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A16974C polymorphism of the IL-12 p40 gene in Cuban patients having 
recovered from COVID-19

Estela Morales Peralta1*, Yaíma Zúñiga Rosales2, Teresa Collazo Mesa2, Elvia Nelemi Santos González2, Yadira Hernández Pérez2, María de los 
Angeles González Torres2, Hilda Roblejo Balbuena2, Beatriz Marcheco Teruel2

Abstract: COVID-19 has had severe consequences worldwide. It has been estimated that the contribution of genetic factors to 
the disease is about 50%. The A16974C polymorphism of the IL-12 p40 gene has been described as being related to resistance 
or susceptibility to other infectious diseases; therefore, it is likely that it can also be related to COVID-19. The objective of 
this study was to describe the relationship between the A16974C polymorphism of the IL12 p40 gene with clinical forms of 
COVID-19 in Cuban patients. The genotypes of the A16974C polymorphism of gene IL-12 p40 were determined through PCR in 
102 persons with a COVID-19 epidemiologic discharge from the hospital. In this research, the CC genotype of this polymorphism 
was found only in symptomatic cases of this disease; since there are signs of relationship between the A16974C polymorphism 
of the IL12 p40 gene with clinical forms of COVID-19 in the studied Cuban patients, the variations of this polymorphism may be 
a predisposing risk factor in the development of COVID-19.
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Introduction
Infectious diseases are produced by the interaction be-

tween the agent's characteristics, the environment and the 
host. Human variations or polymorphisms have been identified 
among the latter, which are related to the clinical course of 
the disease. This occurs with the c.554_585del mutation of 
the CCR5 gene, linked to the resistance to the progression 
of the acquired immunodeficiency syndrome and the c.1521_
1523delCTT of gene CFTR –the cause of cystic fibrosis- that 
confers susceptibility to infection by Pseudomonas aerugino-
sa, to give two examples1.

COVID-19 (the acronym of COronaVIrus Disease and the 
year 2019), produced by the SARS-CoV-2 virus (from severe 
acute respiratory syndrome coronavirus 2), has had severe 
consequences worldwide2.

Studies in twins demonstrated that the concordance of 
the clinical severity of COVID-19 is greater among monozygo-
tic twins, estimating that the contribution of genetic factors to 
this disease is approximately 50 %3. Therefore, there is eviden-
ce that the genetic constitution, with its variations, contributes 
to the predisposition or resistance to this disease4.

In relation to the pathophysiology of COVID-19, a group of 
genes may possibly participate in the risk of contracting the di-
sease or its more severe forms. These include genes coding for 
the virus receptors, those related to inflammation and immune 
response, as well as those involved in clotting and the acute res-

piratory distress syndrome. Those related to inflammation and 
immune response comprise genes coding for pro-inflammatory 
cytokines, including interleukins 1, 6, 12 (IL-1, IL-6, IL-12)1,4.   

Interleukin 12 (IL-12) promotes cell immunity.  It plays an 
essential role in the differentiation of lymphocytes T towards 
the T helper 1 (Th1) pattern and the increase in the cytotoxic 
activity of the Natural Killer (NK) cells against viral infections 
and other intracellular pathogens5. It also participates in the 
induction of an increase in the synthesis and secretion of other 
cytokines, such as IL-1, IL-6, IFN-γ, and TNF-α, producing the 
"cytokine storm"6, which is a sign of a poor prognosis of CO-
VID-19 (Figure 1)7. Therefore, variants of the genes coding for 
the synthesis of the IL-12, such as A16974C polymorphism, 
may also be related to an increase in the susceptibility to 
SARS-CoV-28,9. 

By identifying the genetic variants of the Cuban population 
that have a predisposition to developing COVID-19, and even in 
its most severe clinical forms, we can design prevention stra-
tegies that range from vaccination to therapeutic measures. 
This may help generate a clinical guide for the management 
and advances in genomic medicine applied to COVID-19 ma-
nagement.

The objective of this study was to describe the relations-
hip between the A16974C polymorphism of the IL12 p40 gene 
with clinical forms of COVID-19 in Cuban patients.
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Materials and methods 

Subjects /patients
A sample of 102 patients was randomly taken from all Cu-

ban patients over one year of age, who initially tested positive 
for Sars-CoV-2 by RT-PCR (Reverse transcription-polymerase 
chain reaction) and tested negative twice as of June 11, 2020, 
for SARS-CoV-2 by RT-PCR, in 14 days after being discharged 
from the hospital.

Demographic variables
EDemographic variables included age in years, skin co-

lor (according to the patient's self-perception) and sex. These 
were taken from a survey designed for the project: "Genetic 
risk factors associated to the clinical severity of COVID-19 in 
Cuban patients and their first-degree relatives", in which this 
study was included.

The persons studied were classified according to the clini-
cal forms of the disease (considering whether they had symp-
toms or not) as symptomatic and asymptomatic, respectively.

Molecular studies
The DNA was obtained from 4 mL of peripheral blood co-

llected in a Vacutainer with EDTA (K3E 7.2mg). QIAsymphony 
DNA kits were used following the manufacturer's instruc-
tions10.

To identify the alleles of the A16974C polymorphism, we 
used the polymerase chain reaction (PCR) described by See-

gers et al. We designated alleles A and C from this polymor-
phism, as defined by the above authors9.

The sequences of the primers used were
Forward:        5’-ATT-TGG-AGG-AAA-AGT-GGA-AGA-3’
Reverse:        5’-AAT-TTC-ATG-TCC-TTA-GCC-ATA-3'
The amplifications were made in an MJ Research thermo-

cycler in the following way: primary denaturalization (10 min 
at 94 ºC), followed by 30 cycles of: denaturalization (30 s at 94 
ºC), hybridization (30 s at 65 ºC) and elongation:

30 s at 72 ºC, with the final extension at 72 °C for 10 minutes.
To verify each amplification, we carried out an electropho-

retic run in 2% agarose gel stained with ethidium bromide, with 
a molecular weight marker of 100bp, at a fixed voltage of 250 
V. The amplification was verified when we identified that the 
fragment obtained was 1046 base pairs (bp).

The amplified product was digested with the Taq I restric-
tion enzyme because of its recognition sequence and enzyma-
tic digestions: 
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Figure 1. The immunopathological mechanisms of COVID-CS. SARS-CoV-2 infects the epithelial cells or immune cells, causing 
tissue damage and release of inflammatory cytokines (e.g., IL-1, IL-6, IL-12, and TNFα) by epithelial cells and immune cells. 
These inflammatory cytokines then recruit innate immune cells (monocytes, macrophages, neutrophils, DCs, and NK cells) 
and activate adaptive immune cells (CD4+ T cells and CD8+ T cells) to induce the occurrence of myelopoiesis and emergency 
granulopoiesis, as well as the production of sustained and excessive circulating cytokines.

This procedure was made under the manufacturer's condi-
tions, which recommends the use of 10 µl of the product of the 
PCR, 2 µl (20U) of the Taq I enzyme, 3.5 µl of buffer B, and 19.5 µl 
of H2O. The incubation was performed at 65 °C overnight.
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The processed product was then submitted to a run in 2% 
agarose gel for 30 minutes at 250 V, with a molecular weight 
marker of 100bp. The genotypes related to the polymorphisms 
that were obtained were: an entire fragment of 1046 bp, co-
rresponding to the homozygous genotype for allele A; for the 
homozygous genotype of allele C, we obtained two fragments, 
one of 906 bp and the other of 140 bp, and the three fragments 
(1046, 906 and 140 bp) for the heterozygote.

Processing, analysis, summary and presentation of the 
information:

The data obtained were processed with the IBM SPSS 
Statistics software version 22.0. The absolute and relative fre-
quencies were calculated (percentage).

Bioethical issues
This research was part of the project named "Genetic 

risk factors associated to the clinical severity of COVID-19 in 
Cuban patients and their first-degree relatives", approved by 
the Research Ethics Committee of the National Medical Ge-
netics Center. Throughout its implementation, we supervised 
the compliance to the ethical principles for human medical re-
search, including in the Helsinki Declaration11. All participants 
in this research signed written consent for their participation, 
and in the case of children under 16 years of age, they were 
represented by their parents or tutors.

Results
Demographic characteristics of the patients infected with 

SARS-CoV-2 are shown in table 1; they included age, sex and 

skin color, according to the clinical forms of the malady con-
sidered in this investigation (asymptomatic or symptomatic). 

The average age of the patients was 52 years old (95% CI 
48-55), ranging from 4 to 96 years of age. The mean age was 
more significant in symptomatic patients than asymptoma-
tic patients (55 compared to 39), increasing the proportion of 
symptomatic patients with age. More females were included 
in the study, and they were predominant in both clinical forms. 
The number of individuals with white skin color was more re-
markable in both clinical categories. 

Table 2 shows the number of patients studied according to 
their genotype for the A16974C polymorphism of the IL12p40 
gene and their clinical forms. Genotype CC was not present in 
those showing asymptomatic forms.  

The alleles A and C frequency were 0.75% and 0.25%; 
0.83% and 0.17% for symptomatic and asymptomatic patients, 
respectively.

Discussion
The SARS-CoV-2 infection and the development of clinical 

forms of COVID-19 could be influenced by several factors, of 
which the immunological genotype-phenotype relationship is 
of particular interest. It is essential to identify the persons with 
the highest risks for applying preventive measures so that their 
care can be personalized as much as possible.

It was found that the average age was higher in sympto-
matic cases. Similar results were described in the literature12. 
The factors explaining this finding include the alteration of the 
innate and adaptive immune response with a decreased ca-
pacity for responding specifically to new antigens (immuno-

Table 1. Distribution of the patients infected with SARS-CoV-2 in the study, according to age, sex, and skin color, depends on 
the disease's clinical forms.

A16974C polymorphism of the IL-12 p40 gene in Cuban patients having recovered from COVID-19
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senescence), the trend towards mainly pro-inflammatory res-
ponse (low degree inflammation or "inflamm-aging")13, and the 
increase of the probability of having comorbidities14,15.

This study's comparatively higher incidence of affected 
women may be because it was carried out through home visits 
to recovered patients who had resumed their usual occupa-
tions. For this reason, the voluntary collaboration of women 
was more significant. The highest proportion of the recruited 
individuals was of white skin, agreeing with the results of other 
studies made in the same population16. The proportion obser-
ved for this skin color agrees with the Cuban population cen-
sus of the year 201217.

COVID-19 is related to a series of pathophysiological me-
chanisms mobilizing many biomolecules. In the more severe 
cases, the prognoses may be markedly worsened by the hyper-
production of cytokines (frequently called the cytokine storm), 
leading to vascular damage, the activation of other immune 
response mechanisms and the worsening of clinical results18. 
The cytokines include IL-129, coding for a gene located at 
5q33.3 of which several polymorphisms have been described19. 
The one explored here was identified through the Taq I enzy-
me, and it is found at the untranslatable 3' region of the gene, 
at position 16974, which enables the identification of alleles 
A and C, given by the presence of adenine or cytosine, and co-
rresponding to the absence or presence of the cut at the Taq I 
enzyme. It is considered that allele A is the wild type and that 
C affects the secretion of IL-12 in vitro9. Genotype  CC, and of 
course, allele C, had the lowest frequency in all populations, 
including the normal Cuban population20, and it has been asso-
ciated with the predisposition to several diseases21. In fact, this 
genotype was not found in the asymptomatic cases included 
in this study. These results could prove that the clinical form 
may be related to the genotypes studied. The variants evalua-
ted here can be used for prognosis purposes, including those 
related to a higher probability of presenting complications or 
more severe clinical conditions. This can be important in the 
personalized care of the patients, and above all, in terms of 
disease prevention.

All results observed can be explained by the small sam-
ple size of this study, which was a significant limitation of this 
research; the results of this type of research are applicable to 
the population where it was carried out.  

Studies, such as the one shown here will help identify the 
genetic variants or polymorphisms related to diseases that do 
not show Mendelian inheritance, including infectious disea-
ses22. More in-depth studies on this topic are required in the 
future.

Conclusions
Since there are signs of relationship between the A16974C 

polymorphism of the IL12 p40 gene with clinical forms of CO-
VID-19 in the studied Cuban patients, the variations of this 
polymorphism may be a predisposing risk factor in the deve-
lopment of COVID-19.
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