
patients by status. The average age of individuals that non-survive was 
significantly higher (59.71 ± 13.83 years) than the survival group 
(43.29 ± 11.80 years) (p = 0.001). Among the patients, the most 

common comorbidities were diabetes and hypertension (34%), and 
overweight or obesity (42.10%). Also, three individuals (8%) were 
living with human immunodeficiency virus (HIV) and under antiretro-
viral treatment. Shortness of breath was the most frequent symptom in 
the population (97%). Percentage values of COVID-19 patients that did 
not survive were higher (except having arthralgia and chest pain) in 
comparison with peers that survived. 

Table 2 describes the biochemical parameters of COVID-19 patients 
classified by status (24 survivors, 14 non-survivors). Interestingly, we 
observed significant differences in serum levels of leukocyte, neutrophil, 
lymphocyte, levels of LDH, procalcitonin and CRP between the groups; 

Table 1 
Baseline characteristics of COVID-19 patients classified by status.  

Characteristics Survivor (n = 24) 
n (%) 

Non-survivor (n = 14) 
n (%) 

p-value 

Age (y), Mean ± SD 43.29 ± 11.80 59.71 ± 13.83 <0.001*** 
Male, 17 (70.83) 11 (78.57) 0.601  

Symptoms    
Fever 21 (87.50) 14 (100) 0.168 
Chills 4 (16.66) 4 (28.57) 0.385 
Myalgia 13 (54.16) 8 (57.14) 0.859 
Cough 22 (91.66) 13 (92.85) 0.731 
Headache 11 (45.83) 7 (50.00) 0.804 
Shortness of breath 24 (100) 13 (92.85) 0.185 
Arthralgia 11 (45.83) 5 (35.71) 0.542 
Chest pain 15 (69.50) 4 (28.57) 0.044  

Comorbidities    
Diabetes 8 (33.33) 5 (35.71) 0.837 
Hypertension 8 (33.33) 7 (50.00) 0.502 
Obesity 10 (41.66) 6 (42.85) 0.788 
HIV 2 (8.33) 1 (7.14) 0.622 

Dependent variable: Non-survivor (yes = 1, no = 0); SD: standard deviation. 
HIV: Human Immunodeficiency Virus. p-Values *** < 0.001. 

Table 2 
Biochemical parameters of COVID-19 patients classified by status.  

Parameter Survivor (n =
24) 
Mean (SD) 

Non-survivor (n =
14) 
Mean (SD) 

p-value 

Leukocyte count (109 cells/ 
L) 

9.52 (4.03) 15.60 (5.26)  <0.001*** 

Neutrophil count (109 

cells/L) 
7.41 (3.93) 14.18 (5.46)  <0.001*** 

Lymphocyte count (109 

cells/L) 
1.30 (0.67) 0.80 (0.23)  0.012** 

Hemoglobin (gr/dL) 12.64 (1.98) 12.96 (1.83)  0.627 
Platelet count (109 cells/L) 376.08 

(318.77) 
348.92 (115.06)  0.586 

Fibrinogen (mg/dL) 697.79 
(235.22) 

763.00 (167.01)  0.369 

D-dimer (ng/L) 1.75 (4.90) 3.19 (5.50)  0.072 
Potassium (mmol/L) 3.93 (0.48) 4.18 (0.54)  0.150 
ALT (U/L) 49.73 (34.25) 40.21 (20.22)  0.661 
AST (U/L) 51.36 (41.32) 49.07 (29.37)  0.783 
GGT (U/L) 166.39 

(161.57) 
152.35 (151.75)  0.639 

LDH (U/L) 716.66 
(337.01) 

996.50 (278.75)  <0.001*** 

Creatinine (mg/dL) 0.76 (0.15) 0.87 (0.27)  0.120 
Urea (mg/dL) 26.10 (12.01) 45.12 (21.82)  0.001*** 
Uric acid (mg/dL) 3.82 (1.30) 4.38 (1.62)  0.249 
Procalcitonin (ng/mL) 0.81 (2.66) 1.27 (2.32)  0.016** 
CRP (mg/L) 155.57 

(100.94) 
268.96 (118.89)  0.008** 

Ferritin (ug/L) 1.53 (2.24) 1.34 (0.66)  0.767 
IL-6 (pg/mL) 20.69 (18.73) 71.69 (58.61)  <0.001*** 

Dependent variable: Non-survivor (yes = 1, no = 0); SD: standard deviation. 
ALT: Alanine aminotransferase; AST: Aspartate transaminase; GGT: Gamma- 
glutamil transferase; LDH: Lactate dehydrogenase; CRP: C-reactive protein, IL- 
6: Interleukin 6. p-Values ** < 0.01; *** < 0.001. 
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leukocyte and neutrophil counts were higher in non-survivors (p <
0.001). Lymphopenia (lymphocyte count < 0.8 × 109/L) was developed 
in 6 (43%) patients that died and only 4 (17%) that survived (p = 0.012). 
In addition, serum levels of LDH, procalcitonin and CRP were higher in 
cases that did not survive, suggesting an increased level of systemic 
inflammation among these patients (see Table 3). 

Serum levels of IL-6 were significantly higher in the non-survivors 
group, with a median of 45.60 pg/mL compared to the median of 10 
pg/mL from survivors (Supplementary Table 1). Using a cox model for 
overall survival indicated that the likelihood estimates of death were 
associated with age (HR, 1.07, 95% CI, 1.03–1.12, p = 0.001) and an 
increased levels of IL-6 (HR, 1.01, 95% CI, 1.00–1.02, p = 0.011). 
Suggesting that for every year that increased the probability of mortality 
increased 7%, and for each 100 units of pg/mL increased 10% the 
probability of dying. 

A cutoff value of 30.95 pg/mL with a sensitivity of 78.6% and 
specificity of 79.2% with a Youden Index of 0.57. The probability of 
death given an IL-6 level was calculated using survival analyses, using 
50% and 75% cutoff. Half of the individuals who were above the 50% 
percentile in IL-6 levels died within 21 days (OR, 7.33, 95% CI, 
1.58–33.96) (Fig. 1). Half of the individuals who were above the 75% 
percentile in IL-6 levels died within 18 days (OR, 7.00, 95% CI, 
1.41–34.6) (Fig. 2) (see Fig. 3). 

The IL-6 serum levels showed an increasing correlation with LDH (r 
= 0.409, p = 0.005), procalcitonin (r = 0.461, p = 0.002) and CRP (r =
0.299, p = 0.034). An inverse correlation with lymphocyte count (r =
− 0.384, p = 0.009), meaning levels of IL-6 significantly decreases as 
lymphocyte count increases. 

4. Discussion 

Results from this study showed that levels of IL-6 can predict survival 
among the Mexican population with COVID-19. The findings are in line 
with previous studies, that postulates the serum level of IL-6 as an in-
dicator of severity and mortality due to SARS-CoV-2 infection [8]. 
Furthermore, using IL-6 levels in the first 72 h following hospital 
admission predicted mortality in patients with COVID-19. Although, 
mortality (37%) was found to be high in the population evaluated, the 
comorbidities as obesity, hypertension and diabetes were not significant 
between groups. However, the non-survivors group was significantly 
older than the survivor group. 

Mortality rates vary among countries, this disparity may be due to 
different epidemiological features and/or accessibility to the health care 
services. According to data from Johns Hopkins Institute, Mexico is 
ranked on the top of the most affected countries by confirmed COVID-19 
fatalities with 8.7% (observed case-fatality ratio) and 134,530 deaths 
per 100,000 population (as of November 30, 2020) [15]. Several factors 
contributed to the high rates of mortality in Mexico such as lowest 
testing rate for COVID-19 cases [16] delay in patients’ admission at 
health services for medical treatment [17] and the high prevalence of 
comorbidities namely obesity, hypertension and diabetes in Mexican 
adult population [5]. 

High level of cytokines is reported in several diseases including viral 
infections, as dengue [18] HIV [15] and influenza [19] and also chronic 
diseases as aging [20] cancer [21] and others. Especially, high levels of 

IL-6 are correlated to mortality among older men [20]. Cytokine storm 
in COVID-19 cases has been reported at the beginning of the pandemic 
[22]. However, until now the results are not entirely clear. A retro-
spective study from Zhou F, et al. [22] showed that the IL-6 was clearly 
elevated in non-survivors. In addition, Han, et al. [12] concluded that 
values of IL-10 and IL-6 can be utilized to predict the severity of COVID- 
19 cases. There are no reports on the Mexican population regarding the 
link between the serum level of cytokines and mortality in infected 
patients by SARS-CoV-2. However, previous analysis obtained in our 
laboratory showed that the mean values of IL-6 serum levels were higher 
in COVID-19 patients (39.5 ± 45.2 pg/mL) in comparison with healthy 
individuals (1.78 ± 10.60 pg/mL) (unpublished data). A study by M. 
Mandel, et al. [10] reported that 15% and 25% of patients with high IL-6 
levels (above the 50th and 75th percentiles), will die on day 5. Results 
from our study showed that half of the individuals who were above the 
50% percentile in IL-6 levels would die within 21 days and half of the 
individuals who were above the 75% percentile would die within 18 
days. 

The analysis in this study showed that being older and having high 
levels IL-6 in serum were associated with non-survivals, but comorbid-
ities as diabetes, obesity or hypertension did not contribute to mortality 
prediction. In contrast with Bello-Chavolla, et al. [5] that reported that 
diabetes and obesity are risk factors for lethality among Mexican pa-
tients with COVID-19. This could be due to our small sample size. 
However, regardless of the geographic region, higher mortality and 
morbidity have been associated with an increased age [23]. 

In the study sample, the cutoff value of IL-6 was 30.95 pg/mL with 

Table 3 
Maximum likelihood for mortality prediction.  

Parameter Hazard Ratio 95% Confidence Interval p-value 

Age, years  1.07 [1.03, 1.12]  0.001*** 
Male gender  0.85 [0.235, 3.106]  0.810 
IL-6  1.01 [1.003, 1.020]  0.011** 
Diabetes  1.11 [0.364, 3.444]  0.844 
Hypertension  1.84 [0.618, 5.514]  0.272 

IL-6: Interleukin 6. p-Values ** < 0.01; *** < 0.001. 

Fig. 1. Kaplan–Meier curve according to IL-6 levels above the 50th percentile 
in COVID-19 patients. The cumulative mortality at a time to event (Non-sur-
vivor or survivor). 

Fig. 2. Kaplan–Meier curve according to IL-6 levels above the 75th percentile 
in COVID-19 patients. The cumulative mortality at a time to event (Non-sur-
vivor or survivor). 
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high sensitivity and specificity. It was similar to reported by Zhang J, 
et al. [13] that showed a cutoff value of 37.65 pg/mL for IL-6 level 
among 901 patients in China. Different cutoff values were obtained 
among different populations. In a cohort of 77 patients in Italy reported 
a cutoff value of 25 pg/mL of serum IL-6 and linked to a risk factor of 
progression for severe and mortality by COVID-19 [24]. In another 
cohort of 40 patients in Munich, showed higher cutoff values for IL-6 
(>80 pg/mL) and associated with the need of mechanical ventilation 
[25]. Therefore, the increased serum levels of IL-6 during infection by 
SARS-CoV-2 may alert and help in the clinical decision support for 
treatment interventions [26]. Consequently, COVID-19 patients in 
Mexico could benefit of the use of IL-6 inhibitors in order to reduce the 
risk of mortality [27]. 

Clinical studies and case reports established differences in clinical, 
immunological, molecular and pathologic characteristics in COVID-19 
cases. Several reports described some markers for predicting clinical 
worsening [28] and risk factors for mortality [29] in patients infected by 
SARS-CoV-2, as a lymphopenia and high levels of CRP [30] LDH [31] 
and procalcitonin [32]. Similar results were reported in our study, by 
comparing survivors and non-survivor groups, we found lower levels of 
lymphocyte count and higher levels of CRP, LDH and procalcitonin in 

non-survivors. Normally, these markers are found with normal levels on 
hospital admission or in other viral infections [33,34], but in patients 
with COVID-19 abnormal levels are found (Supplementary Table 2). 

Additionally, we found a correlation between serum level of IL-6 
with CRP, LDH and procaciltonin, and inverse correlation with the 
lymphocyte count. This suggests that IL-6 levels may by influence by 
systemic values of these features. However, our work is only an asso-
ciative study and additional research is needed to clarify the dynamics 
through which IL-6 would be able to inhibit the lymphocyte count and 
the increased levels of CRP, LDH and procaciltonin in individuals 
infected by SARS-CoV-2. 

The present work has some limitations as the small number of pa-
tients compared to others studies performed among individuals in China 
and also lack of data on healthy patients as control group. However, the 
data presented in this work was collected during the beginning of the 
pandemic in Mexico, therefore number of patients seen at the hospital 
were very limited. 

5. Conclusion 

Together, elevated levels of IL-6 may be an important indicator of 

Fig. 3. Statistical correlations of IL-6 with parameters related to (A) leucocyte count, (B) Neutrophil count, (C) Lymphocyte count; (D) Lactate dehydrogenase; (E) 
Procalcitonin; (F) C-reactive protein. 
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mortality and deterioration of patients affected by COVID-19 in Mexico. 
A strong correlation was found between serum IL-6 levels and mortality 
in COVID-19 hospitalized patients. The mechanism in which IL-6 is 
released and how interacts with others inflammatory mediators in pa-
tients infected by SARS-CoV-2 needs further research. Up to the present, 
there is not a biomarker that is sensitive or specific enough to elucidate a 
diagnosis, stratification or mortality of COVID-19. Therefore, as more 
studies are available, biomarkers may emerge than can differentiated 
between patients at high risk of severe and mortality of COVID-19. 
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curation, Investigation, Resources, Validation, Writing - original draft. 

Appendix A. Supplementary material 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.cyto.2021.155543. 

References 

[1] Salud, Información Internacional y Nacional sobre nuevo Coronavirus (COVID- 
2019). https://www.gob.mx/salud/documentos/informacion-internacional-y-n 
acional-sobre-nuevo-coronavirus-2019-ncov. 
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