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T  he international race to find a preventive vaccine and 
effective treatments against COVID 19 has been in-
fluenced by two fundamental factors. Firstly, by the 
molecular characterization of the causative virus and 

the pathology it produces, and secondly, by access to this in-
formation, mostly free of charge by the international scientific 
community causing a synergy to obtain results in such a short 
time.

Several vaccines preparations against Covid19 have ente-
red Phase 3 clinical trials. Although it is uncertain the degree 
of protection that they will achieve, preliminary data from Pha-
se 1 and 2 trials and studies in animals indicate that they trig-
ger an antiviral immune response without serious side effects. 
The current formulations include viral vectors, RNA vaccines, 
inactivated viruses, and recombinant proteins particles. They 
all have advantages and disadvantages, but only the results of 
Phase 3 clinical trials will ultimately decide the best candida-
tes for vaccination campaigns.

The tremendous impact of the SARS-CoV-2 in our society 
has triggered an unprecedented effort to find a vaccine to con-
trol the pandemic. Billions of dollars have already been inves-
ted in multiple vaccination schemes. According to the WHO, 
more than 170 vaccines were in different phases of develop-
ment in August 2020. Here is a summary of the advantages 
and disadvantages of the front runner strategies categorized 
according to their delivery method (Figure 1).

Viral Vectors
Several vaccines against SARS-CoV-2 take advantage of 

viral vectors to express the viral proteins in the host. These 
vectors mimic a natural viral infection leading to the presenta-
tion of viral antigens to the immune system. Vectors based on 
human adenovirus were used before to make a vaccine against 
Ebola with excellent results and were the first to be used to 
make a vaccine against Coronavirus. The main disadvantage of 
these vectors is the presence of antibodies against adenovirus 
in the human population1. Also, after the first shot, patients will 
make antibodies against the viral vector making it very difficult 
to make a booster, second shot. The most widely used adeno-
virus vector comes from the strain Ad5. The CanSino/China 
vaccine is based on Ad5 expressing the full-length spike gene2. 
One potential problem with Ad5 is that it is a widespread strain 
and most people have antibodies against it1.To circumvent this 
problem, the Gamaleya Research Institute in Russia designed 
a vaccine based on two adenoviruses. The first is Ad26, which 
is relatively rare, and the second is Ad5. The use of two vectors 
facilitates the administration of the booster shot, but still, the 
use of Ad5 may reduce its efficacy. This vaccine, called Sputnik 
V, also showed immunogenicity and short term safety in phase 
I/II trials published recently in the Lancet online. The University 
of Oxford partnered with AstraZeneca to make a vaccine using 
an adenovirus from chimpanzees, which is not recognized by 

The race for a coronavirus vaccine
Gerardo Ferbeyre1, Nelson Santiago Vispo2 DOI. 10.21931/RB/2020.05.04.1

EDITORIAL

Figure 1. Different design strategies for new vaccine candidates based on nucleic acids, Adenovirus viral vectors, inactivated 
COVID virus or peptide sequences.

Gerardo Ferbeyre, Nelson Santiago Vispo
Volumen 5 / Número 4     •     http://www.revistabionatura.com

1 Université de Montréal, Faculté de médicine, Département de biochimie et médecine moléculaire, Montréal, Canada. 
2 Universidad Yachay Tech, Imbabura, Ecuador. 
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human anti-adenovirus antibodies. This was the first vaccine 
that reported successful safety and immunogenicity data back 
in July 20203. The main disadvantage of this vaccine is that it 
is based on only one adenovirus. Antibodies developed against 
this vector will reduce the efficacy of a second shot.

RNA Vaccines
RNA vaccines have been experimentally tested in animals 

with success for many years but never approved for use in hu-
mans. These vaccines express antigens in host cells transient-
ly mimicking a natural viral infection4,5. The Covid19 pandemic 
provided an opportunity for several companies to develop this 
innovative vaccination technology. Moderna tested their RNA 
vaccine mRNA-1273 encoding for the SARS-CoV-2 spike pro-
tein in a phase 1 trial documenting a good immunogenicity and 
safety profiles6. The German company BioNtech has partnered 
with Pfizer to perform Phase 3 clinical trials with their mRNA 
vaccine BNT162b2, which also encodes for the spike protein. 
They reported good immunogenicity both in young and older 
patients, and it is the first vaccine to demonstrate that they 
could protect the population at higher risk7. CureVac is also de-
veloping mRNA vaccines5, and they have one against Covid-19 
in Phase I trials. One potential difficulty with RNA vaccines is 
that they require freezing at shallow temperatures to keep the 
RNA-lipid emulsion homogenous.

Inactivated Virus Vaccines
The anti-polio vaccine, widely used all over the world, is an 

inactivated virus8. This strategy was followed by SinoPharm in 
China, reporting a low rate of adverse effects and good immu-
nogenicity with their SinoVac inactivated virus9. However, in a 
recent interview published in Science, Moncef Saloui, head of 
Operation Warp Speed, considered that this strategy is not a 
good idea10. Inactivated viruses may enhance the disease as 
reported for the inactivated respiratory syncytial virus vacci-
ne. Also, there are safety concerns associated with producing 
high amounts of inactivated viruses. A single nucleotide chan-
ge that arose during the preparation of the inactivated polio 
vaccine increased the neurovirulence of this vaccine8.

Recombinant protein and Virus-Like Particles
Recombinant proteins are poorly immunogenic, and 

when given alone, they require the use of adjuvants to elicit 
a long-lasting immune response11. The formation of virus-like 
particles (VLP) can increase the immunogenicity of recombi-
nant proteins. VLP has been used before to create vaccines 
against HPV and Hepatitis B. The HPV vaccine is prepared 
from purified HPV L1 protein that self assembles to form the 
VLP capable of triggering a protective immune response12. The 
Hepatitis B vaccine is prepared from recombinant HBsAg (He-
patitis B surface Antigen) produced in yeast13,14. The Quebec 
company Medicago has optimized the production of VLP from 
influenza haemagglutinin trimers in plants15, and they are now 
making Coronavirus Like particles using this technology to 
initiate Phase 2/3 trials in October. These particles need ad-
juvants that Medicago will add to their formulation using te-
chnologies from GSK and Dynavax. The company Novavax, re-
ported a very successful phase 1-2 trial with the recombinant 
SARS-CoV-2 vaccine. Their vaccine is based on recombinant 
spike glycoproteins expressed in insect cells from a baculo-
virus vector with matrix M1, a saponin based adjuvant16. One 
advantage of this formulation is that it can be stored at 2-8oC.

On August 18, the Cuban Ministry of Public Health an-
nounced that the Finlay Vaccine Institute in Havana began a 

clinical trial of a vaccine for Covid-19. The vaccine, called So-
berana 1, contains a part of the spike protein, called RBD, along 
with the meningococcal outer membrane vesicle system and 
alumina; the basis of VA-MENGOC, BC meningococcal vacci-
ne17.This institution has widely studied the vesicle of the outer 
membrane of the meningococcal bacteria for many years as 
an enhancer of the innate immune response, and in fact, it has 
been studied as one of the pre-existing Cuban drugs in the fight 
against COVID-19 since the beginning of the pandemic18.

Concluding remarks
Many more vaccine candidates are at the initial stages of 

the investigation, but we should know the real potential and 
challenges of making a coronavirus vaccine from the results 
we will get with these initial candidates. All phase II trials 
demonstrated the presence of neutralizing antibodies in the 
blood of vaccinated patients, but it is not known whether these 
antibodies correlate with protection. There have been several 
anecdotal reports that people can be reinfected with SARS-
CoV-2, but the frequency of these events is still unknown. If 
reinfections are common, we may need to re-vaccinate the 
population as long as the virus remains circulating. Therefo-
re the use of viral vectors may be compromised for frequent 
administration. Only one vaccine (BNT162b2) has shown good 
immunogenicity in old patients that are at high risk of both 
acquiring and dying from Covid-19. However, this only means 
that BioNtech/Pfizer tested this population in their Phase 2 
trials, and data from other vaccine candidates are not yet avai-
lable. Although adenovirus-based vaccines are now among the 
front runners, we cannot discard mRNA vaccines that can be 
used without the risk of inactivation. For similar reasons, other 
vaccines now in Phase 1-2 trials should be considered in the 
future.

All vaccines tested in Phase 1-2 trials have shown so far 
to have a good safety profile. If the results of Phase 3 trials 
that have enrolled thousands of patients confirm this trend, 
there is no reason to refuse vaccination for fear or political re-
asons. Even the low-risk population should be vaccinated to 
avoid passing the virus to high-risk populations. Nevertheless, 
the final word on both efficacy and toxicity is up to Phase 3 cli-
nical trials that should be completed at the end of the year. It is 
remarkable that the Covid19 pandemic has shortened the time 
to develop a vaccine, which traditionally has taken as long as 
ten years. This is due in part to previous knowledge of another 
coronavirus (SARS) that identified the spike protein as a target 
for vaccine development19,20. We are lucky that we have many 
candidate vaccines in the pipeline. It is hard to believe that 
they will all fail and will not confer any degree of protection. 
In fact, although many vaccine trials fail, once they make it to 
phase 3 trials, they have an 85% chance of success. The CDC 
reports that the flu vaccines are regularly under 50% effective, 
but the influenza virus is known to mutate every season. Al-
though there is evidence of mutations in SARS-CoV-2, we still 
do not know the magnitude of this phenomenon and whether 
these mutants are actually resistant to the previous immuni-
ty. Covid-19 has put science and health care systems to the 
test. It is clear that a rapid response was only possible due to 
advances in molecular biology and medical sciences. Further 
investment in basic research is the only way to be ready for 
future challenges.

The race for a coronavirus vaccine
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Desde que los primeros casos de la infección con el co-
ronavirus del síndrome Respiratorio agudo severo por coro-
navirus 2 (SARS-CoV-2) fueron descritos en Wuhan, provincia 
de Hubei en China, comenzó una carrera contra reloj por la 
búsqueda de un tratamiento efectivo, que pueda disminuir la 
carga de morbimortalidad ocasionada por la enfermedad por 
coronavirus 2019 (COVID-19). Muchos estudios fueron plan-
teados para probar la conveniencia de múltiples drogas, tanto 
conocidas, como otras de reciente fabricación1,2.

Uno de los hitos más importantes en este contexto fue el 
anuncio del estudio “Solidarity” por parte de la Organización 
Mundial de la Salud (OMS), el cual se llevaría a cabo en algu-
nos países de Europa. Debido a la importancia de este estudio 
muchos países que no fueron inicialmente considerados, fue-
ron sumándose en el resto del mundo. El objetivo de este es-
tudio era valorar distintos tratamientos propuestos y utilizados 
contra el COVID-19. Del mismo modo la Universidad de Oxford 
y los sistemas de salud del Reino Unido dieron inicio al estu-
dio RECOVERY (Randomized Evaluation of COVid-19 Therapy) 
también con varios tratamientos a ser probados.

Sin embargo, la OMS el 17 de junio del 2020 para su estu-
dio “Solidarity” y los investigadores del estudio “Recovery” el 4 
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de junio decidieron suspender definitivamente de ambos estu-
dios el grupo compuesto por Hidroxicloroquina3,4. Esto basado 
en los hallazgos de que el medicamento en mención no ofrecía 
ningún beneficio clínico y más bien presentaba un aumento de 
los riesgos cardiovasculares, reportados por múltiples estu-
dios observacionales y algunos ensayos clínicos aleatorizados 
(ECA)5.

A la luz de la evidencia actual (Julio 20, 2020) la deci-
sión que han tomado los investigadores de ambos estudios al 
suspender el grupo de tratamiento con Hidroxicloroquina ha 
sido la mejor opción. Sin embargo, existen aún esquemas en 
evaluación por el estudio “Solidarity”, que deberían también 
valorarse bajo la evidencia disponible.

Se debe considerar que adicionalmente a la hidroxicloro-
quina tendría que suspenderse otra terapia también en evalua-
ción como es el caso del lopinavir/ritonavir, que en un ensayo 
aleatorizado no logró demostrar beneficios clínicos cuando se 
le comparó con los cuidados habituales que recibieron pacien-
tes con COVID-196 y que adicionalmente fue inferior a la tera-
pia triple lopinavir/ritonavir más Interferón beta-1b más riba-
virina en cuanto a la reducción del tiempo de eliminación viral, 
rapidez de alivio de síntomas y estancia hospitalaria7.

Estudios “Solidaridad” a la medida de Latinoamérica
"Solidarity" studies tailored to Latin America
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Figura 1. El conocimiento del covid-19 requiere de estudios acorde a latinoamerica.
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Actualmente la información científica crece a una veloci-
dad acelerada, resultado de los ECA realizados en pacientes 
con COVID-19, como el caso del beneficio clínico observado 
por el uso de dosis bajas de dexametasona gracias al estudio 
“Recovery”. Es importante realizar seguimientos de los ensa-
yos clínicos, evitar la duplicación innecesaria de esfuerzos, 
pero sobre todo valorar cuales son los tratamientos que deben 
continuarse estudiando y cuales ir desechando8. Al evaluar el 
uso de lopinavir/ritonavir se observa que existen más de 25 en-
sayos clínicos en curso, por lo cual invertir más esfuerzos en 
este fármaco que, según los primeros resultados no sería de 
utilidad, no parece ser correcto9.

Además de los fármacos mencionados, existen otros me-
dicamentos bastante interesantes y tal vez prometedores, que 
se vienen utilizando ampliamente en algunos de nuestros paí-
ses para el manejo de pacientes con COVID-19. Uno de estos 
fármacos es la ivermectina, un antiparasitario de fácil disponi-
bilidad en nuestra región sudamericana, bastante seguro y con 
infrecuentes efectos adversos y que ha demostrado tener cier-
ta actividad antiviral in vitro frente a una gran variedad de virus, 
incluso frente al SARS-CoV-2. Este efecto in vitro ha llevado a 
que sea ampliamente utilizado en Perú, Bolivia y Ecuador de 
manera empírica para el COVID-19, basado en la plausibilidad 
biológica, llegando a indicarse incluso en casos leves10.

Múltiples autores han hecho las precisiones de que las 
dosis de ivermectina estudiadas in vitro, son varias veces más 
altas a las que se alcanzaría con las dosis aprobadas para uso 
humano y no se alcanzarían incluso utilizando las máximas 
dosis tolerables. Lamentablemente, el Ministerio de Salud del 
Perú lo incluye dentro de sus esquemas terapéuticos como 
una alternativa de tratamiento incluso para pacientes clasifi-
cados como leves para COVID-19, a pesar de la escasa evi-
dencia clínica actual, lo que ha llevado que muchos médicos 
prescriban la ivermectina en sus esquemas de tratamiento sin 
tener en cuenta la gran cantidad de estudios clínicos que se 
requieren para evaluar nuevas indicaciones de fármacos cono-
cidos11. Además, este uso indiscriminado del medicamento, ha 
llevado a escasez del producto, ocasionando que médicos, per-
sonal de salud e incluso médicos veterinarios recomienden a la 
población el uso de ivermectina veterinaria, lo cual ha llevado 
a la aparición de complicaciones debido al uso de presentacio-
nes parenterales12.

A pesar de la emergencia que significa en todo el mun-
do la presencia de esta nueva enfermedad que ya ha causado 
más de medio millón de muertes, no podemos como médicos 
e investigadores, dejar de buscar una solución para mitigar la 
gravedad de esta enfermedad13, por lo cual es urgente evaluar 
cuál es la efectividad de los medicamentos que vienen siendo 
utilizados por la población a través de los pasos correctos de 
la investigación científica. En Colombia, por ejemplo, se reco-
mienda su uso únicamente dentro de estudios clínicos, debida-
mente aprobados y regulados14.

Conclusiones
Por todo lo expuesto, nosotros planteamos adaptar el 

ensayo clínico “Solidarity” a Latinoamérica, proponiendo las 
siguientes modificaciones: 1) suspender adicionalmente a la 
hidroxicloroquina el grupo de tratamiento lopinavir/ritonavir. 
2) agregar al grupo compuesto por lopinavir/ritonavir más in-
terferón beta 1-b el antiviral rivabirina y 3) agregar un nuevo 
grupo de tratamiento conformado por la ivermectina. De esta 
manera, estaríamos coincidiendo plenamente con los médicos 
y personal de salud a nivel mundial, que requieren respuestas 

rápidas, urgentes y el uso de medicamentos con efectividad 
probada frente a la pandemia del coronavirus que es un grave 
problema de salud global.
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Scientifically unproven treatments for COVID-19

Detected for the first time in late December 2019, a no-
vel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), is the causative agent of an international outbreak of 
coronavirus disease 2019 (COVID-19). In late August 2020, 
approx. 24 000 000 cases, including 815 038 deaths, have 
been confirmed worldwide1. The WHO declared the outbreak 
of COVID-19 as a Public Health Emergency of International 
Concern, and it has been proposed that its spread may be in-
terrupted by early detection, isolation, the implementation of 
a robust system to trace contacts, and a prompt treatment2.  
Nevertheless, there has not yet been any vaccine or effective 
treatment that has received approval3.  Despite this, the FDA 
has recently issued an emergency use authorization for the 
investigational antiviral drug Remdesivir to treat COVID-19 
in patients with severe disease4. Although there is still limi-
ted information regarding the safety and efficacy of this novel 
prodrug, it has shown potent in vitro antiviral activity against 
SARS-CoV-2 isolates, and therapeutic efficacy in animal mo-
dels5.

Furthermore, patients treated with this investigational 
drug, in clinical trials, have shown a significant shortening 
in recovery time in comparison with control subjects6. Be-
sides Remdesivir, other antiviral agents, including nucleosi-
de analogs (e.g., ribavirin and favipiravir), protease inhibitors 
(e.g., Lopinavir/Ritonavir), endosomal acidification inhibitors 
(e.g., chloroquine/hydroxychloroquine), among others, have 
also been investigated as drug candidates for the treatment 
of COVID-19. However, detrimental side effects and variable 
efficiency have been associated with its application on seve-
ral patients6. Likewise, it has been reported that ivermectin, 
an anti-parasitic agent, inhibits the replication of SARS-CoV-2 
in vitro, but clinical trials are still underway to test possible 
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therapies7. Additionally, the potential interferon 1 (IFN1) treat-
ment has been tested against SARS-CoV-2 both in vitro and 
in vivo, and combination or not with some of the above-men-
tioned antiviral agents, and it has been suggested that it may 
account for a safe and efficient treatment against COVID-19 in 
the early stages of infection8.

The lack of standardized treatments has led to the emer-
gence of unproven health advice, which doesn’t rely on a scien-
tific basis, for fictitiously treating or preventing COVID-19. In 
this context, the utilization of these fake therapies might be 
considered useless, but the consequences on human health 
can be innocuous to relatively harmless, or even absolutely 
dangerous. For instance, rumors indicating that garlic can be 
used as a home remedy for preventing COVID-19 have been 
widely spread. Even though garlic is considered a healthy food 
ingredient, there is no evidence suggesting that it can cure or 
prevent SARS-CoV-2 infection9. Additionally, the intake of co-
pious amounts of garlic can result in throat inflammation and 
burns10. Other home recipes include drinking or gargling her-
bal tea and warm purified water, eucalyptus inhalant, essential 
oils, alcoholic beverages, and tinctures11–13.

Remarkably, non-evidence-based information also propo-
ses drinking disinfectant substances, such as colloidal silver 
and chlorine dioxide, not only as a home remedy but also as 
commercial products specifically “targeted” against SARS-
CoV-2 infection14. It has been demonstrated that surface disin-
fection, and even wastewater treatment, using chlorine dioxide 
(ClO2) is effective against coronaviruses, when appropriate 
(over 2.2 mg/L) concentrations are applied15,16. However, to the 
best of the current knowledge, there is no research describing 
the safety and efficiency of these products for treating any 
pathology. Furthermore, regulatory institutions, like the FDA, 
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Figure 1. The consumption of non-tested or fraudulent medicines may lead to adverse events, including serious and life-threa-
tening harm.
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have warned about the risks related to the intake these for-
mulations, since they have received several reports of people 
suffering severe adverse effects (i.e., nausea, severe vomiting 
and diarrhea, acute liver failure, life-threatening low blood 
pressure caused by dehydration) after drinking chlorine dioxide 
products17.

Conclusions
The promotion of fraudulent products, claiming to prevent 

or cure COVID-19, is not ethical, and its consumption may mis-
lead a correct diagnostic, interfere with the appropriate medical 
treatment, and harm the patient’s health. Therefore, the efforts 
of governmental regulatory agencies and legislation, all over 
the world, should be focused on preventing and sanctioning 
the occurrence of fraudulent products claiming to prevent or 
cure COVID-19. At the same time, scientists keep investigating 
multiple candidate therapies or vaccines against the novel co-
ronavirus, authorities, health care professionals, and society, in 
general, reinforce biosecurity and social isolation strategies as 
preventive actions to avoid exposure to the virus. Additionally, 
scientific publications, mainly reviews, regarding the current 
state of research involving potential therapies against SARS-
CoV-2, should be promoted and widely diffused, through appro-
priate mechanisms, to inform the majority of society.
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Introduction
In Wuhan, a city in China's Hubei province, an outbreak of 

pneumonia began in late 2019, quickly associated with the co-
ronavirus family, and later spread worldwide. The SARS-CoV-2 
virus, declared a pandemic, causes severe acute respiratory 
syndrome and the pathology, known as COVID-19 (Coronavi-
rus Disease 2019), called so by the World Health Organization1.

Viral genome sequencing was available to WHO on 
January 12, 2020, allowing laboratories in different countries 
to produce specific diagnoses via RT-PCR tests, which is cu-
rrently the standard diagnostic test, but which, however, has 
false negatives dependent on the sampling site, operator ex-
perience, and viral load, so finding a complementary or supple-
mentary test is desirable2.

Chest computed tomography (CT) has a high sensitivity to 
show patterns suggestive of COVID 19; however, this study is 
generally intended for hospitalized patients3. Different studies 
have been conducted worldwide to determine the diagnostic 
value of CT in SARS-CoV-2, finding sensitivity and specificity 
of 97% and 68%, respectively. Tao Ai et al. conducted a study 
involving 1014 patients, which attempted to determine the 
diagnostic value of chest CT scan in SARS-CoV-2 compared 
to RT-PCR. It was determined that the tomography has a high 
sensitivity for the diagnosis of COVID-19, especially in epide-
mic areas, and that it should be taken into account for patient 
screening, evaluation, and follow-up4,5.

In this study, we aim to compare a CT score created based 

on the most common radiological patterns in chest CT scan 
with the results of the RT-PCR in patients entering the ED with 
a presumptive diagnosis of COVID-19, and to determine whe-
ther analytical biomarkers, such as ferritin and the D-dimer, 
can interact with the score and improve the diagnostic efficien-
cy of the score.

Materials and methods 
A prospective observational cohort study was conducted 

in 30 patients with suspicion of SARS COV-2 admitted to the 
Pablo Arturo Suárez Hospital ED in March-July 2020, com-
paring the diagnostic correlation of a tomographic score and 
biomarkers, such as ferritin and D-dimer, with the standard 
RT-PCR diagnostic test.

Tomographic score
It was built by assigning a score based on CT findings re-

ported in the Japanese Coronavirus Disease 2019 (COVID-19) 
study: A Systematic Review of Imaging Findings in 919 Pa-
tients6, The following scores were determined: bilateral invol-
vement in 12 meta-analysis studies was for a whole of 497 
patients, where 435 presented this finding, corresponding to 
87.5% (2 points); peripheral distribution - 12 meta-analysis stu-
dies were evaluated for a total of 121 patients, out of which 92 
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presented this type of lesion, corresponding to 76% (2 points); 
posterior involvement - 1 meta-analysis study is for 51 pa-
tients, 41 of whom had these findings, corresponding to 80.4% 
(2 points); a multilobar involvement - with 5 meta-analysis 
studies of 137 patients, of whom 108 had these findings, co-
rresponding to 78.8% (2 points); ground glass opacities were 
evaluated in 22  meta-analysis studies with 393 patients, out 
of whom 346 had this, corresponding to 88%; the consolidation 
- in 10 meta-analysis studies, where 204 patients were asses-
sed, 65 had this complication, corresponding to 31.8% (1 point).   

such as SOFA (it is a daily measurement system of multiple 
organ failure: respiratory, cardiovascular, coagulation, hepatic, 
renal, neurological; it is a prognostic indicator), APACHE II (it 
estimates the probability of death of a patient according to the 
values of a series of physiological variables, plus age and pre-
vious health status), CT score, ferritin, and D-dimer.

The Chi-square test or Fisher's exact test was used for 
qualitative variables.

To compare the CT score, ferritin, and D-dimer per PCR 
result for COVID 19, the graphic function of the RStudio pro-
gram and the gstatsplot, and ggbetweenstats packages were 
used.

The Receiver Operating Characteristic (ROC) curve was 
applied to determine positive PCR prognosticators for CO-
VID-19 by determining cut-off points and calculating the pa-
rameters for diagnostic tests: sensitivity, specificity, positive 
predictive value, negative predictive value, accuracy, and odds 
ratio.  At a multivariant level, the logistic regression approach 
was used, determining predictors and defining the predictive 
equation. Statistical significance was set for p-value <0.05.

Ethical Considerations
Researchers have respected the bioethical principles of 

human research. The data obtained is secondary, obtained 
from the blogs and medical records; the identification of the 
patients will not be disclosed and has been recorded to avoid 
recognition. We also have permission to publish this work from 
the authorities and the Department of Teaching and Research.

Results
30 patients were tested with PCR for COVID-19, of which 

15 PCR test results were positive and 15 negatives. The ave-
rage age of patients stood at 52 years; significant differences 
were observed between the PCR results with p-value 0.045, 

Table 1. Clinical Characteristics of Patients who were Tested with PCR for COVID-19.

Inclusion and exclusion criteria
Within the inclusion criteria are patients over 18 suspec-

ted of having SARS COV-2.
Patients under the age of 18 and over 85, and those who 

are carriers of primary immune pathologies, HIV-like infectious 
and neoplastic pathologies, were excluded from the study.

Statistical processing
The analyses were performed using the RStudio and IBM 

SPSS version 25 statistical packages, using descriptive statis-
tics, using tables and charts, representing absolute and rela-
tive values of qualitative variables, and measures of central 
tendency and scatter for quantitative variables.

The assumption of normality of quantitative variables was 
verified using the Shapiro-Wilk test, where the t-test was used 
for quantitative variables with a normal distribution (age), and 
the Mann Whitney test for non-normal quantitative variables, 



1299

with the average age of 57 years for positive PCR vs. 46 years 
for negative PCR results. The sample was made up of 80% 
male majority. Among the most frequent comorbidities was 
diabetes mellitus - 23.33%, Arterial Hypertension (AH) - 
16.67%, obesity - 13.33%, COPD - 10%, among others. Para-
meters associated with mortality risk showed an average of 
12.77 for APACHE II and 3.87 for SOFA, the mortality rate was 
16.67% with no differences observed in these parameters re-
lative to the PCR outcome (see table 1). 

When comparing CT score between patients with positive 
or negative results, significant differences with p-value 0.009 
were observed, where the mean was 5.13 (95% CI 3.83-7.07) 

for negative PCR vs. 8.33 (95% CI 7.3-9.17) for positive PCR; for 
this test, the effect size r was observed (0,48), which indicates 
that the relationship between CT score and PCR result for CO-
VID-19 is medium. (see Figure 1)

For ferritin, when comparing patients with positive and ne-
gative PCR, significant differences were observed with a p-value 
of 0.022, where the means were 839.31 ng/ml (95% CI 542.64-
1201.48) for negative PCR vs. 1327.25 ng/ml (CI 95% 1198.52-
1491.76) for positive PCR, for this test the effect size r (0.42) 
was observed, indicating that the relationship between ferritin 
and the PCR result for COVID-19 is medium. (see Figure 2) 

Figure 1. CT score comparison with PCR 
results for COVID-19.

Figure 2. Comparison of ferritin by PCR re-
sults for COVID-19.

Comparative Pilot Study Between a Tomographic Score and RT-PCR to Determine Diagnostic Prediction in Patients with COVID 19
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Figure 3. D-dimer comparison by 
PCR results for COVID-19.

Comparing the D-dimer between patients with positi-
ve and negative PCR did not find any significant differences; 
however, their averages were 1244.81ng/ml (CI 95% 698.14-
2159.83) for negative PCR and 1193.55 ng/ml (CI 95% 856.51-
1530.12) for positive PCR. (See Figure 3)

The CT score, ferritin, and D-dimer variables were consi-
dered to determine if they could be positive PCR predictors for 
COVID-19.

Targeted evaluation of the area below the ROC curve to 
estimate positive PCR results for COVID-19 was for a CT score 
of 0.776 (0.613-0.938) and ferritin 0.742 (0.551-0.933). These 
areas showed confidence intervals that do not include the va-
lue 0.5, which proved to be significant to predict positive PCR 
for COVID-19, whereas the D-dimer, whose area under the cur-
ve was 0,613 (0,402-0,825), was not significant. (see Figure 4) 
Based on the ROC curve, the cut-off points for CT scores were 
established at seven (7), while for ferritin at 883 ng/ml.

For the CT score cut-off point, PCR was considered as 
positive if it was ≥ 7; otherwise, PCR was considered negati-
ve, resulting in a sensitivity of 93.33%, specificity 53.33%, PPV  
66.67% (positive predictive value: likelihood of disease if a po-
sitive test result is obtained), NPV 88.89%(negative predictive 
value: the probability that a person with a negative test result 
is healthy), accuracy 73.33%. Besides, an odds ratio suggests 

that patients with CT score ≥ 7 are 16 times more likely to 
have a positive PCR result for COVID-19 than those reporting 
CT score <7.

On the other hand, the ferritin cut-off point was conside-
red as PCR positive if this was ≥ 883; otherwise, it was deemed 
to be negative. Sensitivity obtained was 93.33%, specificity 
66.67%, PPV 73.68%, NPV 90.91%, accuracy 80%, the odds ra-
tio at cut-off point was significant. This indicates that patients 
with ferritin ≥ 883 ng/ml are 28 times more likely to have a 
positive PCR result for COVID-19 as compared to patients with 
ferritin <883 ng/ml. 

Through logistic regression, the multivariant relationship 
and predictive model for PCR positive COVID-19 were determi-
ned, based on the CT score cut-off points and ferritin.

The results showed that the CT score cut-off points p-va-
lue 0,008 and ferritin p-value 0,003 were positive PCR pre-
dictors for COVID-19, where CT score values ≥7 and ferritin ≥ 
883 were 53,51 and 80,18 times more likely to present positive 
PCR for COVID-19. 

The logistic regression equation based on the βi coeffi-
cients and the cut-off points of the CT score and ferritin, as 
well as the constant of the model, allowed to predict the group 
membership, i.e. positive or negative PCR for COVID-19, where 
the concordance of results was obtained in 90%.

Jorge Luis Vélez-Paez, Rafael Salazar-Montesdeoca, Juan Pablo Echeverría, Steffy Reinthaller-Subía, Sebastián Vásquez-Barzallo, Andrea Villegas-Polanco, 
Santiago Xavier Aguayo-Moscoso
Volumen 5 / Número 4     •     http://www.revistabionatura.com
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Figure 4. ROC curve to predict positive PCR for COVID-19, 
based on CAT score, ferritin, and D-dimer.

Table 2. Diagnostic test parameters for positive PCR results 
for COVID-19, based on CT score cut-off points and ferritin.

Table 3. Logistical regression to predict positive PCR for COVID-19.

Table 4. Diagnostic test parameters for positive PCR COVID-19 based on the logistic regression model.

Comparative Pilot Study Between a Tomographic Score and RT-PCR to Determine Diagnostic Prediction in Patients with COVID 19
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The prognosis or classification, based on the regression 
model, resulted in a sensitivity of 86.67%, specificity 93.33%, 
PPV 92.86%, NPV 87.50%, accuracy 90%.

Discussion
In the current SARS COV 2 pandemic, around 80% of in-

fected patients have mild disease symptoms and recover after 
2-3 weeks. In severe patients, lung impact develops between 
days 7 and 10; the severity of the disease is mainly due to cyto-
kine release inflammatory syndrome ('cytokine storm'). This 
is where typical tomographic findings, established as patterns 
for diagnosing COVID 19 disease, are evidenced. Once infec-
ted patients progress to acute respiratory distress syndrome 
(ARDS), more than 10% of them worsen within a short period 
and die of multiple organ failure.

Severe cases of COVID-19 are presented primarily in ma-
les over the age of 50. In our study, we replicate this data with 
a predominance of the male sex and an average age of 52. The 
comorbid factors associated with severe disease are arterial 
hypertension, diabetes mellitus, pneumopathy, and obesity - 
factors found in the population studied in our series7.

The gold standard diagnostic test for COVID-19 is the RT-
PCR, which was taken as a comparator of the CT image score, 
built for the study. Typical image characteristics include inters-
titial pattern, extensive consolidation with multifocal ground 
glass images, bilateral involvement, peripheral or subpleural 
distribution, rear, and lower lobe predilection, and multiple le-
sions. Based on these patterns, we set a score for the diagnos-
tic imaging of this disease8.

As for imaging scales, the CO-RADS scale, used by medi-
cal imaging specialists, assesses COVID-19 pulmonary invol-
vement with the help of chest CT and provides good predictive 
performance in patients with moderate to severe symptoms. 
But as clinicians, we have found it imperative to present a di-
fferent way to score image findings simply, in real-time and 
without the strict necessity for a physician specializing in ima-
ging; the tool, which allows to have diagnostic certainty and 
to make clinical-therapeutic decisions and the one that has 
results adequately correlated with the RT-PCR test, providing 
an additional instrument for the clinical physician in charge of 
the first-line care in the current pandemic9.

The CT score cut-off point was determined to be ≥7, with 
an odds ratio of 16, i.e., patients who achieve this score are 16 
times more likely to have a positive PCR for COVID-19 than 
those with lower values, with high sensitivity values (93.3%) 
and negative predictive value (88.89%). This data correlates 
with international studies such as Ai et al. and Fang et al., 
which demonstrated in 1014 and 51 patients respectively, the 
usefulness of CT concerning RT-PCR with high sensitivities of 
97% and 98%10,11.

There are patients with typical COVID 19 tomographic 
patterns, with negative PCR tests; if the clinic is reliable, this 
could correspond to false-negative results, and it could be 
explained by the variety of types of tests on the market avai-
lable for the detection of this virus, the variation in the detec-
tion rate by different manufacturers, and a low viral load on 
the patient. Considering that in most cases, patients go to ED 
when the disease presents symptoms of pulmonary involve-
ment; this happens when viral load is sometimes undetectable 
in the upper respiratory tract. Another inconvenience could be 
an inadequate clinical sample, since, as well as many other 
tests; this one is also centered around the dependent operator 
framework.

In this context, obtaining a CT scan will help us support 
early diagnosis and faster patient classification, even if the RT-
PCR test is not reported or available or when the PCR result is 
negative and clinical suspicion is high12.

As for diagnostic biomarkers and laboratory forecasts, 
ferritin is the predictor of the hyperinflammatory state given 
by the cytokine storm, and the D-dimer is the marker for iden-
tifying the procoagulant state of the blood system in infected 
patients.

In our research, the cut-off point found for ferritin was ≥ 
883 ng/ml, the odds ratio being at 28 at the significant cut-off 
point, which implies that patients with these ferritin values are 
28 times more likely to have a positive PCR for COVID-19 as 
compared to the ones with ferritin <883 ng/ml; high sensitivity 
(93.33%) and negative predictive value (90.91%).

In two studies conducted in China by Wang et al. and Sun 
et al.13,14, severe patients showed serum ferritin values > 800 
µg/L, reporting significant differences between mild and too 
severe groups. Besides, high levels of D-dimer were found 
in severe and too severe patients. To sum up, these studies 
showed a correlation between gravity and high inflammatory 
biomarkers.

Our data reveal correspondence comparing them to the 
studies mentioned above regarding ferritin cutting values, with 
a very similar cut-off point. However, concerning the D-dimer, 
they differ with the other findings since we did not find any 
statistical association between the RT-PCR and the D-dimer.

Finally, employing logistic regression, the multivariate re-
lationship was determined with the cut-off points of the CT 
score (≥7) and ferritin (≥ 883 ng/ml), which determine the 
OR of 53.51 and 80.18 respectively, the high value of OR can 
be explained by the small sample. In the predictive model, 
generated by the logistic regression equation, the model-ba-
sed classification yielded a sensitivity of 86.67%, specificity 
93.33%, PPV 92.86%, NPV 87.50%, accuracy 90%, i.e., the two 
tests give a high diagnostic probability of COVID-19, turning 
the finding into a tool of high diagnostic value.

The limitation of our work, being a pilot study, was the size 
of the sample, but this analysis may be the starting point for 
new studies on this subject with a broader sample that could 
analyze other variables and healthy outcomes, such as mor-
tality.

Conclusions
The tomographic score, created for this pilot study, yielded 

promising results; it provided an excellent diagnostic correlation 
with the RT-PCR with a cut-off point greater than or equal to 7 
and, being augmented with the ferritin biomarker with values 
equal to or greater than 883 ng/ml, and thus reached a predic-
tive diagnostic level.

It becomes mandatory to expand the sample of this study 
to verify if the results are replicated. For the time being, we will 
add the score to our hospital's diagnostic arsenal to facilitate 
the diagnosis and treatment of this disease.

Bibliographic references
1.	 Mcintosh, K. UpToDate. [Online]. Available from:      https://www.up-

todate.com/contents/coronavirus-disease-2019-covid-19-clini-
cal-features?search=covid&source=search_result&selectedTi-
tle=1~150&usage_type=default&display_rank=1      [Accessed 
17 August 2020].

Jorge Luis Vélez-Paez, Rafael Salazar-Montesdeoca, Juan Pablo Echeverría, Steffy Reinthaller-Subía, Sebastián Vásquez-Barzallo, Andrea Villegas-Polanco, 
Santiago Xavier Aguayo-Moscoso
Volumen 5 / Número 4     •     http://www.revistabionatura.com



1303

2.	  Salehi, S, Abedi, A, Sudheer, B, Gholamrezanezhad, A.      Corona-
virus Disease 2019 (COVID-19): A Systematic Review of Imaging      
Findings in 919 Patients Read More: https://wwwajronlineorg/
doi/102214/AJR2023034.      American Journal of Roentgenol-
ogy. [Online] 2020;215(1): 87-93. Available      from: https://doi.
org/10.2214/ajr.20.23034 [Accessed 17 August 2020].

3.	Farias Lucas de Pádua Gomes de, Strabelli Daniel      Giunch-
etti, Fonseca Eduardo Kaiser Ururahy Nunes, Loureiro Bruna 
Melo      Coelho, Nomura Cesar Higa, Sawamura Márcio Valente 
Yamada. Thoracic tomographic manifestations in      symptomatic 
respiratory patients with COVID-19. Radiol Bras       [Internet]. 
2020  Aug [cited  2020  Aug  17] ;       53( 4 ): 255-261. Avail-
able from:      http://www.scielo.br/scielo.php?script=sci_arttex-
t&pid=S0100-39842020000400255&lng=en.       Epub July 15, 
2020.  https://doi.org/10.1590/0100-3984.2020.0030.

4.	Yang, Z, Tao, A, Hou, H, Zhan, C.H, Chen, C.H.      Correla-
tion of Chest CT an RT-PCR Testing for Coronavirus Disease 
2019      (COVID-19) in China: A Report of 1014 Cases. Radiology. 
2020;296(2):      32-40. Available from:  https://doi.org/10.1148/
radiol.2020200642 [Accessed 16 August 2020].

5.	Xie, X, Zhong, Z, Zhao, W, Zheng, C.H, Wang, F.      Chest CT for 
Typical Coronavirus Disease 2019 (COVID-19) Pneumonia:      Re-
lationship to Negative RT-PCR Testing. Radiology. [Online] 
2020;296(2):      41-45. Available from: https://doi.org/10.1148/
radiol.2020200343 [Accessed      17 August 2020].

6.	Sana Salehi, Aidin Abedi, Sudheer Balakrishnan, and Ali Gholam-
rezanezhad. Coronavirus Disease 2019 (COVID-19): A Systematic      
Review of Imaging Findings in 919 Patients. American Journal of 
Roentgenology 2020      215:1, 87-93. Available from:      https://
www.ajronline.org/doi/full/10.2214/AJR.20.23034

7.	 Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical      
and immunological features of severe and moderate coronavirus 
disease      2019. J Clin Invest. 1 de mayo de 2020;130(5):2620-9.

8.	Zu ZY, Jiang MD, Xu PP, Chen W, Ni QQ, Lu GM, et al.      Coronavi-
rus Disease 2019 (COVID-19): A Perspective from China. Radiolo-
gy.      2020;296(2):E15-25.

9.	Prokop M, van Everdingen W, van Rees Vellinga T, Quarles 
van Ufford      H, Stöger L, Beenen L, et al. CO-RADS: A Cat-
egorical CT Assessment      Scheme for Patients Suspected 
of Having COVID-19-Definition and      Evaluation. Radiology. 
2020;296(2):E97-104.

10.	Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, et al. Correlation      of 
Chest CT and RT-PCR Testing for Coronavirus Disease 2019 
(COVID-19) in      China: A Report of 1014 Cases. Radiology. 
2020;296(2):E32-40.

11.	10. Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, et al.      Sensitivity of 
Chest CT for COVID-19: Comparison to                     RT-PCR. Radiology. 
19      de febrero de 2020;296(2):E115-7.

12.	Rubin GD, Ryerson CJ, Haramati LB, Sverzellati N, Kanne JP, Raoof      
S, et al. The Role of Chest Imaging in Patient Management during the      
COVID-19 Pandemic: A Multinational Consensus Statement from 
the Fleischner      Society. Radiology. 7 de abril de 2020;296(1):172-
80.

13.	Wang F, Hou H, Luo Y, Tang G, Wu S, Huang M, et al. The      laboratory 
tests and host immunity of COVID-19 patients with different severity      
of illness. JCI Insight. 21 de 2020;5(10).

14.	Sun Y, Dong Y, Wang L, Xie H, Li B, Chang C, et al.      Characteris-
tics and prognostic factors of disease severity in patients      with 
COVID-19: The Beijing experience. J Autoimmun. 1 de agosto de      
2020;112:102473.

Received: 20 August 2020
Accepted: 28 September 2020

Comparative Pilot Study Between a Tomographic Score and RT-PCR to Determine Diagnostic Prediction in Patients with COVID 19



1304

Ameneh Norouzi
Volumen 5 / Número 4     •     http://www.revistabionatura.com

DOI. 10.21931/RB/2020.05.04.5
Abstract: According to the hypothesis, montelukast may have therapeutic action against severe acute respiratory syndrome 
(SARS) occurred by coronavirus 2 (CoV-19). The research was aimed to evaluate the therapeutic effects of montelukast tablet 
on coronavirus infectious disease (COVID-19) patients. A total of 20 COVID-19 confirmed patients were included in this study. The 
presence of COVID-19 infections in all patients was confirmed using real-time polymerase chain reaction (PCR) and computerized 
tomography (CT) scan. Confirmed cases were treated with oral administration of montelukast (10 mg) tablet for 10 days. The 
study population was included 18 to 82 years old patients (10 males and 10 females). The mean age of studied men and women 
individuals were 44.7±17 and 41±17.45 years, respectively. Frequency of respiratory distress, cough, abdominal cramps/diarrhea, 
fever, and odor disorder clinical signs amongst the examined patients were 85%, 90%, 20%, 70%, and 65%, respectively. Our findings 
revealed that all patients who were received 10 days of oral administration of montelukast tablets (10 mg) were recovered from the 
COVID-19 disease. Additionally, all of the clinical signs of COVID-19 patients, including respiratory distress, cough, and odor disorder, 
were gradually disappeared. Our findings revealed that widespread oral administration of montelukast tablets (10 mg) is a potential 
treatment for COVID-19 disease. However, several double-blind and multifactorial clinical trials should perform to determine the 
other clinical aspects of the treatment of COVID-19 patients by oral administration of montelukast. 

Key words: SARS-COVID-19, Treatment, Montelukast.

RESEARCH / INVESTIGACIÓN

Introduction
Infectious diseases remain a threatening issue for hu-

man health despite the high development of medical scien-
ces1,18,30,35,36. Severe Acute Respiratory Syndrome (SARS)-Co-
rona Virus Diseases-19 (CoVID-19) (SARS-CoVID-19) which 
also known as SARS-CoV-2, is the essential threatening disea-
se in 2019 and 2020 years all around the world57.

Coronaviruses (CoVs) belong to the family of Coronavi-
ridae, the order Nidovirales, and the genus Coronavirus, with 
a positive sense, single-stranded RNA genome. Human coro-
naviruses (HCoVs), are documented as respiratory pathogens 
related to respiratory and intestinal infections with various se-
verities from the usual cold to pneumonia and bronchiolitis to 
death. COVID-19, as a deadly disease is occurred owing to the 
activity of SARS-CoV-2, accounted as a global public health 
concern31,43.

Rendering the World Health Organization’s (WHO)’ report, 
the epidemic of COVID-19 so far registered 26,763,217 cases 
and 876,616 deaths worldwide (9) WHO showed that the hi-
ghest numbers of COVID-19 new cases had been reported 
from Iraq, Iran, Morocco, Saudi Arabia, Kuwait34. In Iran, several 
cumulative cases and also cumulative death of Covid-19 were 
384,666 and 22,154, respectively34.

Despite the worldwide spread, there were no definitive 
treatments for the COVID-1938. Thus, there was a large de-
mand to introduce a novel therapeutic option for the treatment 
of the cases of COVID-19.

It has been theorized that Montelukast, an antagonist 
of the cysteinyl leukotriene (cysLT) receptor with potential 
antioxidant and anti-inflammatory effects, may reduce the 
development of the COVID-19 infection16. Montelukast has 
an effect on events developing with Angiotensin-converting 
enzyme (ACE) receptors, and also has an anti-inflammatory 
effect with bradykinin and leukotriene antagonism; Because of 
COVID-19 has entry into the cell through ACE receptors and 
caused mortality due to excessive inflammatory processes, it 

was thought that montelukast might have a therapeutic effect 
on the progression of COVID-19 infection20.

According to the high importance of COVID-19, the absen-
ce of effective treatment, and the probable effect of the mon-
telukast, the present research was done to assess the effects 
of oral administration of montelukast as a therapeutic agent 
for the treatment of SARS-CoV-2 patients.

Materials and methods 

Ethics and consents
The present survey was conducted on volunteer patients 

who suffered from SARS-COVID-19 disease. Informed consent 
was obtained from the patients or their parents involved in this 
survey. Additionally, all the identity and personal information 
of the patients participating in this study remained secret. Ethi-
cal principles of patient care and sampling were also observed. 
Serious efforts were made to reduce patients’ pain and anxiety 
during the research process.

Study population
A total of 20 male and female  ≥18 years old patients with 

clinical signs of COVID-19 disease were confirmed by the com-
puterized tomography (CT)-scan and Real-Time Polymerase 
Chain Reaction (PCR) were included in this study.

Inclusion and exclusion criteria
All patients confirmed to be infected with the COVID-19 

virus through the nucleic acid detection by the Real-Time PCR 
assay, and positive outcomes of chest CT-scan were included 
in the study.  Additionally, clinical signs of the disease were 
considered. If both chest CT-scan and Real-Time PCR test 
showed negative findings of COVID-19 disease for any patients, 
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they were excluded from the study. Additionally, patients who 
died during the study and also those who used from other the-
rapeutic options against SARS-COVID-19 were excluded from 
the research. Furthermore, patients with progressive and au-
toimmune diseases were excluded from the study.

COVID-19 virus detection and diseases confirmation in 
the study population

Patients were confirmed by Reverse transcription-Real-Ti-
me PCR (RT-Real-Time PCR) using throat swab specimens 
from the upper respiratory tract or clinically diagnosed ba-
sed on lung imaging features, specially Chest CT scan ground 
glass pathognomonic features consistent with coronavirus 
pneumonia, depending on the physician’s orders.

The presence of the COVID-19 virus was examined using 
the RT-Real-Time PCR method. For this purpose, the method 
described previously was used47. Throat swab samples were 
used for RNA extraction. Lesser than 37 cycle threshold values 
(Ct-value) were considered as a positive, while those of higher 
than 40 were recognized as negative. Additionally, a chest CT 
scan was performed, and its results were analyzed according 
to lung involvements, density (ground-glass and consolida-
tions), and central to peripheral distribution52.

Treatment protocol
Confirmed patients with CT-scan and RT-Real-Time PCR 

were subjected to oral administration of montelukast tablets 
(10 mg, Dr. Abidi Co, Tehran, Iran) for about 10 days. Patients 
were used two montelukast tablets on the first day of the ex-
periment and then only one table from days 2 to 10 of the ex-
periment. Routine cares of COVID-19 were addressed for all 
patients24,44.

Statistical analysis
All data collected from the study were transferred to Mi-

crosoft Excel software (Microsoft Corp., Redmond, WA, USA). 
Statistical analyses were performed using SPSS 21.0 (Sta-
tistical Package for the Social Sciences) software (SPSS Inc., 
Chicago, IL, USA). Variables were defined as frequencies and 
percentages. A comparison of the differences was conducted 
using the Chi-square test. P-value<0.05 was considered sta-
tistically significant.

Results

COVID-19 identification
The present survey was performed to assess the thera-

peutic effects of oral administration of montelukast tablet 
(10 mg) in patients suffered from COVID-19 disease. Figure 
1 represents the pattern of lung CT-scan in some of the exa-
mined COVID-19 patients. As shown, multi-lobar and bilateral 
ground‐glass opacities are seen in both lungs, mostly in mid 
to lower lungs, although all lobes are affected, with a periphe-
ral subpleural distribution. Additionally, the presence of the 
COVID-19 virus was identified by the Real-Time PCR method 
in all examined patients.

Study population
Table 1 represents the characters of the study popula-

tion of COVID-19 patients. The study population consisted of 
18 to 82 years old male and female patients. The total dis-
tribution of male and female individuals amongst all 20 exa-
mined COVID-19 patients were 50% (10/20) and 50% (10/20), 

Figure 1. The pattern of lung CT-scan in some of the examined COVID-19 patients.
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respectively. The mean age of male and female patients was 
44.7±17 and 41±17.45 years, respectively. Total distribution of 
respiratory distress, cough, abdominal cramps/diarrhea, fever, 
and odor disorders amongst all examined patients were 85%, 
90%, 20%, 70%, and 65%, respectively. However, there were no 
statistically significant differences between and within popu-
lation-based data presented in this study (P <0.05). No deaths 
and also progressive and autoimmune diseases were found in 
the study population. Additionally, none of the patients were 
received any other anti-viral or other therapeutic options.

Diverse researches have focused on the impact of mon-
telukast as a probable candidate for the treatment of CO-
VID-196,20. Montelukast is initially and typically used for the 
treatment of asthma, but it has some anti-viral activities, 
which have been assessed in some surveys but not approved 
well17,21,22,25. Bozek et al.9 surveyed elderly patients who suffe-
red from asthma who were treated with montelukast. They 
found that montelukast administration provided benefits and 
improved asthma control, while other drugs did not lead to a 
comprehensive healing of asthma. Then, they performed a re-

Ameneh Norouzi
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Table 1. Characters of the study population in the patients suffered from COVID-19.

Treatment outcomes
Our findings revealed that all of the COVID-19 patients 

who were treated with 10 days of oral administration of mon-
telukast tablets (10 mg) were recovered from the COVID-19 
disease. Findings revealed that all of the clinical signs of the 
COVID-19, including respiratory distress, cough, and odor di-
sorder, were gradually disappeared. Respiratory distress and 
cough were the first clinical signs that disappeared after the 
montelukast administration. However, cramps and diarrhea 
continued for about a few days after the study experiment. 
Patients’ odor appeared one to two days after the end of the 
study experiment. There were no detectable side effects after 
10 days of oral administration of montelukast tablets in exa-
mined patients.

Discussion
From the first days of the occurrence of COVID-19 disea-

se, diverse kinds of therapeutic options have been presented to 
patients38. However, none of them weren’t introduced as defini-
tive and affected treatment46. Otherwise, no specific anti-viral 
option has been established as an effective agent against CO-
VID-19 virus26. Despite the significant anti-viral effects of rem-
desivir50, teicoplanin55, nelfinavir53, colistin, valrubicin, icatibant, 
bepotastine, epirubicin, epoprostenol, vapreotide, aprepitant, 
caspofungin, and perphenazine28, rupintrivir and lopinavir42, eb-
selen23, beclabuvir and saquinavir41, indinavir, cobicistat, cas-
pofungin acetate, and atazanavir15, carfilzomib, eravacycline, 
valrubicin, elbasvir, and streptomycin48, thymopentin, carfilzo-
mib, and saquinavir49, ledipasvir and velpatasvir14, atazanavir, 
efavirenz, ritonavir, and dolutegravir5, mycophenolic acid, gra-
zoprevir, telaprevir, and boceprevir19, formoterol and chloroqui-
ne4, eriodictyol, isoniazid pyruvate, nitrofurantoin, cepharanthi-
ne, ergoloid, and hypericin45, ikarugamycin and molsidomine27, 
baricitinib37, and lithium33 drugs, none of them weren’t intro-
duced as the definitive treatment of COVID-19 disease. Thus, 
it is essential to work on other therapeutic candidates for the 
treatment of lethal COVID-19 disease.

The present survey disclosed that the oral administra-
tion of montelukast tablets (10 mg) for about 10 days could 
decrease the risk of death in COVID-19 patients. Additionally, 
findings revealed that all of the clinical signs of COVID-19 pa-
tients were gradually disappeared after treatment. Thus, this 
is the report of the potential of treatment of COVID-19 patients 
by the oral administration of montelukast tablets (10 mg) for 
about 10 days.

trospective observational survey as an extension of the above 
project with the same patients on morbidity due to COVID-1910. 
They found a significant reduction in SARS-CoV-2 infection in 
the group of elderly asthmatic patients treated with monte-
lukast. Nowak, J.K. & Walkowiak, J.33 reported that the admi-
nistration of antiallergic medications such as montelukast and 
levocetirizine, and their combination could be effective against 
COVID-19. In keeping with this, the high safety of montelukast 
administration for the treatment of viral and respiratory di-
seases has been reported previously2,7,11,12. Mansour, S. et al.29 
surveyed computational docking to assess the effects of mon-
telukast on COVID-19 protease catalytic site. They showed 
a possible inhibitory portion of montelukast in binding to the 
Mpro catalytic site of the COVID-19 virus, which may modulate 
and inhibit the viral replication.

Reports indicated that ACE receptors are an essential tar-
get of the entrance of  COVID-19 into the cell, which causes 
severe pneumonia and subsequently increases in the mortality 
rate13,40. The cough that can progress by ACE inhibition is cau-
sed by increased bradykinin and its bronchoconstrictor result, 
and montelukast, an antagonist of leukotriene D4 (LTD4), has 
a repressive effect on hypersensitivity of the airway induced 
by bradykinin8,32. Respiratory failures and acute respiratory 
distress syndrome (ARDS) are the most causes of death in 
the COVID-19 patients39,56. ARDS is mainly caused severe lung 
injuries with a high inflammatory response with an increase 
in the levels of Interleukin-6 (IL-6), IL-8, and IL-1 and tumor 
necrosis factor (TNF) in an initial phase and other pro-inflam-
matory cytokines in the later phase of the disease13. These pro-
cedures increased leukocyte migration to the affected region, 
which causes leukocytes accumulation, reactive oxygen secre-
tion, and protease production with severe damages to capillary 
endothelium and alveolar epithelium40. Surveys revealed that 
the application of montelukast caused a severe reduction in 
the levels of TNF-α, IL-6, and IL-132. Additionally, the inhibitory 
effect of montelukast toward tracheal contraction induced by 
bradykinin has also been established8,13,32,40.

Furthermore, it has been established that the monte-
lukast decreases the levels of oxidative stress in cells39. In-
vestigations described that high doses and intravenous (IV) 
administration of montelukast caused a significant decrease 
in the expression of IL-4, IL-5, IL-13 proteins in the lungs, and 
anti-inflammatory activities by the T-helper type-2 cytokines 
suppression51,56. Moreover, montelukast administration caused 
significant decrease in the frequency and severity of wheezing 
in patients with an upper respiratory tract infection caused by 
coronavirus, adenovirus, metapneumovirus, and influenza3,8,11. 
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Thus, montelukast has an effect on events developing with 
ACE receptors, and also has an anti-inflammatory effect with 
bradykinin and leukotriene antagonism; Because of COVID-19 
has entry into the cell through ACE receptors and caused mor-
tality due to excessive inflammatory processes, it was thought 
that montelukast may have a limiting effect on the progression 
of the disease on COVID-19 infection. Anti-COVID-19 activities 
of montelukast were confirmed in the present survey.

According to our hypothesis, montelukast caused healing 
effects and prevented from cough, respiratory distress, conges-
tion, and suffocation of patients suffered from COVID-19 and 
provided more time for the immune system to fight the virus.

The author of the present study guesses that the CO-
VID-19 virus causes immunodeficiency reactions by disrupting 
the complement system, and lung damage is not the direct 
function of the virus54. Thus, patients faced with immunode-
ficiency reactions caused severe damages to lung and conse-
quent death. Proof of this hypothesis offers practical approa-
ches to develop new drug therapies against COVID-19 disease. 
Otherwise, the COVID-19 virus is probably caused severe di-
sorders in the immune system of patients and caused subse-
quent disturbances in the complement and cytokines systems, 
which resulted in the appearance of clinical signs and death in 
patients. This is the possible reason for the lack of anti-viral 
options used for the treatment of disease. However, the esta-
blishment of this hypothesis needs further researches.

Our observations are limited by the small group of pa-
tients and lack of some other supplementary tests, which may 
be partly due to avoid wasting time in the publication of the 
valuable results of this research to scientists around the world 
and saving millions of lives. Additionally, this is a preliminary 
work due to the size of the sample, the high dispersion in the 
age group, and the absence of a control group. However, the 
author potentially recommended oral administration of mon-
telukast (10 mg) as a potential therapeutic option for the treat-
ment of COVID-18 disease all-around the world.

Conclusions
According to the results of the present survey and also 

those of other review articles, montelukast is the potential 
treatment for COVID-19 disease. Our finding revealed that all 
of the COVID-19 patients were treated after 10 days of oral 
administration of montelukast tablets (10 mg) for about 10 
days. Thus, the general oral administration of montelukast ta-
blets (10 mg) is potentially suggested as a potential treatment 
for COVID-19 disease—this a preliminary study on the effect 
of montelukast as a potential treatment for COVID-19 infec-
tions. Thus, several double-blind and multifactorial clinical 
trials should perform to determine the other clinical aspects 
of the treatment of COVID-19 disease by oral administration 
of montelukast. 
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Resumen: En el Ecuador la hipertensión arterial ocupa el cuarto lugar de mortalidad por enfermedades conocidas con una tasa 
del 22,09%. Este estudio es de tipo observacional, descriptivo y transversal, y tuvo como objetivo de cuantificar la prevalencia y 
estudiar la asociación entre la hipertensión arterial y los diferentes factores de riesgo: índice de masa corporal (IMC), frecuencia 
de actividad física, consumo de alcohol y tabaquismo. Para estudiar esta asociación se realizó una regresión logística bivariada. 
Se calcularon los odds ratios y sus IC al 95% de confianza. Se incluyeron 208 individuos, el 22,6% con Hipertensión arterial y 
el 55,8% de ellos con sobrepeso u obesidad. Existen más posibilidades de que se presente HTA a mayor edad del sujeto y una 
probabilidad 4.56 veces mayor de presentar HTA si el paciente tiene sobrepeso/obesidad con respecto al que no lo presenta. El 
perímetro de cadera igualmente esta correlacionado significativamente con todas las variables de una forma escasa con edad 
y presión diastólica y moderadas con peso e IMC. El sobrepeso u obesidad y la edad mayor a 40 años constituyen factores de 
riego para desarrollar HTA y la modifican en función exponencial, en la medida que aumenta el sobrepeso y la edad aumenta el 
riesgo de HTA

Palabras clave: Factores de riesgo, Hipertensión arterial, Obesidad, Prevalencia.

Abstract: In Ecuador, arterial hypertension occupies the fourth place of mortality due to known diseases with a rate of 22.09%. 
This study is observational, descriptive and transversal, and aimed to quantify the prevalence and study the association between 
high blood pressure and the different risk factors: body mass index (BMI), frequency of physical activity, consumption of alcohol 
and smoking. To study this association, a bivariate logistic regression was performed. Odds ratios and their 95% CI confidence were 
calculated. 208 individuals were included, 22.6% with arterial hypertension and 55.8% of them with overweight or obesity. There 
are more chances of presenting hypertension at a higher age of the subject and a 4.56 times greater probability of presenting 
hypertension if the patient is overweight / obese compared to the one who does not. The hip perimeter is also significantly correlated 
with all the variables in a scarce way with age and diastolic pressure and moderate with weight and BMI. Overweight or obesity and 
the age over 40 years constitute risk factors to develop this disease and modify it exponentially, as overweight and age increases 
the risk of HT.

Key words: Risk factors, Hypertension, Obesity, Prevalence, Physical activity.

RESEARCH / INVESTIGACIÓN

Introducción
La hipertensión arterial es una enfermedad crónica que 

afecta a un gran número de personas a nivel mundial, según 
datos de la Organización Mundial de la Salud (OMS), uno de 
cada tres individuos adultos sufre de esta patología, siendo 
este el principal determinante de riesgo para padecer infartos 
de miocardio, insuficiencia renal y accidentes cerebrovasculares1.

Según la Asociación Americana del Corazón (AHA) en el 
año 2017 en su nueva guía de hipertensión define como: “pre-
sión arterial elevada, una presión sistólica entre 120 y 129 
mmHg y una diastólica con cifras menores a 80 mmHg e Hi-
pertensión en etapa 1 cifras de 130 a 139 mmHg en la presión 
sistólica, y 80 a 89 mmHg en la diastólica2.

El sobrepeso y la obesidad se da por un aumento excesivo 
de tejido adiposo y son factores que influyen en la hiperten-
sión arterial. En la población adulta el tener un índice de masa 
corporal superior a 30 mg/kg2, se interpreta como sobrepeso; 
mientras que con cifras mayores a 35mg/ kg2 son categoriza-
das como obesidad, a mayor cantidad de índice de masa cor-
poral mayor grado de obesidad, debido a que son directamente 
proporcionales3.

En el Ecuador la hipertensión arterial ocupa el cuarto lu-

gar de mortalidad por enfermedades conocidas según los da-
tos del Instituto Nacional de Estadísticas y Censos (INEC) del 
año 2014 con una tasa del 22,09%4, mientras que la prevalen-
cia de obesidad y sobrepeso es del 62,8% en personas de 20 a 
59 años, teniendo un predominio el sexo femenino, encontrán-
dose de manera predominante en la cuarta y quinta década de 
la vida con cifras mayores al 73%5.

En la Encuesta Nacional de Salud y Nutrición (ENSANUT) 
publicada en el año 2013 se reportó un consumo de alcohol del 
41,3% en ecuatorianos de 20 a 59 años en el último mes con 
prevalencia del sexo masculino5.

El tabaquismo es considerado un factor de riesgo en la 
hipertensión arterial, el consumo de tabaco disminuye los ni-
veles de colesterol bueno o HDL en el cuerpo; la personas que 
inician este hábito en la adolescencia tienen un aumento, tres 
veces mayor de mortalidad en comparación con no fumadores. 
Se ha demostrado una asociación entre distintos factores de 
riesgo que incluyen el ser fumadores y una lesión ateroscle-
rótica6.

En relación con el consumo de tabaco los ecuatorianos 
entre los 20 y 59 años tienen una frecuencia diaria del 25,9% 
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sin dominio de sexo, aumentándose esta práctica conforme 
avanza la edad, destacando el grupo de 50 a 59 años con una 
prevalencia del 50,8%5.

El barrio “La Bota” se encuentra ubicado en la parroquia 
del Comité del Pueblo identificada como la zona 9 del Distri-
to Metropolitano de Quito perteneciente a la provincia de Pi-
chincha, cantón Quito7. Cuenta con un centro de salud tipo 1 
a cargo del Ministerio de Salud Pública (MSP) en el distrito 17 
D 03 y según este tiene una población de 13172 de moradores 
en el sector8.

Materiales y métodos
Este estudio es de tipo observacional, descriptivo y trans-

versal, con el objetivo de cuantificar la prevalencia y estudiar 
la asociación entre la hipertensión arterial y los diferentes fac-
tores de riesgo: índice de masa corporal (IMC), frecuencia de 
actividad física, consumo de alcohol y tabaquismo.

Adultos mayores de 18 años que asistieron a la feria de 
salud organizada por la Universidad de las Américas, los días 
7, 8 y 9 de septiembre de 2017.

Criterios de inclusión
·         Género femenino o masculino.
·         Adultos que hayan firmado el consentimiento infor-

mado para participar en la investigación.

Criterios de exclusión
·         Personas con información incompleta.
Se incluyó un total de 208 participantes.

Análisis estadístico
Para las variables cualitativas se calcularon frecuencias 

absolutas y relativas. Para las variables cuantitativas, se cal-
cularon media, o y desviación estándar. Se calculó la preva-
lencia de obesidad (medida a través del IMC), frecuencia de 
actividad física, consumo de alcohol y tabaquismo. También 
se tuvieron en cuentas otras variables como hábitos tóxicos, 
grupos de edad y sexo. Se calcularon razón de prevalencias y 
sus intervalos de confianza al 95% para los factores de riesgo 
seleccionados. Se realizaron comparaciones de proporciones 
(obesos-no obesos, sedentarios-no sedentarios, consumo de 
cigarros y alcohol-no consumo) en caso de variables cualita-
tivas (Chi cuadrado) para conocer si existen diferencias signi-
ficativas entre estos grupos. Para variables cuantitativas (t de 
Student) para conocer diferencias en edad e índice de masa 
corporal entre los diferentes grupos según sexo, y grados de 
obesidad y nivel de sedentarismo.

Para estudiar la asociación entre la hipertensión arterial y 
los factores de riesgo seleccionados se realizó una regresión 
logística bivariada. Se calcularon los odds ratios y sus IC al 
95% de confianza. Se considerará un valor de p < 0.05 como 
estadísticamente significativo. Se calculó además el Coeficien-
te de correlación de Pearson y se clasificó la asociación según 
lo siguiente:

0,2 a 0,39: Correlación positiva baja
0,4 a 0,69: Correlación positiva moderada
0,9 a 0,99: Correlación positiva muy alta
0,7 a 0,89: Correlación positiva alta

Aspectos éticos
Se diseñó un documento para el consentimiento informa-

do con el fin solicitar la participación de los sujetos en la inves-

tigación.  Los datos recolectados se han mantenido de forma 
confidencial para lo que se utilizaron códigos numéricos para 
identificación de los sujetos. En todo momento se protegió la 
identidad de los sujetos, su dignidad y derechos, así como su 
privacidad. El proyecto de investigación no necesitó ser some-
tido a la consideración del Comité de Ética de Investigación en 
Seres Humanos (CEISH) de la Universidad de Las Américas ya 
que este proyecto es de riesgo mínimo para sus participantes.

Resultados
El total de participantes de la investigación fue 208 indi-

viduos, los resultados del análisis descriptivo señalan que la 
edad mínima de los participantes fue de 18 años y la máxima 
91 años, con una Media de 51 y Desviación estándar (DE) de 
19.6 años; el IMC mínimo fue de 15 y máximo de 53, con una 
Media de 27.5 y DE 5.4; en cuanto a la presión sistólica mínima 
registrada fue de 85mmHg y máxima de 200mmHg, con una 
media de 118.0mmHg y DE 16.5; la presión diastólica presentó 
como mínima cifra registrada 50mmHg y máxima 160mmHg, 
con una Media de 76.5mmHg y DE 11.7. (Tabla 1)

Los registros de obesidad según IMC se presentaron con 
mayor frecuenta los pacientes con sobrepeso en el 48.6% 
(n=101) de los casos, seguidos de Normal con 24% (n=50) par-
ticipantes y luego Obesidad I registró el 16.8% (n=15). La suma 
de sobrepeso con el total de obesidad agrupa el 75% (n=156) 
de los participantes. (Tabla 2)

Se relacionó el antecedente de hipertensión arterial con 
los factores de riesgo registrados para verificar la asociación 
entre las variables, logrando establecer que las variables gé-
nero, grupo etario y Sobrepeso + Obesidad, presentaron una 
relación estadísticamente significativa con valor de p menor 
a 0.05; sin embargo, esta relación no se evidenció entre hiper-
tensión arterial y el consumo de alcohol, donde el valor de p 
fue mayor a 0.05.  (Tabla 3)

Se estudió la relación entre hipertensión arterial y facto-
res de riesgo registrados para verificar la estimación del riesgo, 
logrando establecer que el género femenino según el OR (0.10 
a 0.75) constituye un factor protector. El grupo etario presenta 
según el OR (4.412 – 243.672) refiere que existen más posibili-
dades de que se presente HTA a mayor edad del sujeto.  Entre 
hipertensión arterial y Sobrepeso + Obesidad la relación repre-
senta un factor de riesgo según el valor de OR (1.553–13.43) 
con una probabilidad 4.56 veces mayor de presentar HTA si el 
paciente tiene sobrepeso/obesidad con respecto al que no lo 
presenta. Al realizar los cálculos de OR ajustados se confirma 
que el género femenino no representa riesgo para desarrollar 
HTA y la variable Sobrepeso + Obesidad se mantiene como 
factor de riesgo para el desarrollo de la misma. (Tabla 4)

Para estudiar la relación existente entre las variables 
cuantitativas seleccionadas se realizó el cálculo del Coeficien-
te de correlación de Pearson demostrándose que existe una 
correlación positiva significativa baja entre las variables pre-
sión arterial diastólica y edad (0.23), peso (0.20), IMC (0.24) 
y perímetro de la cadera (0.21). También se evidenció corre-
lación muy baja entre edad e IMC; no se evidenció correlación 
entre edad y peso.

Respecto al peso, una buena correlación con el perímetro 
de cadera y escasa con la presión diastólica. El perímetro de 
cadera igualmente esta correlacionado significativamente con 
todas las variables de una forma débil con edad y presión.
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Discusión
En base a lo establecido por la Asociación Americana del 

Corazón y otras instituciones internacionales, quienes a través 
de “la Guía para la prevención, detección, evaluación y desa-
rrollo de la hipertensión arterial en adultos”9, se tomaron en 
cuenta las cifras de 130/80 como para agrupar a los pacientes 
con hipertensión arterial, en este caso se logró evidenciar una 
prevalencia de 22.6% de casos con antecedente de HTA, cifras 
cercanas a las reportadas a nivel mundial que oscilan entre 
el 20 al 25% según Borges, Cruz y Moura10, y por encima de 

las registradas en Ecuador que según la Encuesta Nacional de 
Salud y Nutrición es de 9,3% para la población adulta5.

En cuanto a los factores asociados, en este estudio se evi-
denció una mayor prevalencia en las mujeres con un 74.5% de 
los participantes, por encima de lo estimado a nivel nacional 
que señala un mayor predominio de hombres hipertensos, en 
otros países como Brasil el predominio se presenta en muje-
res5. El 75% de los participantes tenía sobrepeso u obesidad, 
cifra muy cercana a lo encontrado a nivel nacional, 73%5.

Tabla 1. Estadísticos descriptivos.

Tabla 2. Distribución según Índice de Masa Corporal.

Tabla 3. Relación entre las HTA y características demográficas.
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La edad predominante en el estudio fue mayor de 40 años, 
se agruparon según OMS y la suma de adultez y adulto mayor 
abarca el 67% de la muestra, rango de edad donde hay mayor 
predomino de hipertensión, en concordancia con los estudios 
de Ortiz y otros11.

El consumo de alcohol se registró en un 2.9%, por debajo 
de lo demostrado a nivel nacional, donde la población de ma-
yor consumo es la que presenta edades comprendidas entre 
los 19 a 24 años de edad con un porcentaje de consumo del 
12%, en este estudio la mayor población presentaba más de 
40 años, edades donde se disminuye el consumo de alcohol, en 
quienes se registra un consumo del 7.4%, sin embargo, estuvo 
en concordancia con los niveles registrado para mayores de 65 
años con 2.8%.

Respecto a la relación con los factores de riesgo se esta-
bleció una asociación estadísticamente significativa entre HTA 
y género, sin embargo, no se evidenció relación de riesgo con 
el sexo femenino que fue el predominante; concuerda con la 
investigación de Nogueira y otros12, quienes igualmente encon-
traron mayor predominio de mujeres, sin embargo, no repre-
sentan factor de riesgo sino de protección.

Se establece relación estadísticamente significativa con la 
edad, siendo un riesgo de 32.7 veces mayor para desarrollar 

HTA si se tiene más de 40 años, se relaciona con los resulta-
dos de Borges, Cruz y Moura10, quien encontró valores de ries-
go que se incrementaban con la edad, donde los pacientes de 
35 a 44 años presentaron un riesgo de desarrollar HTA de 4.5 
veces; de 45 a 54 años fue de 10.69, los pacientes de 55 a 69 
años con riesgo de 12.92 y los mayores de 65 años el riesgo se 
elevó a 21.34 veces.   (Tabla 5)

El sobrepeso evidenció una relación estadísticamente 
significativa con un riesgo de 4.56 veces mayor posibilidad de 
desarrollar HTA si se presenta esta condición, en concordancia 
con los hallazgos de Borges, Cruz y Moura10, donde el riesgo de 
hipertensión aumentó con el peso tanto para hombres como 
para mujeres, presentando en esa investigación un valor de 
6.33 veces mayor en los hombres obesos y 3.33 en las mujeres 
obesas en comparación con las personas sin esta condición. 
Otro estudio similar registra un riesgo de 1.71 para sobrepeso 
y de 3.13 para obesidad de presentar HTA si se reúnen estas 
condiciones13.

Conclusiones
Se encontró mayor prevalencia de la Hipertensión arte-

rial en mujeres, en personas de más de 40 años y en personas 

Tabla 4. Estimación de riesgo entre HTA y las variables del estudio.

Tabla 5. Correlaciones entre las variables.
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con sobrepeso u obesidad; se debe tomar en cuenta la diferen-
cia entre un hallazgo de hipertensión arterial que es una sola 
toma de presión arterial elevada mientras que un diagnóstico 
basa en cumplir con los criterios previamente descritos para 
categorizar a un paciente con hipertensión arterial. El sobre-
peso u obesidad y la edad mayor a 40 años constituyen fac-
tores de riego para desarrollar HTA y la modifican en función 
exponencial, en la medida que aumenta el sobrepeso y la edad 
aumenta el riesgo de HTA. No se demostró que el consumo de 
alcohol sea un factor asociado a la HTA en la población estu-
diada. La presión arterial diastólica esta correlacionada positi-
vamente con la edad, el IMC y el perímetro de la cadera.
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Abstract: In recent years Ecuador has suffered from the Zika virus. Geo-software and statistical software allowed the probabilistic 
identification of suitable ecological niche species, such as the vector Aedes aegypti, which is the leading cause of the Zika virus 
transmission, depending on the dependent and independent variables. These models require pre-weighted input, normalized, and 
rasterized inputs to continue the validation process to estimate their predictive performance through several statistics such as the 
confusion matrix or the Receiver Operating Characteristic Curve (ROC). It resulted that the Maxent method has been with the higher 
predictive performance with a value of Area Under Curve (AUC) = 0.998, which describes the areas of Zika with a greater probability 
of the transmission vector resembling the actual distribution of the species as a function of the presence data and the predictor 
variables. A large part of the Ecuadorian coastal territory yielded a statistical-based, probabilistic presence of the vector, being the 
most vulnerable before a possible epidemiological risk.

Key words: Ecological niche model, GIS, Aedes Aegypti, Zika, Ecuador.

Introduction
The vector Aedes aegypti is the leading cause of the Den-

gue, Chikungunya, and Zika viruses, transmitted by the bites of 
transmission of infected females1,2. In 1947, the virus was de-
termined for the first time in Uganda, particularly in the forests 
of Zika3. It has been discovered in a Rhesus monkey during a 
study about the transmission of yellow fever in the jungle. In 
2007, the first significant outbreak of Zika virus infection occu-
rred in Yap Island (Micronesia), in which 185 suspected cases 
were reported4,5. Subsequently, an outbreak was recorded in 
French Polynesia, which began at the end of October 20136,7. 
There were around 10,000 cases where approximately 70 ca-
ses have been severe, with neurological complications (Guil-
lain Barré syndrome, meningoencephalitis) or autoimmune 
(thrombocytic purpura, leukopenia). In 2014, cases were also 
recorded in New Caledonia and the Cook Islands8,9. In February 
2014, the Chilean public health authorities confirmed a case of 
autochthonous transmission of Zika virus infection on Easter 
Island10. This appearance coincided with other transmission 
sources in islands of the Pacific, like French Polynesia, New 
Caledonia, and the Cook Islands. The Pan-American (PAHO) 
and World Health Organization (WHO), as well as the Network 
of Arbovirus Diagnostic Laboratories (RELDA) of the Americas, 
agreed on new guidelines to identify and confirm suspected 
cases of Zika in the affected countries. At the same time, the 
WHO and the scientific community seek to develop more pre-
cise tests11,12.

Vector diseases represent 17% of the estimated global 
burden of infectious diseases and, even in some cases, le-
thal13,14. In Ecuador, there is an endemic presence of the Ae-
des aegypti mosquito that has been closely related to climatic 
phenomena (temperature and humidity), causing direct and 
indirect economic losses that mainly affect the lower strata of 
society15-19. The Ministry of Public Health of Ecuador (MSP) has 
issued the mandatory epidemiological alert for health esta-
blishments of the Comprehensive Public Health Network and 
the Complementary Network, including all public and private 
establishments, which will allow the timely detection of all pa-
tients with suspicious symptoms, such as fever below 38.5°C, 
inflammation of the joints in hands and feet, red spots on the 

skin, conjunctivitis. Fever less than 38.5°C and the possible 
presence of conjunctivitis differentiate Zika fever symptoms 
from the symptoms of dengue and chikungunya15. Therefore, 
the National System of Vigilance and Early Warning for the 
control of the vector of dengue and yellow fever has proposed 
a project that proposes obtaining climatological, socio-econo-
mic, and biological information of the Aedes aegypti mosquito 
to deploy it with Geographic Information Systems (GIS) to de-
velop an Early Warning System for the Control of the Vector of 
Dengue and Yellow Fever, developing predictive mathematical 
models for dengue based on the relationship between ento-
mological, epidemiological, socio-economic and climatological 
data15.

These models generate predictions regarding the species' 
distribution and environmental requirements, enable the iden-
tification of the variables that best predict favorable habitats, 
allow ecological testing hypotheses about the distribution 
of organisms, and evaluate the impacts of possible environ-
mental changes. This type of ecological distribution modeling 
(Maximum Entropy, Logistic Regression, etc.) has been used 
in the current study to identify suitable areas for the develop-
ment and proliferation of Aedes aegypti, the transmitter of the 
parasite that causes the Zika virus20.

Methodology 

Methods for Ecological Niche Modeling
Currently, there is a wide variety of methodologies to per-

form ecological niche modeling by using mathematical algo-
rithms and automatic learning methods that require biologi-
cal data of the species and the application of environmental 
variables21-26. Mainly these methodologies are based on three 
statistical classification techniques, namely discriminant, des-
criptive, and mixed. In the discriminant techniques, the spe-
cies' biological data are needed being presence and absence 
to build the statistic. Among them are classification trees 
(CART), artificial neural networks (AN), generalized linear mo-
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dels (GLMs), generalized additive models (GAMs), maximum 
entropy models (MAXENT), multivariate adaptive regression 
splines (MARS) among several others27-32. Descriptive techni-
ques require biological data of the species with presence only. 
Examples of such techniques include BIOCLIM, BIOMAP, and 
Ecological Niche Factor Analysis-Biomapper (ENFA), among 
others33-36. Mixed techniques use both descriptive and discri-
minating techniques, making their pseudo-absences. Among 
them are Desktop-GARP and OM-GARP, among others37-39.

In some cases, the algorithms have been implemented 
in a friendly way for the user through software packages that 
allow describing the relationship between the environment 
and the species, which are generally available for free to later 
integrate it into a GIS to obtain cartographic products40.

Information collection
To model the spatial distribution of a species, it has been 

necessary to have two types of information: the dependent 
variables (presence, absence, or pseudo-absence data) and 
independent variables (predictors). Furthermore, we needed a 
series of ecological modeling techniques that have been used, 
such as Maxent, MARS, SPSS, that emulate or demonstrate 
the research result through statistical modeling, thus deter-
mining the suitability of the habitat for the development of the 
species. The ArcGis version 9.x software has also been used 
to collect, organize, manage, generate, and analyze the ne-
cessary supplies for each model used. As generated, all the 
collected information has been handled with the WGS84 Refe-
rence System with UTM projection, zone 17 South.

a)      Dependent Variables
The records of the presence of the vector Aedes aegypti 

have been obtained from periodical publications (Gazettes) is-
sued by the Ecuadorian Undersecretary of Public Health Sur-
veillance through the National Directorate of Epidemiological 
Surveillance specialized in Diseases Transmitted by Vectors, 
which since the end of 2015 (weeks epidemiological studies 
52-53) began to publish them. The data for modeling the spe-
cies' distribution has been taken until the report issued on Sep-
tember 14, 2016 (epidemiological weeks 1-36).

As the vector usually transmits the Zika virus, Aedes ae-
gypti, therefore, only the localities where there are confirmed 
autochthonous cases of the virus have been georeferenced (42 
records), which according to the WHO, are local epidemiologi-
cal contagion records11, meaning that there is the presence of 
the vector in situ. Table 1 and Figure 1 summarize the provin-
ces with their respective cantons, where the confirmed auto-
chthonous and imported cases of Zika Virus (ZikaV) have been 
encountered in continental Ecuador.

Data of absence or pseudo-absence of Aedes aegypti
The data of absence are fundamental in the species' dis-

tribution models; however, currently, there are no scientific 
investigations that determine areas not suitable for the re-
production of the vector because it adapts easily to any envi-
ronment. Therefore, pseudo-absences have been created that 
are absences estimated from the vector's biological, ecologi-
cal, and historical data. The pseudo-absences for the present 
study have been generated based on the presence data as su-
ggested by several authors, who state that from them, a radius 
of 30 km has been established in which the environmental, 
topographic, and landscape conditions stabilize, that is, there 
is a probability of the presence of the vector within this area. 
This delimitation has been conducted with the ArcGis buffer 

tool. Later these areas have been erased from our study area 
(mainland Ecuador) using the ArcGis erase tool to finally crea-
te random points that exceed the total sample of the presence 
of the vector (48 pseudo-absence points) using the create ran-
dom points tool from ArcGis (Figure.2).

The pseudo absence is generated by taking the same 
number of points plus an additional 10% in a random form with 
a minimum distance of 30 km between points since this seeks 
to ensure that the environmental and physical conditions are 

Figure 1. Presence of the Vector Aedes aegypti in continental 
Ecuador41.

Table 1. Confirmed cases of autochthonous and imported 
Zika Virus41.
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not the same, then the points are discarded that are less than 
30 km (again) from the points of presence.

b)     Independent Variables
The 19 iboclimatic variables have been taken from the 

Worldclim Website (http://www.worldclim.org/), which brings 
together a set of global climate data with a 30-second spa-
tial resolution that is approximately 1km² on the Equator line. 
This portal's offered layers have been created by interpolating 
the averages of monthly, quarterly, and annual climatic data 
for each station. The variables that have been included in the 
model are average annual temperature, an average of the day 
range, isothermality, seasonal temperature, maximum tem-
perature of the hottest month, minimum temperature of the 

coldest month, annual temperature range, the average tem-
perature of the wettest quarter, average temperature of the 
driest quarter, average temperature of the warmest quarter, 
average of the coldest quarter temperature, annual precipi-
tation, precipitation of the wettest month, precipitation of the 
driest month, seasonal precipitation (Coefficient of variation), 
precipitation for the quarter wettest, precipitation of the driest 
quarter, precipitation of the hottest quarter and precipitation of 
the coldest quarter.

The layers are worldwide in .grid format; therefore, all 
the used variables have been cut to the size of the study area 
(Ecuadorian mainland) with the same pixel size (1000x1000) 
meters and in the same way, the same number of rows and 
columns (650x721) with the ArcGis "Extract by Mask" tool (Fi-
gure.3a-e).

Geographic Variables
The geographical variables that have been used to per-

form the modeling have been part of the base cartography 
with a scale of 1: 50000, which has been included in the 
Geoportal of the National Information System SNI (http://sni.
gob.ec/inicio), except for the altitude. We realized a previous 
process to each variable, is described below, before becoming 
part of each model.

a) Altitude
The information corresponding to the altitude has been 

compiled from the Worldclim Web Site, which relied on the To-
pographic Radar Shuttle Mission (SRTM) driven by the NASA. 
At this moment, a digital model of the Earth's surface has been 
developed based on the information collected from space. Like 
the environmental variables, the resolution and the size of the 
pixel have been cut and adjusted to the study area with the 
ArcGIS Extract by Mask tool.

Figure 2. Pseudo-absence of the Vector Aedes aegypti in the 
mainland of Ecuador.

Figure 3. Examples of the bioclimatic variables for modeling the Aedes aegypti in the Ecuadorian mainland, as taken from the 
Worldclim Website (see text). A) precipitation of the driest month; B) annual rainfall; C) isothermality: D) maximum temperature 
of the warmest month; E) central annual temperature; F) minimum temperature of the coldest month.

Mario Bolivar Balseca Carrera, Oswaldo Padilla Almeida and Theofilos Toulkeridis
Volumen 5 / Número 4     •     http://www.revistabionatura.com



1317

b) Areas susceptible to flooding
The raw information of this variable has been in vector for-

mat, therefore the ArcGis "Euclidean distance" tool has been 
used, which, when rasterized, provided the distance from each 
cell to the nearest source of the areas susceptible to flooding 
(Figure.4b).

c) Populated centers
Like the previous variable, the raw information has been 

treated in the identical form and followed the same procedure 
(Figure.4c).

d) Land use
For the land-use variable, Saaty's Analytical method has 

been used, which has been based on hierarchizing the compo-
nents or variables by means of numerical values for the pre-
ference judgments, thus determining which variable has the 
highest priority42,43. In table 2, the land use at the national level 
has been weighted according to the percentage of presences 
(Figure.5) and the characteristics that result in them more apt 
to become the vector's habitat. Later the information has been 
rasterized using the tool ArcGis "Feature to Raster" based on a 
new field called "weights" where the range of values has been 
between 0 and 1 (Figure.6).

Figure 4. Modeling of Aedes aegypti with different variables: A) Poverty Index; B) Flood distances C) Populated Centers.

Figure 5. Presence of Aedes aegypti in 
the function of Land use.

Table 2. Matrix of Saaty about the land use42,43.

Modeling of the spatial distribution of the vector Aedes Aegypti, transmitter of the Zika Virus in continental Ecuador by the application of GIS tools
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be houses without access to potable water through a water 
network, in addition to not having drainage systems, so the po-
pulation is forced to store water in internal or external tanks, 
which favors the proliferation of the Aedes aegypti vector. In 
the Geoportal of the National Institute of Statistics and Censu-
ses (http://www.ecuadorencifras.gob.ec/geoportal/) this infor-
mation has been in vector format has been rasterized using the 
ArcGis "IDW" interpolation tool. This process calculated each 
of the cells' values through a linearly weighted combination 
based on a given field. In the present study, the percentage 
of the poverty index through the centroids of all the parishes 
nationwide has been considered as illustrated in Figure 4a. 
The same has been done about the flood distances and the 
populated centers (Figure.4b and Figure.4c). Hereby, it is about 
the variables taken in the model, being predictor variables. The 
summary of the predictor variables that have been used for 
the Aedes aegypti vector modeling has been listed in Table 3.

Normalization of the variables
Most distribution models of species require the homolo-

gation of the values of both dependent and independent va-
riables; therefore, the information has been dimensioned and 
referenced within the same scale. That is, in a range of [0,1] 
where it has been considered that there has been a greater 
probability of the presence of the vector when the values have 
been closer to "1". Within the study area, the maximum and mi-

Table 3. Predictor variables for the modeling of Aedes aegypti. 
Not all of the above-described variables contributed in the same way to each model, which includes that even dispense with any 
of them has been possible due to the statistic performed by each modeling method.

Figure 6. Reclassification of Variable values.

Socio-economic variables
As stated above, the variable about the Poverty Index has 

been linked to the quality of life in the socio-economic envi-
ronment. That is, if the quality of life has been low, there will 

Mario Bolivar Balseca Carrera, Oswaldo Padilla Almeida and Theofilos Toulkeridis
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nimum values have been determined with the presence of the 
vector of each one of the variables, using the ArcGis "Extract 
Multi Values to Points" tool, with which the extreme conditions 
for vector survival have been able to be established and in turn 
excluding the zones with the absence of it, as evidenced in Ta-
ble 4. Using the ArcGis "Reclassify" tool, the excluded ranges 
of the raster that has the data of the particular variable have 
been assigned to a value of "0".

Once the maximum and minimum values with the presen-
ce of a vector have been obtained, the formula (1) to normalize 
has been used for each of the variables:

different predictive spatial variables are analyzed. The model 
itself can be spatialized and can represent the probability of 
the localization of the species.

b) Receiver Operating Characteristic analysis (ROC)
The ROC curve (Receiver Operating Characteristic analy-

sis), is a statistic that graphically represents the discriminative 
capacity of any model for all its possible cut points. It needs 
the data to be evaluated to be of presence/absence to define 
the threshold or criteria necessary for predicting the species44. 
The ROC curve is obtained by relating the sensitivity that is the 
fraction of true positives (y-axis), with the "1- specificity" which 
is the fraction of false positives (x-axis), for ease of calcula-
tion is used the expression "1- specificity" so that sensitivity 
and specificity vary in the same direction when the threshold 
is defined45.

The derived statistic is the area under the ROC curve, or 
Area Under Curve (AUC), which provides a full measure of the 
predictive capacity as well as assessing the best fit in ecologi-
cal niche models, defined by (45) as:

Table 4. Maximum and minimum values of the Independent Variables.

Where Xn is the normalized variable, Xi is the variable,   Xmin 
and Xmax represent the minimum and maximum values, res-
pectively. The land-use variable did not perform this process 
because it has been previously normalized by applying the Sa-
aty method42,43.

Distribution Models of the species
In the current study, several statistical models have been 

applied to determine which of them is the most optimal to pre-
dict the spatial distribution of the Aedes aegypti mosquito vec-
tor of the Zika virus. The used models have been Maxent, ROC 
Curve Analysis, Fuzzy Logic, Logistic Regression, and Multiva-
riate Adaptive Regression Splines (MARS).

a) Maxent (Maximum Entropy)
For the application of maximum entropy model or Maxent, 

free software with the same name MaxEnt has been used31. 
This statistic is discriminant and requires presence and absen-
ce data. However, Maxent provides its absences, called "bac-
kground". Additionally, this virtual platform does not require 
that the predictor variables be normalized because this statis-
tical process is carried out internally by the program. Maxent 
is a software used to calculate geographic distribution models, 
in which the relationship of the presence data of a species and 

The AUC is calculated by adding the area under the ROC 
curve and takes values from 0 to 1, where values less than 
0.5 indicate that the model is naughty since it classifies erro-
neously more cases than chance. AUC values of 0.5 to 0.7 are 
considered a low performance of the model, while values be-
tween 0.7 to 0.9 presume a moderate model's moderate per-
formance. Values greater than 0.9 estimates a high level of the 
model, indicating that all cases have been classified correct-
ly46. The AUC values are not affected by changes in the pre-
valence of the species, and therefore it is a reliable statistic in 
the comparison of models. Some studies have demonstrated 
that AUC does not decrease with increasing species prevalen-
ce47. Among the advantages that the AUC calculation provides 
is the possibility of comparing several methods, whatever the 
type of output values, because it only needs the distributions 
of these values48.

Modeling of the spatial distribution of the vector Aedes Aegypti, transmitter of the Zika Virus in continental Ecuador by the application of GIS tools
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c) Diffuse Logic or Fuzzy Logic

The main application of Fuzzy Logic is to represent quanti-
tative values (numerical values between 0 and 1) through qua-
litative linguistic inputs, employing managing domains that are 
not within the scope of classical logic49. For Fuzzy Logic, the 
functions that are applied are the Sine and the Cosine because 
the range in which one works is between 0 and 1. The metho-
dology that fuzzy Logic manages consists of determining the 
interaction of each variable that is part of the model with the 
probability of the presence of the species within three possible 
scenarios or cases. We analyzed how the predictor variables 
react with respect to the probability of the presence of the 
species to determine which of the cases raised in the Fuzzy 
methodology will be applied (table 5).

For the land-use variable, it has not been necessary to de-
termine Fuzzy's corresponding case because previously, this 
process was performed using the Saaty method.

Once the normalization process has been applied and the 
corresponding scenarios (cases) of the fuzzy Logic have been 
identified, the value of the variables has been transformed to 
radians using the following formule:

analytical processes to conduct research and make better de-
cisions. Within this statistical package, the element of binary 
logistic regression is necessary to calculate the constant and 
the coefficients that best fit the functional expression of the 
variables. The logistic regression method is discriminant; the-
refore, it is necessary to have the needed inputs such as pre-
dictor variables, presence, and pseudo-absence data that have 
been previously generated.

To perform the corresponding statistical analyzes in the 
SPSS 23 program, it is necessary to generate a matrix with all 
the predictor variables' values already normalized according to 
the points of absence and presence. This information has been 
obtained through the ArcGis "Extract Multi Values to Points" 
tool. The type of regression that has been chosen for the cu-
rrent study has been binary logistic, because the values of the 
inputs are dichotomous, being within the range [0,1] which 
are optimally fitting this statistic to the model. Afterward, we 
configured which are the dependent and independent variables 
(covariables).

Several statistics have been obtained from the execution 
of the program that evaluates the reliability of the results, 
such as classification tables for the variables, omnibus tests, 
correlation matrix and, mainly, the coefficient table needed to 
generate the model (β0, β1, β2…. βp) , as indicated in Figure.7.

In this way, the values of the constants have been multi-
plied by each variable with the help of the ArcGis "Raster Cal-
culator" tool, following the formula of the logistic regression:

Where Y is the probability of the model.

e) Multivariate Adaptive Regression Splines (MARS)
The MARS program with other statistical products such 

as classification and regression tree (CART), TreeNet, and 
Random Forests, are all focused on elaborating predictive and 
descriptive models to analyze databases of any size and of di-
fferent complexity32,50,51. The MARS method proposes a com-
plete analysis of the variables according to the importance of 
each of them for the prediction of the event, adjusting the mo-
del not only to a predictive curve but rather dividing it into zo-

Where R is the value of the variable in radians, Xn is the 
normalized variable and V is the value of “π”or “π/2” according 
to the range corresponding to each scenario.

In order to analyze the probability of occurrence of each 
variable it has been necessary to use the following equation:

The trigonometric functions that have been used were the 
sine and the cosine because after performing the analysis of 
scenarios proposed by Fuzzy, it has been determined that the 
model has all three cases.

Finally, we averaged the probabilities of all the variables 
using the ArcGis "Raster Calculator" tool by applying the equa-
tion described below (Formula 5):

Formula 6.

Where Y is the probability of the model

d) Logistic regression
For the application of the Logistic Regression method, 

we used a statistical software called Statistical Package for 
Social Sciences (SPSS), which is very often used to perform 

Figure 7. Example of a table with coefficients of the variables.

nes (base functions) through nodes or the so-called inflection 
points, which improves the results. Like the previous models, 
the inputs needed to apply the model are the predictor varia-
bles, presence, and pseudo-absence data.

MARS generates an internal process of iterations called 
"forward" on the original predictor variables' base functions. 
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Subsequently, the program will discard those that least fit the 
model through another process called "backward", which con-
verts the original variable X into a new variable defined as: max 
(0, X-c) or max (c-X), where c is the threshold established by 
the nodes, as shown below.

  
BF2 = max( 0, 0.416 - [bio_15n])
 
BF3 = max( 0, [flooding _n] - 0.015118)
 
BF4 = max( 0, 0.015118 - [flooding_n])
 
BF5 = max( 0, [poverty_n] - 0.723404)
 
BF6 = max( 0, 0.723404 - [pobreza_n])
 
BF7 = max( 0, [populated_n] - 0.392163)
 
BF8 = max( 0, 0.392163 - [populated _n])
 
BF9 = max( 0, [bio_8n] + 5.96046e-008) 

BF11 = max( 0, 0.72619 - [bio_5n])
 
BF12 = max( 0, [bio_12n] - 0.863209)
 
BF14 = max( 0, [bio_2n] - 0.764706)

Finally, MARS creates a final predictive equation that is 
defined by the generated base functions, which in turn are 
multiplied by the coefficients that best fit the model, by using 
the ArcGis "Raster Calculator" tool.

Where Y is the probability of the model.

Standard Deviation and Adjustment of Models
The standard deviation is a set of data or a measure of 

dispersion that indicates how far the obtained values may be 
moved away from the average. That means that this statis-
tic's importance is based on the probability that an event will 
occur or not. The values of the standard deviations of the mo-
dels applied have been described in Table 6 in addition to their 
maximum, minimum, and arithmetic mean values.

The adjustment has been conducted on the previously 
normalized final models within a range of [0,1], depending on 
the standard deviation, applying the following equation:

N = Measured Value – Calculated Value       (4)

Where N is the adjustment value, the Measured Value is 
the maximum value at which the models could arrive, that is 
to say, "1" (probability of presence), and the Calculated Value 
is the value of the standard deviation of the averages of proba-
bilities of the different models.

Table 7 lists the standard deviations of the models and the 
adjustment made to each of them.

Table 5. Analisis of the variables.

Formula 7.
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Results
To select the model with a more excellent predictive per-

formance of the spatial distribution of the vector Aedes aegypti 
within the Ecuadorian mainland, several analyzes and compa-
risons have been performed, both statistics and graphs of the 
four applied models.

a) Analysis of the adjustment of the models
By analyzing the adjustment of the previously normalized 

models (Table 8), it has been observed that the MARS method 
with an adjustment of 0.894 has been the closest to the value 
of one, demonstrating a low dispersion of its data concerning 
the mean, which means that the prediction has been signifi-
cant. Next are the methods of Maxent and Fuzzy Logic with 
adjusted values within an acceptable range of 0.821 and 0.737, 
respectively. Finally, the logistic regression method with the 
adjusted value of 0.653, describes a low predictive performan-
ce.

b) Analysis of the AUC Curve of the models
The predictive capacity of the models has been validated 

by the AUC statistical analysis from the ROC curve, whose 
main function has been to calculate the sensitivity and speci-
ficity of the values of the occurrences of the species by inter-
secting the presences with the layers (raster) of each of the 
obtained models. The ROC curve has been based on the union 
of different cutting points, corresponding on the Y-axis to the 
"sensitivity" and the X-axis to the "1-specificity". The two axes 
contain values between 0 and 1 (0% to 100%), while the con-
fidence interval that has been used for the analysis has been 
of about 95%.

The graphs of the ROC curves have been superimposed 
in Figure 9, illustrating satisfactory predictive results> 0.9 
of the AUC in all models, which means that within the con-
fusion matrix environment, there have been predictions with 
authentic presences and true absences. However, the model 

that has been closest to "1" is the Maxent Model (Figure.8a) 
with a value of AUC = 0.998. Then the MARS Model (Figure.8d) 
with a value of AUC = 0.996 and finally with a similar value 
the models of Fuzzy Logic (Figure.8b) and Logistic Regression 
(Figure.8c) of AUC = 0.986.

c) Graphic Analysis of the models
As a result of the comparison of the used models for the 

prediction of the spatial distribution of the Aedes aegypti vec-
tor, it has been evidenced that both the Maxent models (Fi-
gure.10a) and the Fuzzy Logic models (Figure.10b) conform 
to the real distribution of the vector because the areas most 
likely predicted by these models have been close to the points 
of presence. Additionally, these zones must meet the zones 
with biological parameters essential for the survival of the 
vector such as low altitudes, being not higher than 1600 me-
ters above sea level, and distances to population centers that 
do not exceed 4000 meters since the females need to have 
enough blood as a source of proteins to multiply for the pro-
duction of their eggs. The models of Logistic Regression (Figu-
re.10c) and MARS (Figure.10d) predict a high probability of the 
vector's presence in almost the entire coastal region without 
discriminating zones where absences may exist due to clima-
tic, topographic, and other factors.

d) Logistic Regression Model
After having performed several analyzes and compari-

sons, both statistics and graphs of the four applied models in 
the present investigation, we concluded that the Maxent mo-
del has a better predictive performance of the spatial distri-
bution of the vector Aedes aegypti, since it represents a satis-
factory performance in the analysis of ROC curve, with a value 
AUC = 0.998, and with an adjustment of the standard deviation 
0.821390 (Table 8), only below the MARS model. In addition, it 
visually describes the areas with the most significant probabi-
lity of the vector, which conveniently resembles reality accor-
ding to the present data and the predictor variables.

Table 6. Standard Deviation of Models.

Table 7. Adjustment of the Models.

Table 8. Analysis of the Adjustment of the Models.
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Discussion

Methods used
Maxent has been established as the model with the hi-

ghest predictive performance after several statistical valida-
tions. Besides, it visually describes the zones with the highest 
probability of the vector's presence, which also resembles the 
vector's real distribution according to the present data and the 
predictor variables. The Fuzzy or Fuzzy Logic methodology de-
termines quite good predictions with a predictive performance 
scarcely inferior to the Maxent method, which constructs its 
model based on the generation of background due to the ne-

cessity that its algorithm requires, sometimes causing an over 
the adjustment of the model. Unlike Fuzzy, which makes its 
predictions based on the predictor variables, presence, pseu-
do-absence data, and improvement if the model will include 
absence data sampled in the field. The logistic regression 
methods and MARS registered good values in the statistical 
analyzes. However, graphically they register a high probability 
of the vector in almost all the coastal regions without discrimi-
nating zones in which there could be absences of the same due 
to climatic, topographic factors, among others.

Delimitation of suitable zones for the presence of the 
vector

The estimation of the areas with the highest probability of 

Figure 8. Analysis of the ROC Curve, a) Model Maxent; b) Fuzzy Logic Model; c) Logistic Regression Model; d) MARS model 
(4.1-4.4)

Figure 9. Analysis of the ROC Curve of all four models.
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Figure 10. Distribution of Aedes aegypti: A) Model Maxent; B) Fuzzy Logic Model; C) Logistic Regression Model; D) MARS model.

Figure 11. Probability Histogram.

the presence of the Aedes aegypti vector has been determined 
by analyzing their frequency within the study area, resulting in 
the histogram of Figure 11. It illustrates that the lowest num-
ber of frequencies is in a range of (0-30%) with only 4 presen-
ces, an intermediate frequency with a value of 18 presences in 
a range of (30-60%) and half of the presence data with a value 
of 22 in the range of (60-100%). 

Figure 12 graphically illustrates the range of probabilities 
that have been previously determined, which clearly shows 
that the coastal region is the most suitable for the vector's 
existence. 

According to the frequency analysis of the vector within 
the study area that has been previously performed, it has been 
estimated that the zones with the highest probability of the 
presence of the vector are within the range (60-100%) that is 
proportional to the epidemiological risk. Subsequently, only 
areas with a high probability of the presence of the vector have 
been reclassified, as documented in Figure 13.

The ideal zones for the Aedes aegypti vector's presence 
cover an area of 7806 km2, representing 3.15% of the territory 
of the Ecuadorian mainland. This area is divided into 16 pro-
vinces (111 cantons). There is a high presence in the coastal 
region in important localities such as Guayaquil, Machala, Ba-
bahoyo, Portoviejo, Salinas, and others, a low presence in the 
Amazon region and absence entirely in the Highlands region 
(Table 9).

Characterization of the areas with the highest 
epidemiological risk

There are several zones along the Ecuadorian coast that 
have been suitable for the characterization of epidemiological 
risk, as the probability of the vector's presence is very high. 
However, the provinces of Manabí and El Oro have been consi-
dered for this study because more than 15% of their territorial 
areas have been exposed to a vector's possible spatial distri-
bution. The province of Manabí has 22 cantons, of which 21 
determine a possible presence of the vector, while the province 
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Figure 12. Probabilities of the presence of the vector Aedes 
aegypti.

Figure 13. Suitable areas for the presence of vector Aedes 
aegypti.

Figure 14. Manabí province with suitable areas for the pre-
sence of vector Aedes aegypti.

Figure 15. El Oro province with suitable areas for the presen-
ce of vector Aedes aegypti.

of El Oro has a territorial expansion on a smaller scale compa-
red to Manabí, with 14 cantons of which all show the presence 
of the vector. 

The province of Manabi has about 18,400 km², about 
1.369.780 inhabitants, with a poverty rate of about 39.8%. 
The precipitation has a range of 500 to 1000 mm per year, an 
average temperature of 25°C, and a dry subtropical climate to 
tropical humid. Manabí has approximately 350 km of maritime 
coastline, with important geographical and climate features52. 
Certain areas of the province are predisposed to flooding in the 
winter seasons with higher rainfall53,54. There is a predominan-
ce of 51.3% cultivated pastures representing little more than 
half of the used provincial area. The mountains and forests 
with 21.5% and the permanent crops with 13.2% added to the 

grassland areas document the existence of protected areas 
and areas suitable for livestock55. The most extensive parts of 
the province have high deficit rates in essential residential ser-
vices (water, wastewater disposal, electricity supply) with 80% 
and 61.20%, respectively54.

The province of El Oro, has an area of about 5767 km², 
about 648,316 inhabitants with a poverty rate of about 23.4%. 
The precipitation has a range of 200 to 1500 mm per year, an 
average temperature of 25°C and a dry coastal climate, tro-
pical Savanna, and rainy winters. This province is divided into 
two areas, to the northwest, the foothills that descend to the 
Gulf of Guayaquil are the plains, where banana is grown, and 
the southeast mountainous area that is crossed by the Wes-
tern Cordillera of the Andes, where the temperature decrea-
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ses according to the height54. The area of land occupied by 
agricultural activity is 457,025 ha, distributed as follows: 2.17% 
of transitory crops; 53.56% pastures (cultivable and natural); 
12.36% forests; 13.45% other uses, rest and páramos55. Some 
79% of the total population of the province is concentrated 
in the urban area, while the residual 21% remain in the rural 
area54.

Both provinces have a significant environmental and so-
cial problem where pollution and high demographic and pover-
ty rates are the most representative.

Conclusions
Maxent has been established as the model with the hi-

ghest predictive performance after several statistical vali-
dations. In addition, it visually describes the zones with the 
highest probability of the presence of the vector, which addi-
tionally resembles the real distribution of the vector according 
to the present data and the predictor variables.

The Fuzzy or Fuzzy Logic methodology determines good 
predictions with a predictive performance scarcely inferior to 
the Maxent method, which constructs its model based on the 
generation of background due to the necessity that its algori-
thm requires, sometimes causing an over the adjustment of 
the model. Unlike Fuzzy, which makes its predictions based on 
the predictor variables, presence, pseudo-absence data, and 
improvement, the model will include absence data sampled 
in the field.

The logistic regression methods and MARS registered 
good values in the statistical analyzes. However, graphically 
they register a high probability of the vector in almost all the 
coastal regions without discriminating zones in which there 
could be absences of the same due to climatic, topographic 
factors, among others.

The areas with the highest probability of the vector Ae-
des aegypti generally cover an area of 7806 km2 distributed in 
16 provinces, located almost exclusively in the coastal region. 
There, the provinces of Manabí and El Oro, due to their geogra-
phical, climatic, and even socio-economic characteristics, such 
as altitude, temperature, precipitation, and environments, as-
sociated with human life conditions, establish favorable sites 
with a greater probability of the presence of the Aedes aegypti 
vector.

The spatial distribution model of the Aedes Aegypti 
allowed the characterization of the zones with a greater pro-
bability of the presence of the vector. This way, we have been 
able to define the ecological dynamics of transmission of ZIKA, 
the evaluation of the epidemiological-economic impact, and 
the intervention strategies that should be taken before a pos-
sible epidemiological risk in Ecuador.
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Abstract: The deregulation of cell death pathways in intestinal epithelial cells could involve the pathogenesis of Inflammatory 
Bowel Diseases. An increase in apoptosis has been observed in patients who have Ulcerative Colitis. Previous experiments have 
demonstrated the efficacy of EGF in the healing of ulcerative Colitis and other gastrointestinal mucosa lesions. However, there 
are not many reports on the molecular characterization of EGF's positive effect on the gastrointestinal mucosa. This work aims to 
deepen the transcriptional changes induced by EGF in the intestinal epithelium in a colitis model in rats. Samples from the distal 
colon of an EGF-treated colitis model were collect, followed by an analysis by quantitative PCR of the mRNA of 23 genes related to 
apoptosis. 57% of the genes analyzed presented statistically significant changes in their mRNA level. Of these, two anti-apoptotic 
genes increased their mRNA level, while the genes that decreased their mRNA level were pro-apoptotic genes and genes related 
to the TNFα signal transmission path. Changes in the transcription profile of the genes analyzed could suggest a reduction of 
apoptosis, which could favor the integrity of the Intestinal Epithelium.

Key words: Animal model, apoptosis, epidermal growth factor, mRNA level, qPCR, Ulcerative Colitis.

Introduction
Inflammatory bowel disease (IBD) is a term that inclu-

des two primary forms of the chronic inflammatory intestinal 
disorder: Crohn's Disease (CD) and Ulcerative Colitis (UC), 
both of these with prevalence and incidence rates increasing 
worldwide1. IBD is considered a multifactorial disease whose 
pathogenesis is not fully deciphered. Some hypotheses propo-
se that they result from a deregulation of the intestinal barrier, 
followed by a pathological activation of the Immune System, 
leading to chronic inflammation and oxidative stress (OS) of 
the colon mucosa2.

The intestinal epithelium (IE) acts as a physical barrier 
that prevents microorganisms' passage to the lamina propria3. 
The IE is continuously being renewed, and its integrity is con-
ditioned by a balance between the formation of new intestinal 
epithelial cells (IEC) and senescent IEC's death. On the one 
hand, the intestinal stem cells (ISC) resident in the crypt of 
the intestinal epithelium proliferate and differentiate, giving 
rise to the adult cells that make up the IE, and at the same 
time, there is cell death and detachment of the IEC that occurs 
predominantly at the tip of the villi in the Small Intestine or on 
the luminal surface of the Large Intestine4.

An increase in cell death in the IE is sufficient to cause 
intestinal inflammation in the animal model, suggesting that 
deregulation of cell death pathways in IEC might be involved in 
IBD's pathogenesis5,6. In correspondence with this hypothesis, 
many apoptotic bodies have been found in biopsies taken from 
patients suffering from active UC7.

In mammalian cells, apoptosis is activated by two pa-
thways, intrinsic or mitochondrial and extrinsic or recep-
tor-mediated8,9.

Proteins of the BcL2 family control the mitochondrial 
pathway. There are 2 groups of genes within this family. The 
pro-apoptotic proteins promote apoptogenic factors, such as 
cytochrome C protein, from the intermembrane space of the 
mitochondrion into the cytoplasm, triggering apoptosis. The 
anti-apoptotic proteins block the release of cytochrome C, 
avoiding apoptosis8.

Cell death receptors mediate the external pathway. One 
of the best-studied models is the TNFR1 (TNFα receptor 1); 
the receptor's union with its ligand initiates a signaling pa-
thway that can lead to inflammation or apoptosis. This route 
begins with the recruitment of TRADD (TNF Receptor –asso-
ciated death domain) and RIPK1 (Interacting Kinase Receptor 
1) adapter proteins, which form a membrane-bound complex. 
CIAPs 1 and 2 (cellular inhibitor of apoptosis1 and 2) and 
TRAF2 or 5 (TNF receptor-associated factor 2 or 5) prote-
ins bind to this complex and polyubiquitinate RIPK1, forming 
the Complex I that activates the NFKB transcriptional factor, 
which leads to inflammation and survival. On the contrary, 
TNFAIP3 (Tumor necrosis factor-alpha-induced protein 3, also 
known as A20) and CYLD (Cylindromatosis) remove the RIPK 
ubiquitin tail. The non-ubiquitinate RPK1 bind to FADD (Fas-as-
sociated death domain) and procaspase 8, forming complex II 
that promotes the activation of apoptosis9,10.

Epidermal Growth Factor (EGF) in enemas has been used 
successfully in the treatment of distal UC. The healing effect 
of the EGF in gastrointestinal lesions by oral route has also 
been demonstrated, but in none of the cases the molecular 
characterization of the effects of the EGF in the gastrointes-
tinal mucosa has been deepened, and the mechanism that 
mediates these positive effects of the EGF in UC is not fully 
clarified11,12.

To explore the mechanism of action of the healing effect 
of EGF in UC, the transcription profile of 23 genes related to 
apoptosis was evaluated in a dextran sulfate sodium salt (DSS) 
induced colitis animal model treated with human recombinant 
Epidermal Growth Factor (hrEGF) in a pellet formulation (pa-
tent: EP2533758B1).

Although gene expression can be controlled at various 
levels, it is widely accepted that it generally happens in DNA 
transcription, and evidence of the degree of a gene's transcrip-
tion can be observed by measuring the quantity of messenger 
RNA corresponding to the gene's DNA13,14. To study gene trans-
cription variation, real-time PCR is routinely used in molecular 

mRNA level of genes related to apoptosis in a colitis model in rats treated 
with epidermal growth factor
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biology to amplify products transcribed from messenger RNA. 
Quantification of such variation may be relative (based on tar-
get gene transcription relative to that of a reference gene (RG)) 
or absolute (based on an internal or external calibration cur-
ve). With relative quantification, RNA transcription change is 
shown as the factor of regulation between two sample groups 
using normalization. This process compares the degree of 
transcription of the genes being studied with two or more RG 
that have unchanging transcription levels, regardless of cell 
type and treatment being investigated15.

Materials and methods 

Experimental design
The bio model of DSS-induced Colitis in rats was perfor-

med as reported in the literature, following the recommen-
dations implemented in the guide for the use and care of la-
boratory animals.16,17 Briefly, the experiment consisted of 2 
phases. In the first phase, Colitis was induced in all groups (ex-
cept group I), by administering 8% DSS in drinking water, ad li-
bitum. In a second phase, the DSS administration was interrup-
ted, and the treatment was applied orally with pellet-placebo 
or pellet-hrEGF in different doses, depending on the group. 
Biopsies for histopathological evaluation were taken after 5 
days of DSS administration in group II and its control group 
(group I). In groups III, IV, V, and VI treated with pellet-rhEGF or 
pellet-placebo, samples were taken after 7 days of treatment. 
Additionally, in treated groups, samples for RNA extraction 
were also collected.

Male Wistar rats weighing approximately 300-400gr were 
used. Animals were randomly assigned to the following expe-
rimental groups:

Group I: Healthy animals. Five animals were sacrificed on 
day 6 to obtain excisional biopsies of the distal colon.

Group II: Bio model of Colitis induced with 8% DSS for 6 
days. Untreated animals, 5 animals were sacrificed on day 6 to 
obtain excisional biopsies of the distal colon.

Group III: Bio model of Colitis induced with 8% DSS for 6 
days. Afterward, animals were treated with pellet-placebo for 
7 days, 5 animals were sacrificed on day 14 to obtain the distal 
colon's excisional biopsies.

Group IV: Biomodel of Colitis induced with 8% DSS for 6 
days. Afterward, animal were treated with pellet-hrEGF 125 
μg / capsule / day was administered for 7 days and 5 animals 
were sacrificed on day 14 to obtain excicional biopsies of distal 
colon.

Group V: Biomodel of Colitis induced with 8% DSS for 6 
days. Afterward, animal were treated with hrEGF 250 μg / 
capsule/day was administered for 7 days, and 5 animals were 
sacrificed on day 14 to obtain excisional biopsies of the distal 
colon.

Group VI: Bio model of Colitis induced with 8% DSS for 6 
days. Afterward, animals were treated with- hrEGF 500 μg / 
capsule/day was administered for 7 days, and 5 animals were 
sacrificed on day 14 to obtain excisional biopsies of the distal 
colon.

RNA extraction
Colon biopsies for RNA extraction were stored in Am-

bionRNAlater (AppliedBiosystems, USA) at −20°C until used. 
Fragments of approximately 30 mg of colon samples were 
processed in the Tissue Lyser equipment (Qiagen, Hilden, Ger-
many), and the total RNA was purified with the RNeasy® Plus 

reagent kit (QIAGEN GmbH, Germany) using the Qiacube plat-
form. RNA performance and quality were determined with the 
NanoDrop spectrophotometer (NanoDrop Technologies, USA) 
and the Bioanalyzer Bioanalyzer (Agilent, 2100, USA).

Synthesis of the complementary DNA chain
The complementary DNA (cDNA) chain was synthesized 

from 1 µg of total RNA, using the Superscript III First-Strand 
Synthesis Supermix for RT-PCR reagent kit (Invitrogen Tech-
nologies, Carlsbad, California, USA), according to manufactu-
rer instructions.

A)    Verification of the absence of genomic DNA (gDNA) 
in the cDNAs by quantitative PCR (qPCR)

Two reactions were performed: one using the cDNAs, 
diluted 1:10, and the other one with the corresponding RNAs 
diluted to an equivalent concentration. The same reaction 
conditions were followed in 20 µL as described in the qPCR 
section. The primers used in this case amplify a segment of 
the gene that encodes the protein Catalase (CAT) (table1). Two 
technical replicas were used for each condition (RNA or cDNA) 
in each sample. The difference between the Ct (ΔCt), from the 
average Ct of the RNAs amplification, replicates, and the ave-
rage Ct of the cDNAs amplification replicates were calculated.

B) Verification by qPCR of the absence of inhibitors in the 
cDNAs

The qPCRs were performed for the amplification of a 
calibrator (pGEM-T Vector), using specific primers. The re-
action was prepared in a final volume of 20 µL, with 2 µL of 
cDNA(1:25) or H2O, and 18 µL of a mix, containg10 µL of Light-
Cycler  480 SYBR Green I Master 2x, 8 µL of pGEM-T Vector 
primer mix(300nM final concentration) and pGEM®-T Vector 
(2,56 x103 copies per reaction). Negative control reactions 
were prepared in the same condition, but without adding the 
pGEM-T Vector.

qPCR and Bioinformatic tool
The Primer3 website application was used to design the 

qPCR primers with a size of 22 bases, TM= 62 oC, and an ave-
rage G + C content of 50% (Table 1)18.

To determine the RG, the geNorm program was used19. 
The housekeeping genes (HSKG) evaluated were: PPIA, 
MAPK6, MAP2k5, GAPDH YWHAZ, and RPL13A.

The LingReg program (version 11.3, 2009, Amsterdam, 
Netherlands) was used to estimate the efficiency of qPCR

The qPCR reactions were prepared in a volume of 20 µl, 
containing 10 µl of the PCR TM Absolute QPCR SYBR Green 
(Thermo Scientific), 6 µl of primers (70 nM), and 4 µl of cDNA 
(diluted in a factor of 25).

The reactions were incubated at 95 ° C for 15 min, fo-
llowed by 40 cycles of 95 ° C for 15 s, 60 ° C for 30 s and 72 ° 
C for 30 s. On the CapitalBio RT-Cycler001 equipment (Capi-
talBio Co., Ltd., Beijing, China) and qPCR data analysis was per-
formed using the CapitalBio RT-Cycler Version 2.001 program 
(CapitalBio Co., Ltd., Beijing, China).

In all cases, qPCR used 3 technical replicas for each bio-
logical replica. A total of 23 genes related to apoptosis were 
evaluated. (Table 1)

The mRNA transcription ratios were calculated using 
the statistical model "Pair Wise Fixed Reallocation Randomi-
sation Test" implemented in the REST software 2009 v2.0.13 
program (Qiagen GmbH, Germany), according to a report by 
PtaffI et al.; in 2002. For up-regulation, the factor of regulation 
is equal to the given value in the Randomisation results. In the 
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case of down-regulation, the regulation factor is illustrated as 
(-1/factor of regulation). Statistically significant changes were 
considered those associated with a p-value of less than 0.0515.

Results and Discussion

Characterization of DSS-induced Colitis in rats and the 
histological improvement induced by rhEGF treatment

During treatment with 8% DSS, rats in all groups, except 
those in group I (colitis control group), experienced clinical sig-
ns indicating the presence of Colitis such as diarrhea, rectal 
bleeding, and weight loss (manuscript in preparation).

After sacrificing the animals, the total histopathological 
score(THS) of mucosa damage was calculated, as previously 
described, to confirm that the colitis model was established 
and secondly: the effect of Pellet-rhEGF on the colonic IE20.

When comparing THS between group II vs group I, an in-
crease in histological damage was detected, confirming the 
colitis model's reproduction, comparing groups IV, V, and VI 
(treated with different doses of rhEGF) vs. group III (treated 
with placebo), shows the effect of rhEGF, at different doses, on 
the colon mucosa damage. Group IV (dose of 125μg / capsule/
day) did not present significant THS differences concerning 
group III. However, Groups V and VI (doses of 250 and 500 μg 
/ capsule/day, respectively) did show a significant decrease in 
histological damage, concerning group III, indicating an impro-
vement of the colon mucosa damage. Additionally, no signi-

ficant differences were observed between the doses of 250 
and 500 μg / capsule/day; therefore, both groups were united 
to determine the differential transcription profile of genes be-
tween the treated group responding to pellet-rhEGF vs. the 
placebo group21.

Diferential transcription study
Differential transcription studies by qPCR require a rigo-

rous control in each step of the process, such as the Quality 
Control of the extracted RNA sand of the synthesized cDNAs, 
as well as a normalization of the qPCR with RG that ensures 
that the variation of the levels of mRNA found to respond to 
real variations in transcription induced by EGF and are not ar-
tifacts due to errors made in the workflow. The results of each 
of these controls are described below:

Quality Control of total RNA purified from distal colon 
samples

The concentration obtained was in all RNAs greater than 
100 ng / µL. The OD 260/280 ratio (protein contamination) 
was within the established parameters (1.7-2.2). The samples' 
quality was also examined by microcapillary electrophoresis, 
whose program established by the Agilent company includes 
the calculation of the RNA integrity number (RIN). A RIN value 
greater than 7 was obtained in all RNAs, indicating that they 
can be used in a qPCR22. (table 2, fig.1 supplementary)

Table 1. Sequence of primers used in the qPCR analysis.
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Quality control of cDNA obtained from total RNAs
To standardize qPCR's initial conditions, it is necessary to 

determine several parameters such as the absence of gDNA 
and qPCR inhibitors in the synthesized cDNAs.

A)    Verification of absence of gDNA in samples of 
complementary DNA by qPCR

To verify that the cDNAs met this condition, qPCRs were 
performed with both RNAs extractions and their correspon-
ding cDNAs, using a set of primers that amplifies a segment 
of CAT gene. Hybridization of these primers in the same exon 
of CAT gene makes it possible to efficiently amplify the gene, 
both in the cDNA samples and the contaminating gDNA, if it 
exists, obtaining in both cases a product with the same ampli-
fication profile. The modular value of the ΔCt was more than 
7 in all cases, which ensures that the gDNA if it exists, will not 
interfere with the Qpcr23. (table 3, supplementary).

B) Verification by qPCR of the absence of inhibitors in the 
cDNAs

To verify the absence of inhibitors in the cDNA samples, 
qPCRs were performed using a calibrator. The amplification 
of this calibrator is produced with high efficiency and repro-

ducibility of the Ct values. Therefore, a decrease in the qPCR 
Ct of the calibrator "contaminated" with cDNA would indicate 
inhibitors' presence.

The modular value of ΔCt of the reactions containing 
cDNA (amplification reaction of the pGEM®-T Vector "conta-
minated" with cDNA) and those containing H2O (amplification 
reaction of the pGEM®-T Vector "not contaminated") is less 
than 1 in all cases (table 4, supplementary). Therefore, it can 
be stated that there is no presence of inhibitors in any of the 
analyzed cDNAs23.

Selection of RG
The mean expression stability values (M) of an RG must 

be less than 1.5 for its expression could be considered stable19. 
The six HKGs evaluated showed M values less than 0.78. The 
3 most stable genes (GAPDH, MAPK6, and MAP2K5) were se-
lected as RGs.16 (fig. 2 supplementary)

Figure 2. Graphic of the stability analysis in the expression 
of the HKGs. The most stable genes are located to the right.

Transcription profile
As explained in materials and methods, the mRNA trans-

cription ratios were calculated using the statistical model "Pair 

Figure 1. Capillary electrophoresis of total RNA obtained from distal colon tissue. First lane: molecular weight standard (MW 
ladder). The remaining lanes show the bands corresponding to the 28S and 18S rRNA subunits (retention times of 48 s and 43 
s, approximately) of the total RNA of the samples. A) Total RNA from samples: 174, 177, 180, 183, and 186 (Group III). B) Total 
RNA from samples: 204, 207, 210, 213, 216, 219, 222, 225, 228 and 231 (Groups V and VI).

Table 2. Results of the quality control of 
the total RNA extraction. The observed 
values correspond, from left to right, to: 
identification number of the samples, the 
concentration in ng / µL, the OD 260/280, 
260/230 ratio and the RIN value (RNA inte-
grity) of each one. of the samples. * means 
that for their total amount of RNA, they 
were depleted in previous studies.
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Wise Fixed Reallocation Randomisation Test" implemented in 
REST software. REST© allows a comparison of target genes 
with reference genes in two experimental groups. Relative 
quantification of a target transcript is based on the mean CP 
deviation of control and sample group, normalized by a refe-
rence transcript.

The Randomisation test is a useful alternative to standard 
parametric tests for analyzing the experimental data. It's re-
sults allow us to determine if the specific mRNA in the sample 
group in comparison with the control group is up- or down-re-
gulated and illustrates the factor of regulation and if this up- or 
down-regulation is significantly different or not24.

In the comparison of transcription profile found in EGF 
treated rats that respond to EGF (Group V + VI) vs. placebo 
(group III), the following change was observed:

Of the genes analyzed (Table 1), nine pro-apoptotic genes 
showed a statistically significant decrease in mRNA level in-
cluding, both those related to mitochondrial apoptosis: BAD 
(Bcl2-associated death promoter), BAX (Bcl2-associated X 
protein), BAK (BCL2-antagonist / killer 1), BCL211 (BCL2 like 
11, also known as BIM), BIK (Bcl-2-interacting killer), BID (BH3 
interacting domain death agonist,), NOXA (NADPH oxidase ac-
tivator), as with external apoptosis: A20 and CYLD (fig.3).

Figure 3. mRNA regulation factor in colon biopsies of 
apoptosis related genes evaluated by qPCR. Data are repre-
sented as regulation factor of mRNA level of animal model 
treated with pellet-hrEGF vs animal model treated with pe-
llets-placebo (normalized with the selected RGs), obtained 
with a Pair Wise Fixed Reallocation Randomization Test im-
plemented in REST software 2009 v2.0.13 (Qiagen GmbH, 
Germany). For up-regulation, the factor of regulation is equal 
to the given value in the Randomization results. In the case 
of down-regulation, the regulation factor is illustrated as (-1/
factor of regulation). * mean statistically significant variations 
in mRNA levels

The balance between pro-apoptotic and anti-apoptotic 
proteins is what determines whether mitochondrial apoptosis 
occurs or not. The decrease mRNA level of 7 pro-apoptotic 

Table 3. Check for absence of gDNA by qPCR. The Ct values 
correspond to the amplification from the cDNA or from the 
total RNAs (diluted to a concentration equivalent to that pre-
sent in the cDNAs) of each sample. The ΔCt are the differen-
ce between the average Ct obtained from the replications of 
the reactions prepared with RNA and the average Ct resulting 
from the replications of the reactions prepared with RNA with 
the corresponding cDNAs.

Table 4. Values of Ct and ΔCt, obtained in the check of inhibitors by qPCR. In column three: the average Ct values of the positive 
control "contaminated" with the samples and the calibrator. In column four: Modular value of the difference in average Ct of the 
positive control and the control "contaminated" with the cDNAs (ΔCt = Ɩ (Ct (calibrator) -Ct (calibrator cDNA) Ɩ).
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genes of mitochondrial apoptosis might suggest a shift in the 
balance of apoptosis regulation, favoring the decrease in mito-
chondrial apoptosis25,26.

The RPK1 protein acts at the crossing of the pathways 
towards apoptosis or inflammation. Its degree of ubiquitina-
tion determines whether inflammation or apoptosis takes pla-
ce. The non-ubiquitinate form induces apoptosis9,10. Therefore, 
the decrease in the TNFAIP3 and CYLD genes that code for 
enzymes that remove the ubiquitin tail from RIPK1 suggests 
a decrease in external apoptosis. Likewise, the statistically 
significant decrease of the TNFR1 and RPK1 genes involved 
in transmitting the TNFα signal argue for a decrease in both 
inflammation and external apoptosis.

The significant increase of the mRNA level of XIAP 
(X-linked apoptosis inhibitor) and BIRC5 (baculoviral inhibitor 
of repeat-containing apoptosis 5, also known as survivin), could 
also contribute to a reduction of apoptosis. Proteins codes by 
these anti-apoptotic genes can inhibit the catalytic activity of 
the effector caspases 3, 7 and the initiator caspase 9 (fig. 3)27,28.

Healing of the intestinal mucosa is a marker of remission 
and a predictor of long-term positive IBD results29. Despite 
this, medications currently approved for the treatment of IBD 
can inhibit the repair of the IE ulcers30. The development of 
biological therapies such as growth factors that accelerate 
the healing process of ulcers of the intestinal epithelium, then 
constitute an attractive therapeutic objective. On the other 
hand, growth factors have been associated with cancer, and 
this has caused concern that its use could increase the risk of 
Colitis associated cancer(CAC), which has limited the progress 
of UC therapy with the EGF31. It is also reported that decreased 
apoptosis is an essential mechanism in carcinogenesis and the 
cancer resistance to chemotherapy32.

However, the main mechanism that links inflammation 
to preneoplastic genetic alterations is the chronic OS, which 
constitutes a constant danger of damage to the IE, causing 
mutations in DNA as well as damage to cellular proteins and 
lipids33. Consequently, it has been shown that direct or indirect 
inhibition of OS avoid DNA damage and decreases the develo-
pment of intestinal tumors34.

A group of genes associated with the development of 
CAC, such as cytokines: IL-6, IL-1b, TNFα, and transcription 
factors NFKB and STAT3, are reported34. Our group has re-
cently reported that these genes, as well as other genes asso-
ciated with inflammation and OS, significantly decrease their 
transcription in colon biopsies of this colitis model treated with 
hrEGF21. Therefore, a decrease in IEC apoptosis, far from assu-
ming an increased risk of CAC, could reduce this cancer risk. 
This is consistent with other studies in animals that indicate 
that activating the EGF pathway could reduce CAC's long-
term risk in UC35. All these changes in the transcription profile 
of the analyzed genes could suggest a decrease of apoptosis in 
the IEC, which could favor IE's integrity and, therefore, reduce 
inflammation, supporting the use of EGF for the treatment of 
UC in its initial stage. (Fig. 4)

Figure 4. Scheme on the effect in apoptosis of hrEGF in 
the treatment of ulcerative Colitis in an induced model in rats 
with DSS.

Despite these results observed in a model of Colitis in rats, 
for the use in humans of therapies of this type, it would always 
be necessary to deepen the question of drug biosecurity.

A limitation of this gene transcription analysis in this study 
in experimental Colitis is that at the moment, the results of 
proteomics studies that support these results are not avai-
lable. Despite this, our results constitute a snapshot of the  
EGF-induced transcriptional activity in genes related to apop-
tosis.

Conclusions
In this colitis model in rats, hrEGF induces the IEC a de-

crease in the mRNA level of pro-apoptotic genes and an in-
crease in the mRNA level of anti-apoptotic genes. This could 
reduce apoptosis in the intestinal epithelium, favoring the hea-
ling of typical colitis ulcers. The previous mechanism could at 
least partly explain the previous reports of the positive effect 
of EGF in ulcerative colitis therapy.
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Exploración de la actividad antibacteriana de Metformina frente a Escherichia coli, Staphylococcus aureus y Pseudomonas aeruginosa
Exploration of the antibacterial activity of Metformin against Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa

Exploración de la actividad antibacteriana de Metformina frente a Escherichia 
coli, Staphylococcus aureus y Pseudomonas aeruginosa
Exploration of the antibacterial activity of Metformin against Escherichia coli, Staphylococcus 
aureus and Pseudomonas aeruginosa

Pool Marcos-Carbajal1,2, Christian Allca-Muñoz2,3, Ángel Urbano-Niño2, Alberto Salazar-Granara2,4 DOI. 10.21931/RB/2020.05.04.9
Resumen: El objetivo del estudio es determinar la actividad antibacteriana de Metformina frente a Escherichia coli, Staphylococcus 
aureus y Pseudomonas aeruginosa. Se evaluó la actividad antibacteriana mediante la técnica de Kirby Bauer. Se utilizó cepas de 
Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 25923) y Pseudomonas aeruginosa (ATCC 27853), las cuales se 
expusieron a Metformina en concentraciones de 250 mg y 500 mg, Ciprofloxacino (CIP) 5 µg, Imipenem (IPM) 10 µg, y Cefoxitin 
(FOX) 30 µg. Frente a Escherichia coli, Staphylococcus aureus y Pseudomonas aeruginosa se presentó un halo de inhibición de 6 
mm. para Metformina 250 mg, 6 mm. para Metformina 500 mg, y un halo de inhibición >25 mm. con el uso de Ciprofloxacino 5 
µg, Cefoxitin 30 µg, e Imipenem 10 µg respectivamente. En conclusion, In vitro Metformina a dosis de 250 y 500 mg, no presentó 
efecto antibacteriano frente a Escherichia coli, Staphylococcus aureus y Pseudomonas aeruginosa.

Palabras clave: Antibacterianos, Metformina, prueba de sensibilidad microbiana.

Abstract: The aim of this study was to determine the antibacterial activity of Metformin against Escherichia coli, Staphylococcus 
aureus, and Pseudomonas aeruginosa. Antibacterial activity was evaluated using the Kirby Bauer technique. Strains of Escherichia 
coli (ATCC 25922), Staphylococcus aureus (ATCC 25923), and Pseudomonas aeruginosa (ATCC 27853) were used, which were 
exposed to Metformin at a concentration of 250 mg and 500 mg, Ciprofloxacin (CIP) 5 µg, Imipenem (IPM) 10 µg, and Cefoxitin (FOX) 
30 µg. Regarding Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa, an inhibition halo of 6 mm was presented 
for Metformin 250 mg, 6 mm. for Metformin 500 mg, and an inhibition halo> 25 mm. with the use of Ciprofloxacin 5 µg, Cefoxitin 
30 µg, and Imipenem 10 µg respectively. In conclusion, in vitro, Metformin at doses of 250 and 500 mg had no antibacterial effect 
against Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa.

Key words: Antibacterial, metformin, microbial sensitivity test.

RESEARCH / INVESTIGACIÓN

Introducción
Uno de los grandes descubrimientos del siglo XIX fue la 

terapia antibacteriana descubierta por Alexander Fleming en 
el año 19281. Así es como se iniciaría su uso en la clínica para 
diferentes intervenciones importantes para evitar enferme-
dades infecciosas. Sin embargo, aún en el siglo XXI muchas 
de estas enfermedades infecciosas siguen siendo causa de 
muerte en el mundo2. Para el 2016 se identificó que las en-
fermedades infecciosas respiratorias encabezan la lista como 
la enfermedad transmisible con mayor letalidad en el mundo, 
seguida por enfermedades diarreicas3.

En el campo de los antibióticos, con la aparición de la re-
sistencia a la actualidad, este representa un problema clínico 
considerable, debido a que las bacterias desarrollan la capaci-
dad para sobrevivir en concentraciones de antibiótico que inhi-
ben/matan a otras de la misma especie4. Capacidades como 
la resistencia a β-lactámicos en las bacterias Gram-negativos 
por la producción de β-lactamasas, y Gram-positivos desarro-
llaron resistencia por medio de modificaciones al sitio de ac-
ción de Proteínas Fijadoras de Penicilina (PBP)5.

Hoy en día una gran mayoría de cepas de Staphylococcus 
aureus han desarrollado resistencia a la Meticilina, en España 
cerca del 25% de los aislamientos de hemocultivos presentan 
resistencia. Asimismo, Pseudomonas aeruginosa ha adquirido 
resistencia a una amplia gama de antibióticos como Piperacilina, 
Tazobactam, fluoroquinolonas, aminoglucósidos, entre otros6.

Para el año 2017 patógenos como Enterobacterias y Pseu-
domonas aeruginosa fueron clasificadas en el nivel de priori-
dad crítico para la búsqueda de nuevas drogas antibacterianas, 
al igual con Staphylococcus aureus, Helicobacter pylori, Cam-
pylobacter, Salmonella y Neisseria gonorrhoeae con un nivel 
de prioridad alto7.

Todo esto resulta un grave problema, debido a que las in-
dustrias farmacéuticas poco a poco van dejando los proyec-
tos propuestos como el desarrollo de nuevos fármacos contra 
bacterias resistentes o le dedican una escasa cantidad de re-
cursos a la investigación de nuevos antibióticos. Esto se debe a 
que existe una baja rentabilidad de estos fármacos en compa-
ración con otros fármacos que atacan enfermedades de mayor 
índice mundial como la diabetes8.

Actualmente, solo 5 laboratorios se dedican al estudio de 
nuevos fármacos antibacterianos9. En 1998 había en el merca-
do mundial de 20 nuevos antibióticos y en el 2011 había única-
mente 4, es decir una disminución de un 75% en la disponibili-
dad de nuevos antibióticos10. Sin embargo, la resistencia a cada 
antibiótico utilizado en la práctica clínica se ha incrementado, 
con independencia de la clase química molecular de la droga11.

Una estrategia para la búsqueda de nuevos antibióticos, es 
buscar el efecto pleiotrópico de drogas conocidas y en actual 
uso clínico terapéutico. Es el caso de la Metformina, un medi-
camento común utilizado en primera línea en el tratamiento de 

1 Universidad Peruana Unión, Escuela Profesional de Medicina Humana, Laboratorio de Investigación en Biología Molecular, Perú. 
2 Universidad San Martin de Porres, Facultad de Medicina Humana, Centro de Investigación de Medicina Tradicional y Farmacología, Perú. 
3 Universidad San Martin de Porres, Facultad de Medicina Humana, Centro de Investigación de Medicina Tradicional y Farmacología, Perú. 
4 Sociedad Peruana de Farmacología y Terapéutica Experimental - SOPFARTEX.
Corresponding author: poolmarcos@upeu.edu.pe
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la Diabetes Mellitus tipo II. Resulta interesante el antecedente 
de un estudio de medicina traslacional que prueba cómo la Me-
tformina actúa inhibiendo un factor de resistencia de Mycobac-
terium tuberculosis, proponiéndose un potencial efecto contra 
este patógeno12,13.

El propósito del presente trabajo fue investigar la acti-
vidad antibacteriana de la Metformina sobre cepas ATCC de 
Escherichia coli, Staphylococcus aureus y Pseudomonas aeru-
ginosa.

Materiales y métodos

Diseño y población de estudio
Estudio es de tipo experimental in vitro. El Estándar de 

clorhidrato de Metformina (material de referencia certificado) 
fue adquirido por la empresa Sigma-Aldrich con certificado de 
análisis (Producto número: PHR 1084) y proporcionado por el 
Centro de Investigación en Medicina Tradicional y Farmacolo-
gía). La parte microbiología fue realizada en los Laboratorios 
de Investigación en Biología Molecular de la Escuela Profe-
sional de Medicina Humana de la Universidad Peruana Unión. 
Se utilizaron cepas bacterianas ATCC (American Type Culture 
Collection, Microbiologics, St. Cloud, Minnesota USA) Escheri-
chia coli 25922, Staphylococcus aureus 25923 y Pseudomonas 
aeruginosa 27853. Se utilizó los siguientes discos de antibióti-
cos (Bioanalyse, İvedik Osb/Yenimahalle, Turquía), Ciprofloxa-
cino (CIP) 5 µg, Imipenem (IPM) 10 µg y Cefoxitin (FOX) 30 µg.

Resuspensión del Estándar de Metformina
Se pesó con precisión 12.5 mg y 25 mg de Metformina 

(fármaco crudo) y se disolvieron en 0,5 ml de metanol para 
obtener la concentración de 250 μg / 10 μl y 500 μg / 10 μl.

Fase microbiológica
Se verificó la viabilidad de cada uno de los microorganis-

mos a ensayar, para la preparación del inóculo se partió de un 
cultivo de 18 a 24 h en ATS (Agar Tripticasa Soya) para bacte-
rias a 37°C.  A partir de estos cultivos en crecimiento activo, se 
tocan tres a cinco colonias y se resuspenden en 5 mL de solu-
ción salina estéril (NaCl 0,85%). El resultado de la suspensión 
se homogeneizó durante 15 segundos y su turbidez se ajustó 
a 0,5 de la escala Mc Farland (1.5 x 108 ufc/ml). La técnica 
está basada en el método originalmente descrito por Bauer 
et al.14. Se procedió a impregnar cada papel-disco estéril de 6 
mm de diámetro (papel filtro Whatman #4) con 10 μL de cada 
concentración de 250 μg y 500 μg de Metformina. El estándar 
de Metformina y se dejó secar el papel-disco para permitir su 
evaporación.

Se sembraron en placas de Petri con Agar Müeller-Hin-
ton (AMH) sobre la superficie de las cepas de Pseudomonas 
aeruginosa ATCC 27853, Staphylococcus aureus ATCC 25923 
y Escherichia coli ATCC 25922 respectivamente. Se hisoparon 
uniformemente y se incubaron en una estufa a 37 °C de tem-
peratura durante 24 horas. Además, se colocó como control 
negativo un disco de papel Whatman #4 con 10 µL de agua 
destilada y como control positivo se usó imipenem en concen-
tración de 10 mcg, cefoxitina en concentración de 10 mcg y 
ciprofloxacino en concentración de 5 mcg12.

Al final del período, las zonas de inhibición formadas se 
midieron en milímetros usando el vernier. Las zonas de inhibi-
ción de menos de 12 mm de diámetro no se consideraron para 
el análisis de la actividad antibacteriana. Para cada concentra-
ción, se realizaron 6 réplicas.

Análisis estadísticos
Se presenta los resultados mediante gráficos de barras, 

expresados mediante valores absolutos. Se empleó como so-
porte informático el programa Microsoft Excel Versión 2010.

Resultados
En este estudio se utilizó como parámetro de medición el 

diámetro de la zona de inhibición (mm) para evaluar la propie-
dad antimicrobiana del medicamento Metformina. La dilución 
del estándar de Metformina fue enfrentada contra Escheri-
chia coli ATCC 25922, Staphylococcus aureus ATCC 25923 y 
Pseudomonas aeruginosa ATCC 27853. La zona de inhibición 
fue de 6 mm (resistente) para todas cepas bacterianas y para 
el control negativo. También se utilizaron controles positivos 
que produjeron un halo de inhibición de > 25 mm (sensible) 
para cada ensayo con 6 repeticiones de cada uno de ellos (Ver 
Figuras 1, 2, 3). El fármaco Metformina no mostró actividad 
antimicrobiana a 250 ug/ µL y 500 ug/ µL.

Discusión
Entre los principales patógenos que destaca la OMS para 

la investigación de nuevos antibióticos para combatir esta en-
fermedad, están la Pseudomonas aeruginosa, Staphylococcus 
aureus y enterobacterias multidrogoresistentes7. Hoy en día 
existen laboratorios aun investigando nuevos antibióticos, pero 
solo dos de estos presentan una actividad frente a bacterias 
Gramnegativas multirresistentes y otras se encuentran aún 
en la fase clínica uno, categorizada como “posible agente ac-
tivo”15. Después de la aparición de estos patógenos resistentes 
a múltiples drogas, la investigación de nuevas alternativas de 
antibioticoterapia ha llevado al reconocimiento del potencial 
de drogas antibacterianas conocidas como por ejemplo para el 
tratamiento de pacientes con diabetes que es la Metformina12,16.

Es así como surge evidencia científica que logra demostrar 
que la Metformina podría presentar un efecto sobre el desa-
rrollo de una mejoría en la inmunidad innata17. Diferentes tipos 
de bacterias afectan las vías respiratorias, sin embargo, el uso 
de Metformina logró disminuir la hiperglucemia inducida por 
Pseudomonas aeruginosa18. Aumentando la resistencia eléc-
trica transepitelial, es otro mecanismo como la Metformina 
logra disminuir la hiperglucemia inducida por Staphylococcus 
aureus, ya que esta como principal función tiende a disminuir 
la resistencia eléctrica transepitelial para lograr el eflujo de 
glucosa paracelular19.

Por otra parte, diferentes estudios demostraron que el uso 
de Metformina en dosis de 250 mg, 300 mg, 400 mg y 500 mg 
reveló tener un efecto contra las diferentes cepas de Esche-
richia coli, Staphylococcus aureus, Pseudomonas aeruginosa, 
Saccharomyces cerevisiae, Candida albicans y Aspergillus ni-
ger20-22 (Tabla 1).

Estudios adicionales han demostrado también lograr una 
inhibición del crecimiento bacteriano induciendo la inactiva-
ción de receptores como LasR y rhlR que desencadenan a la 
producción de piocianina, hemolisina, proteasas y elastasas 
que confieren a la Pseudomonas aeruginosa su capacidad de 
motilidad y resistencia frente al estrés oxidativo23. Incluso el 
uso de nanotubos de carbono en adición con metformina logró 
presentar una actividad inhibitoria frente a Escherichia coli24.

Sin embargo, los resultados del presente estudio demos-
traron que el estándar de Metformina en concentraciones de 
250 mg y 500 mg no mostró una actividad antibacteriana con-
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Figura 1. Actividad antibacteriana obtenida de estándar de Metformina frente a cepa de Escherichia coli ATCC25922.

Figura 2. Actividad antibacteriana obtenida de estándar de Metformina frente a cepa de Staphylococcus aureus ATCC25923.

Figura 3. Actividad antibacteriana obtenida de estándar de Metformina frente a cepa de Pseudomona aeruginosa ATCC27853.

Exploración de la actividad antibacteriana de Metformina frente a Escherichia coli, Staphylococcus aureus y Pseudomonas aeruginosa
Exploration of the antibacterial activity of Metformin against Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa



1338 tra las cepas de Escherichia coli ATCC 25922, Staphylococcus 
aureus ATCC 25923 y Pseudomonas aeruginosa ATCC 27853 
y por lo tanto no tendría acción inhibitoria contra diferentes 
organismos que se sabe que son resistentes a múltiples fár-
macos.

Los estudios citados arriba no describen el uso de cepas 
ATCC (solo se mencionan nombre de especies bacterianas y 
fúngicas) en sus procedimientos de trabajo. Es posible que los 
resultados obtenidos en nuestro estudio difieren con tales pu-
blicaciones por el uso de cepas no catalogadas como cepas 
ATCC.

Estos hallazgos son importantes, porque categóricamen-
te se descarta el efecto bactericida de la Metformina, y aun-
que los antecedentes son favorables para un potencial efecto 
antibacteriano, ante la evidencia, puede ser más sensato el 
dilucidar su uso como un fármaco coadyuvante con la terapia 
antibiótica. Los efectos pleiotrópicos de Metformina al modu-
lar la inmunidad (estimulación)25,26, y la actividad antiinflama-
toria25,27, ambos mecanismos (inmunosupresión e inflamación) 
son fisiopatológicamente favorables para la progresión de la 
patogenicidad de las bacterias como, Trichinella spiralis28, Cae-
norhabditis elegans29,30, hepatitis B virus31, hepatitis C virus32,33, 
M. tuberculosis13,34. Por ello una gran iniciativa es contribuir aún 
más en la investigación de drogas de segundo uso o la elabo-
ración de nuevos fármacos que puedan tener la capacidad de 
inhibir o destruir las bacterias que cuentan con una mayor tasa 
de resistencia y lograr reducir la letalidad a nivel mundial.

Limitaciones
Entre las limitaciones del estudio está solo la exposición 

a las 3 bacterias ATCC ensayadas, no incluyendo a otras bac-
terias y hongos no ATCC, siendo este estudio como base para 
investigaciones posteriores que utilicen cepas bacterianas re-
sistentes hospitalarias. También el tipo de procedimiento no 
detallado usado por diversos autores para obtener el estándar 
de metformina.

Conclusiones
En la presente investigación, se demuestra que Metfor-

mina en concentraciones de 250 mg y 500 mg no presentó 
efecto bactericida frente a Escherichia coli (ATCC 25922), Sta-
phylococcus aureus (ATCC 25923) y Pseudomonas aeruginosa 
(ATCC 27853).
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Abstract: The current study describes the production of silver nanoparticles (AgNPs) to treat Candida glabrata infections. 
The method involved incubation of silver nitrate (AgNO3) with Aspergillus terreus using a green and straightforward route. The 
production of AgNPs was confirmed through a color change from transparent yellow to brown as well as by ultraviolet-visible (UV-
VIS) spectroscopy. The surface morphology of AgNPs was assessed using a scanning electron microscope. The antifungal activity 
of AgNPs against C. glabrata was investigated in the serum of 20 infected mice. The mice were divided into four groups, and the 
level of cytokines: IL-4 and IFN-γ were examined after 21 days. The atomic force microscopy confirmed that the average diameter 
of AgNPs was 25.1 nm, which is appropriate for delivering silver nanoparticles to treat animals' infection. The concentration of 
cytokines IL-4 and IFN-γ were significantly (P < 0.05) higher in the C. glabrata-infected group than in the control group. While the 
cytokines level remained close to average concentration in mice administrated with AgNPs, such a result was comparable with the 
fourth group of mice (Candida-treated Aspergillus) after treatment with AgNPs.

Key words: Candida glabrata, Aspergillus terreus, cytokines, silver nanoparticles, antifungal activity, surface morphology.

Introduction
Candida is a genus of ascomycetes, yeast containing 

approximately 150 species of which more than 20 have clini-
cal importance1. Candida species (spp.) cause several fungal 
infections and are considered the fourth most common cau-
se of bloodstream infections (BSIs) in the general population2. 
Candidemia is expected in the USA, where it poses a severe 
health risk3. However, Candida albicans and Candida glabrata 
remain the primary cause of aggressive candidiasis since they 
contribute to 50% of all cases of infections4. The most com-
mon risk factors associated with Candida BSI are malignancy, 
disruption of mucosal barriers, sustenance broad-spectrum 
antibiotics, immune suppression due to radiotherapy or che-
motherapy, and urinary catheterization5.

Candidemia causes various severe illnesses and is not 
susceptible to many antifungal agents. Four common types 
of antifungal drugs, azoles, polyenes, flucytosine, and echi-
nocandins, are effective against candidiasis6. Nonetheless, in 
most cases, the infection poses a mortality risk, and treatment 
is expensive and therapeutic effectiveness brutal to achie-
ve7. Therefore, discovering a novel antifungal treatment is a 
vital strategy to control the infection and overcome antifun-
gal resistance8. In recent years, nanoparticles have received 
substantial attention as a novel approach in developing useful 
materials with unique chemical and physical properties9. Such 
materials can be used exclusively in various fields such as me-
dicine, biology, chemistry, health care, food, and industry10,11. 
Several synthetic procedures have been used to produce nano-
particles in which the size and shape of particles can be con-
trolled12. These methodologies are sustainable, eco-friendly, 
and involve the in-vivo use of eukaryotes13,14.

Silver nanoparticles (AgNPs) have been widely used in 
the production of antimicrobial agents, drug delivery, medi-
cal devices, household-uses, cosmetics, optical sensors, and 
pharmaceuticals15. Various processes have been developed for 
the synthesis of AgNPs. However, most synthetic methods are 
expensive to run and involve the use or production of hazar-

dous materials16. Nevertheless, researchers have given much 
attention and are investigating the biological process as an 
alternative to synthetic processes in synthesizing AgNPs16. 
Such biological processes are environment-friendly, simple, 
high-yielding, inexpensive to run, and does not produce or use 
poisonous chemicals. Besides, AgNPs produced biologically 
have high stability and solubility, well-defined morphology, 
and appropriate particle size16.

Many plants, fungi, and bacteria have been involved in the 
biological synthesis of AgNPs. Various fungal species, such 
as ascomycete and basidiomycete, can stabilize and reducing 
agents in the biological synthesis of AgNPs, including the intra-
cellular and extracellular formation of Aspergillus terreus17–19. 
Mycelium, mycelium broth, and fungi substrate are used main-
ly in the AgNPs biosynthetic methods20. The biosynthesis of 
AgNPs involves culturing a fungus on agar followed by transfer 
to a liquid medium to produce biomass. Silver nitrate (AgNO3) 
is then incubated with fungus in a controlled environment to 
produce AgNPs21. Various AgNPs have been synthesized and 
used as antimicrobial agents. For example, AgNPs synthesized 
using A. fumigatus showed cytotoxic, antibacterial activities22. 
Also, A. terreus obtained from Calotropis procera, was used 
to synthesize AgNPs that act as an antibacterial against Sal-
monella typhi, Staphylococcus aureus, and Escherichia coli23. 
Similarly, A. terreus has been used to produce AgNPs with an-
timicrobial activities against C. albicans, C. krusei, A. fumigates, 
A. niger, A. ochraceus, and S. aruras24. The AgNPs synthesi-
zed using Andrographis paniculata were used as antimicrobial 
against S. typhi and S. aureus25.

The effect of a mixture of AgNPs and an antifungal agent 
such as fluconazole has been investigated against several pa-
thogenic fungi26. The development of distinct cytokines in mice 
is essential in stimulating the practical outcome of host-defen-
se against a fungal infection27. Resistance to Candida BSI re-
quires the harmonized action of innate and adaptive immunity. 
Candida's distinct feature is the morphological change to the 
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hyphal form, which is associated with virulence factors. Pha-
gocytosis of the Candida spp. Induced mice dendritic cells to 
produce cytokines28. Previous work concentrated on the suc-
cessful in-vitro use of AgNPs as antimicrobial agents. Therefo-
re, the current study aims to produce AgNPs using A. terreus 
based on previous reports18–20 and their use in the treatment of 
C. glabrata in an animal model. Candida BSI's effective treat-
ment in infected mice with C. glabrata in which the level of 
cytokines: (interleukin-4) IL-4 and interferon-gamma (IFN-γ) 
were measured. The current work reported an efficient and 
successful in-vivo treatment of mice infected with C. glabrata 
with AgNPs in which serum cytokines level was monitored.

Methods

Preparation of biomass
A. terreus was isolated from soil and grew on Czapek Dox 

Agar for 72 h at 25 °C. The identification of pure isolates was 
based on color changes and microscopic and morphological 
observations. Biomass of A. terreus was grown aerobically in a 
liquid medium containing KH2PO4 (47 g), K2HPO4 (2 g), MgSO4 
7H2O (0.1 g), (NH4)2SO4 (1 g), yeast extract (0.6 g), and glucose 
(10 g) in one liter. The culture was kept in a sterile flask (250 
mL) and inoculated at 25 °C. In another sterile flask, fresh bio-
mass (20 g) was added to distilled water (200 mL) and kept for 
72 h at 25 °C. The mycelia were harvested through filtration 
using a Whatman filter paper (GE Healthcare Life Science, Chi-
cago, IL, USA) (grade 1). Mycelia were washed with sterilized 
distilled water to remove any residues from the medium.

Extracellular synthesis of AgNPs
The A. terreus filtrate (20 mL) was treated with AgNO3 

(200 mL; 100 mM), and the flask was incubated in the dark 
at 25 °C for 24 h. The fungal filtrate color change recognized 
the production of AgNPs from transparent yellow to brown. 
The AgNPs were centrifuged (10,000 rpm) for 10 min, and the 
process was repeated for two times to produce a pellet that 
dried for use. The AgNPs were collected and characterized. 
The pure fungal filtrate (without AgNO3) was used as a positi-
ve control. While pure AgNO3 (1 mM) was used as a negative 
control.

Characterization of AgNPs
The UV-VIS spectrum of AgNPs was recorded on a UV-Vis-

NIR-V670 spectrophotometer (JASCO Corp., Tokyo, Japan). 
The external surface morphology and particle dimensions of 
the synthesized AgNPs were inspected by the AA3000 SPM 
system AFM (Shimadzu Co., Kyoto, Japan). Droplets of AgNPs 
on a glass slide were examined using a NTEGRAÒ SPECTRA 
II NT-MDT (Spectrum Instruments Ltd., Moscow, Russia) at 
room temperature. The surface of the synthesized AgNPs was 
inspected by the TESCAN VEGA3Ò SEM (TESCAN Analytics, 
Brno–Kohoutovice, Czech Republic). Species identification and 
antifungal susceptibility were performed using the APIÒ ID 32 
C (bioMérieux Corp., Marcy-l'Étoile, France).

Experimental procedures
The VITEK 2 compact system (BioMerieux Inc., Durham, 

NC, USA) was used to identify C. glabrata. A group of mice 
consists of 20 healthy males (6-weeks-old) with a weight that 
ranged from 20 to 25 g. Mice were captured in stainless steel 
cages at a controlled temperature (22 ± 2 °C) and moisture 
(55 ± 10%). The mice were provided with nutrients and water 

daily for 21 days and divided into four groups (n = 5 in each 
group). The control group of mice received physiological saline 
solution (1 mL). The Candida (non-treated) group of mice was 
infected with C. glabrata (105, 0.2 mL). The third group of mice 
was provided with AgNPs synthesized with A. terreus only (10 
μg). The fourth group (treated) of mice was infected with C. 
glabrata a week after AgNPs had treated them synthesized 
with A. terreus (10 mg), as a suspension. After 21 days of treat-
ment, mice were killed using ketamine-xylazine anesthesia for 
1–2 h. The anesthesia consists of ketamine (1.0 mL; 100 mg 
mL–1) and xylazine (0.5 mL; 20 mg mL–1). An intraperitoneal 
injection protocol was followed using a dose of 0.1 mL per 10 
g of body weight.

Cytokine assay
Cytokine levels in mice's serum were measured using 

the IL-5 ELISA (Fisher Scientific, Fairlawn, NJ, USA). Com-
mercially available kits (Endogen Inc., Cambridge, MA, USA) 
were used for the IFN-g and IL-4 measurements. The ELISA 
plates were covered with cytokine-specific detention antibody 
(Ab; 0.5 mg mL–1) overnight at 4 °C. The plates were washed 
with a phosphate buffer saline (PBS; × 4), Tween-20 (0.05%), 
and incubated with PBS for 30 min followed by bovine serum 
albumin (BSA; 2%) at 37 °C. After washing, the supernatant 
fluids were added to the pits and incubated for 2 h at 37 °C 
or left overnight at 4 °C, and Ab concentration (0.5 mg mL–1) 
was detected. The ELISA plates were developed and amplified 
using the VECTASTAIN ABC kit (Vector Laboratories, Burlinga-
me, CA, USA) according to the manufacturer's protocol.

The experimental work and statistical analysis
The current study is a complete randomized design in 

which each test was performed four times for each parameter. 
The experimental work was carried out at the Central Labo-
ratory at Al-Nahrain University and the Materials Research 
Department, Ministry of Science and Technology, Iraq. The 
current study was conducted between September 2018 and 
January 2019. Ethical approval has been obtained before the 
start of the work. The average was expressed mean ± standard 
deviation, and the significance of the difference was tested for 
P < 0.05. The SPSS® statistical package, version 22.0 (SPSS 
Inc., Chicago, IL, USA) for Windows®, was used.

Results

Biosynthesis of AgNPs with A. terreus
Initially, the biosynthesis of AgNPs using A. terreus was in-

duced. A. terreus was cultured on Czapek Dox Agar (Sigma-Al-
drich, St. Louis, MO, USA) at 25 °C for a week29. Silver nitrate 
was incubated with A. terreus in a controlled environment. Ini-
tially, the surface of the fungal colonies was light yellow. After 
the addition of AgNO3 solution, the color shifts from transpa-
rent yellow to brown confirming the reduction of cationic silver 
into metallic silver; this indicates the successful production of 
AgNPs (Figures 1 and 2). Also, the formation of AgNPs was 
confirmed by ultraviolet-visible (UV-VIS) spectroscopy (JASCO 
Corp., Tokyo, Japan). The UV-VIS spectrum of AgNPs showed 
an absorption band at 439 nm as a result of the excitation of 
surface plasmon vibrations, which is consistent with the lite-
rature30.

Atomic force microscopy (AFM)
The particle size of AgNPs synthesized with A. terreus 
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was determined using the atomic force microscopy (AFM) (Hi-
tachi High-Technologies, Minato City, Tokyo, Japan). The two- 
and three-dimensional AFM images (2 µm) of the synthesized 
AgNPs are shown in Figure 3. The AFM images showed the 
formation of nanoparticles that have a different particle size 
distribution (20–30 nm) with an average diameter of 25.1 nm. 
Such AgNPs particle size is appropriate for delivering silver 
nanoparticles to treat animals' infection with Candida31. The 
absorption band appeared at 332 nm in the UV-VIS spectra 
(Figures S1 and S2) due to the absorption of Ag+ or other ele-
ments in the culture medium.

Scanning electron microscopy (SEM)
The SEM can determine the external morphology of na-

noparticles. Figure 4 shows the SEM images of the AgNPs 
synthesized with A. terreus. The images revealed that the par-
ticles displayed a distinctive morphology with a considerable 
variation in particle size and small numbers of aggregations. 
Also, they showed the formation of typically visually, small, 
and uniformly spherical-shape particles of multiple sizes.

Cytokines assay
The cytokines level: IL-4 and IFN-γ were measured four 

times in the serum of 20 mice, which had been divided into four 
groups (n = 5 within each group), and the averages were cal-
culated. A blood sample was withdrawn from each mouse to 
obtain serum for cytokine level analysis after the 21 days trial. 
Table 1 shows the cytokine serum concentration among four 

different groups of mice that have been measured using the 
enzyme-linked immunosorbent assay (ELISA) plates. The level 
of cytokines: IL-4 and IFN-γ was significantly (P < 0.05) higher 
in the group of mice infected with C. glabrata (105, 0.2 mL) 
compared to those obtained within the control group (natural 
level). While the cytokines level remains close to the average 
concentration in mice administrated with AgNPs, such a result 
was comparable with that obtained in the fourth group of mice 
(Candida-treated Aspergillus) after treatment by AgNPs.

The blood of infected mice administered with AgNPs 
synthesized with A. terreus was observed to have an average 
cytokine level. Such results indicate that AgNPs do not disad-
vantageously affect the cytokine level. It is worth noting, the 
level of cytokine returned to its average concentration after 
treatment, except for the group that has been administrated 
with Candida.

Discussion
The synthesis of AgNPs with A. terreus was confirmed 

through an alteration in color from transparent yellow to 
brown after incubation in a dark room. Additionally, AgNPs 
synthesized with A. terreus was confirmed by UV-VIS spec-
troscopy30,32. A. terreus, which is unconventional mycobiosys-
tem for synthesizing AgNPs, is cost-effective, highly-stable, 
and reproducible. Previous research has shown that nano-
particles can significantly inhibit fungi's mechanism of action, 

Figure 2. Synthesis of AgNPs: a) AgNO3 (1 mM) solution; b) A. terreus biomass (50 mL); c) Color alteration of filtrate after 
incubation in the dark.

Figure 1. A. terreus cultured on Czapek Dox Agar at 25 ± 2 °C for a week: a) Colonies in a Petri dish with a diameter of 4 cm; b) 
Colonies under a light microscope (40×).
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Figure 3. The 2- and 3-dimensional AFM images of AgNPs synthesized with A. terreus.

Figure 4. The SEM images for AgNPs synthesized with A. terreus.

Table 1. Cytokine serum levels (pg mL–1) among four different groups of mice.

which provides nanoparticles with unique characteristics in 
being potent broadband antifungal agents and active drug 
carriers33. The morphological AFM examination of some bio-
logically synthesized AgNPs showed the presence of more 
than one distinctive particle34. The particle size distribution of 
AgNPs with A. terreus showed an average particle size of 25 
nm, which is in agreement with the previous research35. The 
particle size of AgNPs biosynthesized using Pseudomonas 
aeruginosa showed multiple particle sizes that ranged from 
33 to 300 nm. The majority of particles have a size of 50–100 
nm36. Small-sized nanoparticles showed better antimicrobial 

activity than large-sized nanoparticles due to the particle's 
large surface area37.

At times, no apparent changes were detected using the 
SEM within the AgNPs, since aggregated tiny particles were 
produced due to the coating agent38. The antimicrobial activity 
of AgNPs was found to be dependent on the concentration of 
nanoparticles used39. The AgNPs synthesized with A. terreus 
showed vigorous antifungal activity against pathogenic fungi 
such as Candida albicans24. Besides, AgNPs showed significant 
inhibition activity against three types of filamentous fungi that 
are resistant to antifungal agents such as fluconazole40.

Successful in-vivo treatment of mice infected with Candida glabrata using silver nanoparticles
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The cytokine levels in the serum of mice infected with 
Candida spp. revealed that the immune system response was 
diverse among different organs. Such an observation could 
have a critical effect on treatment strategy using immunomo-
dulatory methods41,42. It has been established that resistance 
to candidiasis is related to the progress of the response that 
is based on IFN-γ secretion43. A fatal result is associated with 
the progress of response, which is based on IL-4, IL-13, and 
IL-10 secretion and IL-5 response44. The alteration in coloni-
zation patterns of Candida spp. in infection-resistant BALB/c 
mice and infection-prone mice after the infection is associated 
with the secretion of the cytokines: IFN-γ, IL-4, and IL-1245. In 
primary spread candidiasis, IL-4 may hinder Candida infection 
by promoting effector mediators of resistance; for example, 
IL-4 can promote the growth of a defensive Th1 response in 
candidiasis41. In another study, a detectable level of inspired 
IL-4 production was present in both the control and infected 
mice groups. The susceptibility of the infected mice group 
was higher than that for the control group concerning IL-4 
production. Consistent with the current results, a high level of 
IL-4 was detected in mice infected with candidiasis46. Another 
study revealed that mice with low levels of IL-4 were more 
susceptible to infection than normal control group47.

Conclusions
Silver nanoparticles using Aspergillus terreus were syn-

thesized through a green, simple, fast, and eco-friendly pro-
cess. This method has the potential to replace the traditional 
biochemical methods for the production of nanoparticles. The 
surface morphology of the synthesized nanoparticles was in-
vestigated using different techniques and showed an average 
particle diameter of 25 nm. Silver nanoparticles synthesized 
with Aspergillus terreus were used to investigate the respon-
se of cytokines, IL-4 and IFN-γ in mice infected with Candida 
spp. The cytokines: IL-4 and IFN-γ levels were significantly (P < 
0.05) higher in mice infected with C. glabrata compared to the 
control group. The mice administered with AgNPs synthesi-
zed with A. terreus showed an average cytokine level: IL-4 and 
IFN-γ. The cytokines level returned to its normal range after 
treatment, except for the group that had been administrated 
with Candida.
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Abstract: Urinary tract infection (UTI) is the second most common infection after respiratory tract infection. Its prevalence is more 
in women as compared to men. Approximately 50% of women have an infection of the Urinary tract in their life-time. The bacterial 
infection is one of the most important bioactivity; using their ability to imitate evanish then distributes international fitness problems 
into the 21st centenary. Thus a recent study was undertaken to investigate the antibacterial activity of a mixture of three medicinal 
plants against UTI infectious isolates. The three considered plants were (Aloe vera, Artemisia herba alba and Teucrium polium), 
which were used in Iraqi medicine for many centuries. The effectiveness of this combination was investigated using in vitro well 
diffusion method. The extract was tested against four isolated pathogenic bacteria (Staphylococcus aureus, Klebsiella spp, and 
Proteus spp). The aqueous extract exhibited antibacterial activity against gram-positive and gram-negative bacteria. The mixture 
extract had the highest effect against S. aureus and Proteus spp, followed by a  lower effect on Klebsiella spp. In conclusion, the 
antibacterial effect of the tested plant extracts confirmed a higher impact on Gram-positive bacteria as compared to Gram-negative 
bacteria. Therefore, it can be concluded that the usage of these plants as a traditional medicine form can be considered as a strong 
assistant to regular medicine drugs and treatments.

Key words: Urinary tract infection (UTI), Antimicrobial Activity,  Herbal Mixture Extract.

Introduction
The herbal remedy is a developing sector of health care 

and demands attention1. Plants served as a valuable source 
of traditional treatment over the years2. World Health Orga-
nization (WHO) estimated that around 80% of the worldwide 
population remember at least one traditional remedy by ex-
tracting active components3. This, due to medicinal flora, bears 
various advantages (a low price or much fewer facet effects) 
compared to modern conventional drugs, as are expensive yet 
acknowledged in hazardous side effects4.

The prevalence of Urinary tract infections (UTI) by bacteria 
is problematic worldwide and among all age range and gender. 
Several pathogens belong to gram-positive and gram-negative 
bacteria regard as a fundamental everyday health hazards5 to 
cause UTI; the most pathogens for UTI infection include strains 
of uropathogenic Escherichia coli, Klebsiella pneumonia, Ente-
rococcus spp, Staphylococcus saprophyticus, St. aureus, group 
B Streptococcus, proteus mirabilis6-10 Among all bacterial spe-
cies E. coli is known to be the most common in complicated 
and uncomplicated UTI especially in diabetic patients6.

Treatment of UTI subordinate the severity of infection; it 
can be ranging from a single-dose antibiotic treatment to res-
cue nephrectomy for pyonephrosis in diabetic patients with 
septic shock11. Third-generation beta-lactam antibiotics such 
as ciprofloxacin, cefixime, and ceftriaxone are commonly used 
in UTI. Indiscriminate antibiotic use resulted in the develop-
ment of resistance to one or multiple antibiotics that give a 
severe challenge upon disease treatment or even treatment 
failure12 beside other adverse effects on the liver and bone 
marrow13,14. The tremendous use of antimicrobial has induced 
resistances among various bacterial kinds and, as much be 
counted concerning fact1, the efficacy of these compounds is 
remarkably decreased. A long time put in appearances con-
cerning antibiotic stopping pathogens has been a global pro-
blem in the latest. According to inquire, the undesirable facet 

consequences about half of antibiotics instituted us because 
of latter sources in conformity will combat these problems15. 
Literature cited that many strains of E. coli and K. pneumoniae 
isolated from UTI have extended-spectrum to Beta-lactam an-
tibiotics, carbapenem-resistant, and polymyxin; moreover, the 
resist could be transferred to other infectious bacteria through 
horizontal gene transfer systems as transformation, transduc-
tion, and conjugation16.

This necessitates relies on a safe and low-cost medicinal 
plant having antibacterial activities with a promising future. 
More than half a million plants worldwide have medical issues 
essential to treat or prevent many infections17. A variety of se-
condary metabolite produces in plant tissues with therapeutic 
values with less toxicity and side effects and could be a good 
substitute for traditional synthetic or semisynthetic chemical 
antibiotics and overcome multidrug-resistant bacteria18. Sin-
ce several plant antimicrobial contains different functional 
groups, their antibacterial activity attributed to multiple me-
chanisms. Therefore, the prospect of developing resistance to 
plant constitutes is relatively smaller19. The antibiotic resistan-
ce phenomenon exhibited by the pathogenic microorganisms 
were not reported in medicinal flora because of their strong 
antimicrobial activity20. Phytochemical compounds and small 
secondary metabolites have a significant value for medicinal 
plants. The most important of these bioactive constituents are 
alkaloids, tannins, flavonoids, and phenol, all of which are ac-
coutered for new antibacterial agents21,22.  It is believed that 
crude extracts from some medicinal plants are more biologi-
cally active than isolated compounds due to their synergistic 
effects23.

The researchers are showing interest in natural products 
with bactericidal activity24- 26. Humans use plant extracts for a 
wide variety of diseases, of dense developing countries; it de-
pends on traditional medical practitioners or their collections 
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regarding medicinal vegetation in conformity with treatment 
to them27. Herbals execute apply for an important position in 
conserving biodiversity. These plants are genuinely familiar to 
bucolic human beings anybody according to their scarcity yet 
their disappearance28. Indeed, medicinal plants lead the very 
necessary health ponderous position and then symbolize a 
giant source concerning profits for many families within the 
countryside and cities29.

Urinary tract infection is the second most common infec-
tion after respiratory tract infection worldwide. Its prevalence 
is more in women than men30; approximately 50% of women 
have an infection of the Urinary tract in their life. The current 
s study focuses on discovering antibacterial outcomes regar-
ding aqueous extracts of a natural combination of about 3 me-
dicinal plants (Aloe vera, Artemisia herba alba, and Teucrium 
polium ) against UTI causing bacteria.

Materials and methods 

Isolation and identification of bacteria from UTI.
Twenty out samples of urine were collected from patients 

with suspicious clinical symptoms like dysuria, loin pain, fever, 
frequent urination, and need to urinate with an empty bladder7; 
patients were visited Ibn Al-Nafees Hospital/ Baghdad and as-
ked about taken antibiotic prior visiting the hospital during last 
seven days. The ethical committee approved the study of the 
University.

All urine samples were cultured over blood agar, Mac-
Conkey agar, and mannitol salt agar. Bacterial characters 
were identified using Gram stain, urease test, oxidase, catala-
se, hemolysis of RBCs, and Indole Methyl red Vokes Proskauer 
(IMVC)31.

Aqueous extraction of Plant Material
This research was conducted from January to February 

2020. Plants of (Aloe vera, an Herbal (Sheh), and Teucrium po-
lium (Algeada) toughness were obtained from the local Iraqi 
market and were identified at the College of Agriculture Engi-
neering of Baghdad University - Iraq. The plants were kept at 
room temperature (20-25ºC) till usage. Equal weights of each 
force in (Aloe vera, Artemisia herba alba (sheh), and Teucrium 
polium (Algeada) were ground then mixed. The aqueous ex-
tract regarding that combination was prepared along with the 
useful resource; 2 g regarding mixture, including 200 ml of ste-
rilized distilled water for 15 minutes, left overnight in a refri-
gerator. Meanwhile, the extract panel was filtered and refrige-
rated in a glass container as described (32) with modification.

Screening of the active compound
Many tests were applied to screen the different active 

compounds in the aqueous extract of plant mixture; these 
tests include the detection of each flavonoid, tannins, glyco-
sides, saponin, and terpin and steroid. The procedures were 
briefly described below:

Flavonoids were detected in cold aqueous extract; the de-
tecting solution composed of an equal volume of 50% ethanol 
and 1M KOH. About 5 ml of extract was mixed with 5 ml of 
detecting solution at 25C, and the color was changed to the 
yellow indicating presence of flavonoid33.

The system below34 was used to detect tannins; in its 
procedure, 50 ml of each ban was back in conformity withs-
tand equally broken on couple conical flasks. For the first one, 
administration lead acetate (CH3COOPb) (1%; w/v) was once 

introduced to plant extract afterward; the jelly pellet was used 
following keep viewed a direct reaction. The second flask, fe-
rric chloride (FeCl2) (1%; w/v) was used for screening tannins. 
Navy-blue shade was involved in the emergence concerning 
tannins.

Glycosides
These techniques were once taken according to the me-

thod described by (35); non hydrolyzed extract: Equal aggrega-
tion concerning the bury recover was once as soon as blended 
with the Fehling test in the test tube; development of purple 
precipitate shows a quality result for glycosides.

Hydrolyzed extract
Few drops of HCl were added to 5ml of the aqueous ex-

tract of the plant since they were left at a water bath of 20 
minutes, the acidity was once neutralized using NaOH solution, 
amount of aggregation respecting the Fehling test was added. 
The improvement concerning crimson precipitate suggests a 
positive result.

Saponins
This method was made under conformity with (35). Cou-

ple methods detected saponins:
The first method was applied by shaking the tube con-

taining extract; the formation of foams standing indicates a 
first-rate result.

While the second method was done by adding five ml of 
plant extract over 1-3 ml of 3% ferric chloride solution, positive 
results were pointed out upon bright precipitate formation33.

Terpenes and steroids
few drops of chloroform were drop wised to 1 ml of the, 

then a decline over acetic anhydride and a decline on sulfuric 
acid; brown precipitate appeared that represents the availabi-
lity of terpenes. While dark blue color appeared after about five 
minutes, it suggests the availability of steroids33.

Antibacterial activity of aqueous herbal extracts
Agar well diffusion approach on Mueller -Hinton agar was 

once used in imitation of the search for antibacterial activity36. 
Bacterial cultures were crashed out from the nutrient agar 
plate and were suspended in sterilized peptone water. Turbidi-
ty was evaluated and compared with McFarland standard tube 
number 1, which equivalents approximately to 1X108 CFU/mL.  
The cotton swab was immersed in bacterial suspension and 
spread over Muller Hinton agar, which let for 10 minutes to 
ensure bacterial adherence. Meanwhile, the borer applicator 
was sterilized by flame, cooled, and pressed on the top of see-
ded Muller Hinton agar to make well with a 6 mm radius, let 
distance about 15 mm between wells the aspect of the plate. 
Each well was filled with 25, 50, 75, and 100 µl, plates were 
stand for 10 minutes and were incubated for 24 h at 37 °C. 
Three replicas of each plate were prepared, and the diameter 
of the inhibition zone was recorded from the edge of the well.

Results and Discussion

Isolation and identification of bacteria
The recent result of isolation and identification regarding 

bacterial isolates from patients with UTI symptoms showed 
the prevalence of Klebsiella spp, Proteus, and S. aureus; the 
characters of each isolate listed in the table (1). Although this 
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was a preliminary study with a small number of UTI patients, 
the study showed that G-ve bacterial species were more pre-
valent than G+ve bacteria. Many other researches referred to 
that different bacterial species might encounter with the UTI 
inpatients, and some of these bacteria develop antibiotic-resis-
tant to one or more of the traditional and extended-spectrum 
of beta-lactam antibiotic37 Mohamed H. Mourad and one of the 
most important reason is the recurrent uses of antibiotic even 
without a physician prescription. This following (38) found 
that 54.8% of isolates were gram-negative, while 45.2 % were 
gram-positive.

higher concentration of plant mixture extract for all bacterial 
isolates under study. Also, study found that Staph. aureus was 
more susceptible than other bacterial species followed by 
Klebsiella spp.  (figure2).

An increase rate of re-emerging infections, has carried an 
inquire for instant and more safe natural antimicrobial com-
pounds; however, these compound need more investigation for 
their effecting mechanism. Plants are valuable supply of phar-
maceutical substances, due to the fact they have an almost 
limitless potential according to synthesize compounds inclu-
ding one of a kind antimicrobial endeavor against more than 

Table 1. The morphological and characteristics of bacteria on different cultural media with some biochemical test.

Chemical analysis of the aqueous extract of plant mixture 
under study showed that a weight of 1.58g representing 5.95%, 
could achieve from 25g regarding the extracted plant material. 
Screening of bioactive components revealed that the extract 
contains some flavonoids, phenols, tannins, saponins, glycosi-
des, and terpenes have been detected. Aqueous extracts were 
low in steroids (Table 2). A. herba-alba is a prosperous sour-
ce of flavonoids certain as like hispidulin as well as cirsilineol. 
Flavonoids isolated out of some medicinal vegetation have 
been established in conformity with possessing anti-inflam-
matory effect39.

Table 2. Chemical analysis of active compounds in aqueous 
extract of a plant mixture.
Antibacterial activity

Each extract was tested against bacterial isolates (S. au-
reus, Klebsilla.spp, and Proteus.spp). The extracts' different 
concentrations illustrated increased effectiveness against the 
studied microorganisms represented by the increased inhibi-
tion zones in figure (1).

The measurement of the average diameter of inhibition 
zone indicated that highest bacterial inhibition reached with 

a few pathogenic as well as opportunistic microorganisms40. 
The essential factors up to expectation to antibacterial 

reactivity are the type of diffusion strategies of active subs-
tances used and the tendency to inter bacterial cell, pH, and 
temperature of the surroundings41. The pH may also result in 
the antibacterial inhibitory effect of R. sativus had an excellent 
antibacterial effect at acidic pH, which has declined by increa-
sing pH toward alkaline. This might be because antibacterial 
compounds in cationic forms can also engage the negatively 
charged bacterial cells42.

Successful extraction concerning bioactive compounds 
beside row material depends on the solvent back into the ex-
traction procedure. The recent study's main success is using 
aqueous extract for three plant material that contained diffe-
rent active compounds with a synergistic effect in one pre-
paration, a phenolic compound known to alter microbial cell 
permeability, leading to change damage the macromolecules 
inside the bacterial cell. Many enzymes responsible for either 
the bacterial reproduction and growth or virulence factor mi-
ght lose their activity in response to phenolic compounds43,44,45. 
The saponin activity against monocrystalline sugar; reduces 
sugar within the bacteria reducing power intake to the bacte-
rial cell, leading to growth decline and death46. The presence 
of tannins and flavonoids caused a toxic effect and an inhibition 
of different types of enzymes and transporter proteins found in 
the cell membrane and inside cell47,48.

Many researchers observed that the extraction of the 
plant active ingredients and the organic solvents methanol, 
ethyl acetate, and chloroform resulted in a more substantial 
antibacterial effect, but aqueous extraction, cheaper and need 
less requirements to prepare 26=32. Gram-negative microor-
ganisms are among the resistant organisms against chemo-
therapeutic antibiotics than gram-positive bacteria; a survey 
concerning currently observed antibacterial activity of herbal 
takes place, showing that >90% of herbal extracts lacked ac-
tivity against E. coli, in compassion to gram-positive bacteria49.

The mechanisms of bacterial resistance against antibiotic 
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might be equipped through changing membrane permeability; 
drug molecules in accordance with a mobilephase can keep 
transferred through membrane via porins, diffusion through 
the bilayer then through self-uptake. The porin channels are 
located among OM (outer membrane) about Gram-negative 
bacteria. The little hydrophilic molecules (β-lactams then qui-
nolones) can pass the OM only through porins. The minimize 
among quantity over porin channels leads to decreased access 
regarding β-lactam antibiotics between the cells, subsequently 
resistance50. G+ve microorganisms like Staphylococcus might 
harbor transmissible genetic element encoding for antibiotic 
resistance such as plasmids encoding the penicillinase genes, 
namely in collecting negative bacteria; conjugation is an essen-
tial mechanism regarding drug transfer and effect occur into 
supreme genera50. The main barrier for  Gram-positive bacteria 
towards antibiotics is thick peptidoglycan that protects against 
osmotic rupture. The simple subunit over the peptidoglycan 
thing is a disaccharide monomer regarding N -acetylglucosa-
mine (NAG) and N -acetylmuramic (NAM) pentapeptide. The 
pentapeptide consists of amino water brash residues alter-
nating into L- and D-stereoisomers, then terminating within 
D-alanyl-D-alanine. A stem peptide regarding moving measu-
re then contract is given to the third amino water brash over 

it pentapeptide. Pentapeptides are then same, including stem 
peptides, according to form a cross-link between polysaccha-
ride chains. This reaction is catalyzed by a transpeptidase. 
This transpeptidation response is sensitive to prohibition via 
β-lactams. The penicillin-sensitive reactions are catalyzed by 
using a family of closely associated proteins, penicillin-binding 
proteins (PBPs). β-Lactam antibiotics out turn their lethal im-
pact regarding bacteria through inactivation concerning more 
than one PBPs simultaneously, then for that reason inhibiting 
cell wall synthesis. The inhibition of PBPs additionally leads to 
imitation of breakdown on an ideal match, probably at the time 
over cell division. This agitated morphogenesis is hypothesized 
after provoking cell dying51,52.

Conclusions
Different active compounds were detected in the aqueous 

mixed extract of the 3 medicinal vegetation (Aloe vera, Arte-
misia herba alba and Teucrium polium) permanency life, in-
cluding phenols and flavonoids tannins, saponins, glycosides 
afterward terpenes. Aqueous extrusion concerning an herbal 
aggregate upon 3 medicinal vegetation (Aloe vera, Artemisia 
herba alba and Teucrium polium ) undergo antibacterial effect 

Figure 1. Bacterial inhibition zone with different concentration of aqueous plants extract  (1= 25µl, 2= 50 µl, 3=75 µl, 4=100 µl): 
Muller Hinton agar.

Figure 2. The differences in bacterial susceptibility in response to aqueous plant mixture extract
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against positive but village Gram negative microorganism. 
Our consequences aid that the aqueous extract regarding this 
three plant combination well-known shows the synergistic 
effect as antibacterial activity compared to previous studies 
that examined each plant alone.
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Abstract: Estradiol is one factor that can alter the outcome of the treatment of infertile couples following the application of in vitro 
fertilization techniques. Currently, the estradiol level is measured by two diagnostic methods Enzyme-Linked Immunosorbent Assay 
(ELISA) and Electrochemiluminescence (ECL). Accordingly, this study determines ELISA and ECL's sensitivity and consistency to 
measure different levels of estradiol and determine its reliable range and provide this information to laboratories and gynecologists.  
This study is performed on 250 patients of the Avicenna Fertility Center. The data of the study are analyzed in SPSS18 and MiniTab. 
Consent was obtained for experimentation with human subjects. Pearson correlation coefficient was used to investigate the 
relationship between these two methods. The results indicated a strong correlation between the two variables ECL and ELISA ( r= 
0.735, P-value<0.001). High numbers indicate that the decrease and increase of one variable are proportional to the other variable's 
fluctuation. This study shows that the results of estradiol obtained from both ECL and ELISA are similar. In the ELISA method, due 
to the linear values' limitation, samples with estradiol concentration above the highest standard level should be diluted and the 
dilution coefficient should then be applied.

Key words: Estradiol, estrogen, infertility, ELISA, ECL.

Introduction
Estradiol is a steroid hormone and is the most important 

sex hormone in women. It is the first type of estrogen and is 
produced in the ovaries. As the ovaries grow and develop, the 
egg follicles release estradiol to assist the onset and mainte-
nance of the monthly cycle1. This hormone also affects other 
tissues such as bone, liver, blood vessels and reproductive tis-
sues such as the uterus. Estradiol is one factor that can alter 
the outcome of the treatment of infertile couples following the 
application of in vitro fertilization techniques.

For this reason, in the infertility treatment cycles, the 
serum level of this hormone is used as a monitoring tool for 
ovulation induction, and the accuracy of IVF planning2. Howe-
ver, in the cycles following in vitro fertilization, the number of 
mature follicles is more due to the use of ovarian stimulating 
drugs, and hence the level of this hormone (estradiol) may be 
higher than its physiological range. This increase in estradiol 
level could raise concerns about luteal phase abnormalities, 
uterine tissue changes, and ovarian hyper-stimulation syndro-
me, a life-threatening complication of the ovulation induction 
cycle. Therefore, it is essential to measure the different levels 
of estradiol and its reliable ranges accurately3. Accordingly, 
the experience of some infertility centers suggests that by 
changing the method of estradiol measurement in the labo-
ratory of an infertility center, the upper limit of this hormone, 
which poses the risk of OHSS, could be changed, and the state 
of not recognizing this level maintains the risk of consuming 
lower or higher doses of ovulation-stimulating drugs in infer-
tile patients. In other words, if the physician is not informed of 
this change and the critical drug range, they would mistakenly 
increase or decrease the drug dosage due to the assumption 
of inadequate or excessive drug dose, which would ultimately 
lead to either OHSS or failure of the treatment cycle. Thus, it 
is essential to know that changing the method does not neces-
sarily mean that high estradiol levels may be similar even by 
one unit of measurement, and this will be a critical point in the 
success and health of the treatment cycle.

During ovarian hyperstimulation for in vitro fertilization 
(IVF), serum estradiol concentrations are usually monitored 
daily for optimal timing of human chorionic gonadotropin (hCG) 
administration oocyte collection. The DRG Estradiol sensitive 
ELISA Kit is a solid phase enzyme-linked immunosorbent as-
say (ELISA), based on the competitive binding. The microtiter 
wells are coated with a polyclonal antibody directed towards 
an antigenic site on the Estradiol molecule.  Endogenous Es-
tradiol of a patient sample competes with an Estradiol horse-
radish peroxidase conjugate for binding to the coated antibody. 
After incubation, the unbound conjugate is washed off. The 
amount of bound peroxidase conjugate is reverse proportional 
to the concentration of estradiol in the sample. After adding the 
substrate solution, the intensity of color developed is reverse 
proportional to estradiol concentration in the patient sample8.

Currently, diagnostic methods (ELISAs) and (ECLs) are 
used to measure estradiol levels; however, based on research 
studies, ECL has superiority in sensitivity, cost-effectiveness, 
and high precision over conventional colorimeter methods 
such as ELISA. On the other hand, quick and error-free answe-
ring is desirable in all situations, and to achieve this goal, chan-
ging the system from manual to machinery seems necessary. 
Therefore, although one of the most commonly used methods 
for measuring this hormone assay is ELISA, the ECL method's 
use is more rapid and accurate is prioritized4,5.

Accordingly, one of the hypotheses raised in this study 
was that if the units of measurement were identical in the two 
methods, whether to obtain a standard concentration of serum 
estradiol level in the ECL method and to compare it with the 
ELISA method and to share this information with laboratories 
and gynecologists, is essential or not? And can the serum es-
tradiol level measure in one person by 2 different (ELISA) me-
thods and (ECL) be different under the same conditions? And 
finally, the measurement and prescription dosage of estradiol 
hormone should be based on the specific method (ELISA/ECL) 
which is used for assessing estradiol hormone.
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Based on the second hypothesis of this study, since es-
tradiol results in high concentrations of this hormone by ELI-
SA, which usually occurs during infertility treatment, it has 
no linear relationship with diluted hormone assays, therefore 
repeating the test with diluted samples from specified values 
above before reporting the result is essential. It is also crucial 
to specify a reliable reading range without the application of 
dilution. Given that assisted reproductive techniques' success 
is highly essential due to the financial costs and psychological 
problems following their failure, any studies that can increa-
se these success rates are entirely critical. This study's main 
objective was to determine the sensitivity and consistency of 
ELISA and Electro Quantitative Luminescence (ECL) methods 
to measure different estradiol hormone levels and determine 
a reliable range to enhance assisted reproduction success and 
prevent complications which are dangerous and sometimes 
irreparable. Some other specific targets were considered to be 
evaluated in this paper, like determining the compatibility of 
two methods (ECL vs. ELISA) in measuring estradiol hormone 
and Determining the sensitivity of the ELISA method in mea-
suring the high titers of estradiol and determining the reliable 
range for it. This study's hypothesis firstly entails some prac-
tical purposes such as changing the manual test method to 
an automatic one, Increasing the test's speed and accuracy, 
Increasing the sensitivity and specificity of the test, and in-
creasing sensitivity and specificity of the test in high estradiol 
titers. This proposal's crux is to establish a satisfactory labora-
tory evaluation method for a clinical endocrinology hormone, 
estradiol.

Materials and methods 
To start the practical process, inclusion criteria were es-

tablished as follows. All patients with at least two previous 
unsuccessful IVF/ICSI cycles were admitted. After signing the 
informed consent and computer-generated randomization, the 
study was performed on 250 patients referred to specialized 
clinics of Avicenna infertility, and recurrent miscarriage treat-
ment center referred to the medical diagnosis laboratory for 
estradiol testing. Consent was obtained for experimentation 
with human subjects. Out of the compilation, 250 samples 
were randomly selected with different concentrations and 
were analyzed and compared through both methods. Finally, 
the data were analyzed in SPSS18 and MiniTab.

The project started on 28 August 2018 after receiving the 
code of ethics: IR.ACECR.AVICENNA.REC.1397.006 from the 
Avicenna Ethics committee: www.ethics.research.ac.ir  by Dr. 
Ali Sadeghi Tabar.  Additionally, all applicants in this research 
received consent upon arrival to the program, and their infor-
mation was used anonymously.

Data collection tools
Specimens were obtained from patients of the different 

specialized clinics referred to the Medical Diagnostic Labo-
ratory for estradiol testing, and the results of ELISA and ECL 
tests were analyzed by SPSS software.

Results
Results were analyzed by the statistical expert and are as 

follows: Pierson correlation coefficient was used to investigate 
the relationship between these two methods. The results in-
dicated a strong relationship between the two variables ECL 
and ELISA (r=0.735, P-value<0.001). High numbers mean that 
each variable's decrease and increase are proportional to the 
decrease and increase of the other variable. The distribution 
chart of the ECL and ELISA variables is as follows:

Discussion
Historically, quantitative methods for measuring E2 have 

been obtained by bioassay, mass spectrometry (MS), UV ab-
sorbance, and immunoassay. Up until now, applying any me-
asurement method to biological specimens has required the 
isolation of steroids. The original immunological method for 
Estradiol evaluation was named RIA or indirect RIA9. Measure-
ment of Estradiol in serum without its prior isolation is called 
direct RIA, like chromatography, as it is performed currently10.

A group of scientists declared that estradiol must be me-
asured at low concentrations to distinguish between suppres-
sed levels of less than 1pg/mL and pretreatment levels11.

Another paper suggests that the measurement of E2 
should be reliable at levels of 3000pg/mL when testing per-
formed in support of IVF programs, for ovulation induction and 
ovarian hyper-stimulation monitoring12.

Several studies suggest concerns about the analytical 
performance in the measurement of E2 among different assa-
ys13. Sensitive assays for estradiol have been immunologically 
based, but it lacks specificity to satisfy all clinical and scientific 
requirements, up until recently, methods based on mass spec-
troscopy have been replaced14.

ECL (ElectroChemiLuminescence) is Roche's technology 
for immunoassay detection of estradiol. Based on this tech-
nology, ECL delivers reliable results. The development of ECL 
immunoassays is based on the use of a ruthenium-complex 
and tripropylamine (TPA). The chemiluminescence reaction 
for detecting the reaction complex is initiated by applying a 
voltage to the sample solution resulting in a precisely contro-
lled reaction15.

In a study by Azim et al. (2015) on the mechanism and 
application of the ECL method, the results of the study showed 
that: different types of luminescence include quantum lumi-
nescence (cold radiation caused by a chemical reaction), bio-
luminescence (The biochemical reaction within an organism, 
such as a firefly), electroluminescence (passing electric cu-
rrent, such as LED lamps), electrochemical luminescence 
(electrochemical reaction), phosphorescence (such as lumi-

How to choose patients
All patients referred to the Medical Diagnostic Labora-

tory of specialized clinics of Avicenna Infertility and Repeated 
Abortion treatment center for estradiol testing during the pro-
ject period were eligible for admission.

Sample size and calculation method
According to expert statistics for estimation of estradiol 

hormone level in Pg/ml, in two methods with 95% confiden-
ce and 25 Pg/ml, concerning standard deviation of estradiol in 
two methods equal to 200Pg/ml using the statistical method, 
approximately 250 cases who were randomly selected, were 
calculated.
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nous clock hands), and so on6. The source of radiation in ECL 
is often a polycyclic aromatic hydrocarbon, a metal complex, a 
quantum dot, or a nanoparticle. ECL's main advantage of ELI-
SA methods is that it does not require light, and the analyte 
itself is the source of radiation. This small difference increases 
the test's sensitivity and specificity several times and makes 
the response or linearity of the radiation-dose curve in the ECL 
very wide and eliminating confounding factors in the majority 
of times. The concentration level of analytes in many labora-
tory methods is based on the light passing through the solution 
and its absorption rate. This process is illustrated by drawing 
a radiation-dose curve and that part of the curve, which has a 
linear correlation with the dose or concentration of the analyte 
of the test, can rely on6.

In another study done by Nasiri et al. in 2013, Conducted 
to evaluate the compatibility of estradiol hormone levels with 
ELISA in two diluted and non-diluted serum of women treated 
by ovulation stimulation drugs concluded that in Serum estra-
diol level more fabulous than 2000 Pg/ml requires dilution of 
the samples and the results of the non-dilution assay will not 
be reliable. This should be taken into account in laboratories of 
infertility treatment centers or even other laboratories to de-
termine the linearity of the methods used to dilute them when 
exposed to higher amounts7.

Our study indicated that the estradiol results obtained 
from both ECL and ELISA were similar in the medical diag-
nostic laboratory and had a similar interpretation. It should be 
noted that in the ELISA method, due to the limitation of the 
linear values, samples with estradiol concentration above the 
highest standard level should be diluted, and then the dilution 
coefficient should be applied. This research's dilution coeffi-
cient was 1: 5, and 5µL of the sample was mixed with 20 µL of 
the diluent. Then the result was multiplied by 5 and compared 
with the ECL method.

Conclusions
As it is shown in the comparison chart of the distribution 

of ECL versus ELISA methods, at high concentrations of es-
tradiol, the results of the two methods did not fit well with 
the low concentrations of estradiol. This means that at high 
concentrations of estradiol hormone, especially during infer-
tility treatment that threatens the person with OHSS (ovarian 
hyper-stimulation syndrome), it is vital that the laboratory first 
interacts with the treatment team to allow the concentration 
of this hormone to be determined according to the method. 
Secondly, during the patients' treatment, method alternations 
should be avoided to evade misinterpretation of the results 
and overuse of ovulation induction drugs. This phenomenon 
is demonstrated in another way when interpreting the results 
of Beta-HCG concentrations in the study of pregnancy and fo-
llow-up of this molecule in infertility-treated individuals, inclu-
ding that it is crucial to perform the initial tests and subsequent 
titration in a single laboratory with a single measurement me-
thod to avoid the error of interpretation of the results due to 
the different specificity of the kits and different methods.

Acknowledgments
We are grateful to the respected personnel of Ebn Sina In-

fertility Treatment Laboratory for assisting us in this research.

Conflict of Interest
There was nothing detected as a conflict of interest by au-

thors, and the authors have nothing to disclose.
The project started on 28 August 2018 after receiving the 

code of ethics: IR.ACECR.AVICENNA.REC.1397.006  from the 
Avicenna Ethics committee: www.ethics.research.ac.ir  by Dr. 
Ali Sadeghi Tabar.  The authors have nothing to disclose.

Figure 1. The distribution chart of the ECL and ELISA variables.

Sadeghitabar Ali, Maleki Narges, Armand Maryam, Nasiri Reza
Volumen 5 / Número 4     •     http://www.revistabionatura.com



1355

Abbreviations
ELISA: The enzyme-linked immunosorbent assay (analyti-

cal biochemistry assay)
ECL: Electrochemiluminescence (electrogenerated che-

miluminescence)

Bibliographic references
1.	 Burke J. Gynecological (Novak) translators: AR monjmi, N. Khati-

bi. Tehran, the light of knowledge 2010; 2.
2.	Gautam N, Allahbadia B, Rita B. The Art and Science of Assisted 

Reproductive Techniques (ART). London: Taylor & Francis: 2003.
3.	Sperof L, Marc A. Clinical Gyn End & infertility: Translate by 

Ghazijahani B, Zonuzi A. Tehran, Iran 2005; 548-659.
4.	Imai, A. Nishitani, H. Akimoto, Y. Tsukamoto, J. Biolumin. Chemi-

lumin. 4 (1989) 500-504.
5.	Yu. H., 1998a. Comparitives studies of magnetic particle-based 

solid-phase fluorogenic and electrochemiluminescence immuno-
assays. J. Immunol, Methods 218,1-8.

6.	M. Azim, A. Nishitani, H. Mizanul. I. Hossain, N. Ansari. chemilu-
minescence immunoassay: basic mechanism and applications. J. 
Nucl. Med. 2015.  18 (2). 171-178.

7.	 R. Nasiri, H. Soltanghoraee, A. Mohammadzadeh,AM. Zarnani,M. 
Jeddi-Tehrani. A, SadeghitabarEvaluation ofcoordination be-
tween diluted and undiluted serum estradiol levels using ELISA 
method inwomenunder treatment with ovulation induction drugs. 
Razi Journal of Medical Sciences. 2013. 20 (111). 12-1. https://
store.drg-international.com/shop/estradiol-sensitive-elisa.asp

8.	Abraham GE, Odell WD. Solid-phase immunoassay for estradi-
ol 17- ß: a semi-automated approach. In: Peron FG, Caldwell BV, 
eds. Immunologic methods in steroid determination. New York: 
Appelton-Century-Crofts;1970;87–112.

9.	 Laboratory instrumentation product guide: immunoassay an-
alyzers. Northfiled, Illinois: College of American Pathologists; 
2011;17–54.

10.	Stanczyk FZ, Jurow J, Hsing AW. Limitations of direct immunoas-
says for measuring circulating estradiol levels in postmenopaus-
al women and men in epidemiologic studies. Cancer Epidemiol 
Biomarkers Prev. 2010;19:903–906.

11.	Demers LM. Testosterone and estradiol assays: current and fu-
ture trends. Steroids. 2008;73:1333–1338.

12.	Schioler V, Thode J. Six direct radioimmunoassays of estradiol 
evaluated. Clin Chem. 1988;34:949 –952.

13.	Raff H, Sluss PM. Pre-analytical issues for testosterone and es-
tradiol assays. Steroids. 2008;73:1297–1304.

14.	Elecsys® Estradiol III package insert (2014). Roche Diagnostics 
Documentation, Basel. Roche Diagnostics International Ltd. CH-
6343 Rotkreuz. Switzerland. www.cobas.com

Received: 23 August 2020
Accepted: 4 October 2020

Comparative study between ECL and ELISA to determine the reliable range of Estradiol in the treatment of infertility



1356

Walter Ramiro Urbina, Danae Fernández, Orestes Dario López, Antonio Iraizoz
Volumen 5 / Número 4     •     http://www.revistabionatura.com

Obtención de un extracto rico en carotenoides con capacidad antioxidante 
a escala de banco a partir de residuos agroindustriales del tomate de árbol 
(Solanum betaceum)
Obtaining an extract rich in carotenoids with antioxidant capacity on a bank scale from agro-in-
dustrial residues of tree tomato (Solanum betaceum)

Walter Ramiro Urbina, Danae Fernández, Orestes Dario López, Antonio Iraizoz DOI. 10.21931/RB/2020.05.04.13
Resumen: Los carotenoides son los compuestos químicos con mayor presencia en las cáscaras del tomate, son pigmentos 
naturales con capacidad antioxidante, estos se extraen utilizando solventes orgánicos como el etanol. En esta investigación se 
realizó una extracción de carotenoides utilizando etanol con una relación material vegetal/volumen de disolvente de 1/70 en los 
volúmenes de 0,5 L, 3 L y 5 L. Los extractos se caracterizaron físico químicamente y se compararon las medias obtenidas de 
cada ensayo para un nivel de significancia del 95% obteniendo para la escala de banco un extracto con un índice de refracción de 
1,36, viscosidad cinemática de 2,09 cSt.s-1, concentración de licopenos de 0,51 mg.L-1 y una eficiencia del proceso de extracción 
de 34,34 mg.k-1, no presentando diferencias significativas con las escalas de laboratorio (0,5 L y 3 L). Los valores de porcentaje 
de humedad y pH a la escala de banco fueron de 99,90% y 5,69 respectivamente, presentando diferencias significativas ente 
las tres escalas. Se microencapsuló mediante secado por aspersión el extracto obtenido a escala de banco con los polímeros 
maltodextrina y goma arábiga obteniendo un 99,39% de eficiencia de microencapsulación, mediante espectroscopía infrarrojo 
fue corroborado la presencia de carotenoides dentro de las microcápsulas. Se obtuvieron microcápsulas con un porcentaje de 
inhibición de DPPH del 21,72% equivalente a una concentración de Trolox de 142,72 µmol.L-1.

Palabras clave: Actividad antioxidante equivalente de Trolox, extracto de carotenoides, microencapsulación de carotenoides.

Abstract: Carotenoids are the chemical compounds with the most significant presence in tomato peels; they are natural pigments 
with antioxidant capacity; these are extracted using organic solvents such as ethanol. In this research, a carotenoid extraction was 
carried out using ethanol with a plant material / solvent volume ratio of 1/70 in the volumes of 0.5 L, 3 L, and 5 L. The extracts 
were physically chemically characterized, and the means were compared obtained from each test for a significance level of 95%, 
obtaining for the bench-scale an extract with a refractive index of 1.36, the kinematic viscosity of 2.09 cSt.s-1, lycopene concentration 
of 0.51 mg.L-1 and efficiency of the extraction process of 34.34 mg.k-1, showing no significant differences with the laboratory scales 
(0.5 L and 3 L). The values ​​of the percentage of humidity and pH on the bench scale were 99.90% and 5.69, respectively, presenting 
significant differences between the three scales. The extract obtained on a bench scale with maltodextrin and gum Arabic polymers 
was microencapsulated by spray drying, obtaining a 99.39% microencapsulation efficiency, by infrared spectroscopy, the presence 
of carotenoids within the microcapsules was corroborated. Microcapsules were obtained with a DPPH inhibition percentage of 
21.72%, equivalent to a Trolox concentration of 142.72 µmol. L-1.

Key words: Trolox equivalent antioxidant activity, carotenoid extract, carotenoid microencapsulation.

RESEARCH / INVESTIGACIÓN

Introducción
El tomate de árbol (Solanum betaceum) es una fruta ori-

ginaria de Sudamérica y se cultiva en las regiones Andinas de 
países como Bolivia, Colombia, Ecuador y Perú. En Ecuador se 
cultivan en varias provincias de la Sierra, siendo Tungurahua 
la provincia de mayor producción a nivel nacional. El consumo 
es de forma tradicional en jugos y mermeladas. En el proce-
samiento industrial se generan desechos como las cáscaras y 
semillas llegando a alcanzar valores hasta un 5%1.

Los carotenoides son los compuestos químicos con mayor 
presencia en las cáscaras de tomate, son pigmentos natura-
les con una estructura química de ocho unidades de isopre-
no, liposolubles y responsables de la coloración en el tomate 
de árbol2. El licopeno es uno de los carotenoides sintetizados 
por las plantas y microorganismos fotosintéticos, es el más 
abundante en el tomate, su estructura química es de un hidro-
carburo alifático de cadena lineal constituido por 40 átomos 
de carbono con 13 enlaces carbono – carbono de los cuales 
11 son conjugados y 56 átomos de hidrógeno. Participa en la 

desactivación de algunos radicales libres como el peróxido de 
hidrogeno, dióxido de nitrógeno, radicales sulfonilo y radicales 
hidroxilos, también es un intermediario de la biosíntesis de al-
gunos carotenoides como el β-caroteno3.

Los procesos de extracción desarrollados para la obten-
ción de carotenoides de residuos agroindustriales del tomate a 
lo largo del tiempo han permitido obtener 36,5 mg de carote-
noides por kilogramo de residuo seco del tomate de árbol con 
una mezcla de disolventes etilo – hexano, mientras que usando 
el solvente etanol se alcanzó una cantidad de 6,1 mg.kg-1.4

La microencapsulación del extracto con alto contenido de 
licopeno es un proceso clave en la conservación de las pro-
piedades funcionales y antioxidantes. Los efectos de la luz, 
pH, oxígeno y calor son causantes de la degradación de los 
carotenoides, además la microencapsulación permite mejorar 
las propiedades organolépticas del ingrediente activo. La tec-
nología de secado por pulverización permite la utilización de 
productos que se pueden incorporar como ingredientes activos 
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en la preparación de alimentos funcionales o productos far-
macéuticos de liberación controlada, aumentando su especifi-
cidad y disponibilidad5.

Materiales y métodos

Obtención del material vegetal
La fruta del tomate de árbol se adquirió del Mercado Ma-

yorista de Ambato y se trasladó a las instalaciones de los labo-
ratorios de la Unidad Operativa de la Dirección de Investigación 
y Desarrollo (UODIDE-ICIA) de la Facultad de Ciencia e Inge-
niería en Alimentos y Biotecnología, de la Universidad Técnica 
de Ambato, posteriormente se realizó el pelado de la fruta, las 
cáscaras se cortaron  en pedazos pequeños de aproximada-
mente 2 cm y se sometieron a un proceso de secado en un 
horno de convección (GANDER MTN) a la temperatura de 50 
°C por un tiempo de 55 horas. Se utilizó un molino de cuchillas 
(INOX-EQUIP) para obtener un tamaño de partículas finas y se 
preservó en fundas herméticas a la temperatura ambiente4.

Obtención del extracto a nivel de laboratorio y de banco
Para obtener el extracto se utilizaron tres biorreactores 

con volúmenes de 0,5 L, 3 L y 5 L (Tabla 1).

El número de potencia por unidad de volumen se determi-
nó por el consumo de potencia (N) dividido por el volumen (V) 
del biorreactor.

La distancia mínima al fondo del biorreactor se calculó 
con la ecuación III donde Zi es la distancia entre el agitador con 
el fondo del biorreactor y D el diámetro del biorreactor.

Obtención de un extracto rico en carotenoides con capacidad antioxidante a escala de banco a partir de residuos agroindustriales del tomate de árbol (Solanum betaceum)
Obtaining an extract rich in carotenoids with antioxidant capacity on a bank scale from agro-industrial residues of tree tomato (Solanum betaceum)

Tabla 1. Dimensiones de los biorreactores utilizados en la ex-
tracción.

Para extraer los carotenoides del material vegetal se 
utilizó el método descrito por (6) que utilizó una relación de 
material vegetal/volumen de disolvente 1:70, como disolvente 
orgánico etanol al 96%, un tiempo de extracción de 30 minutos 
a una temperatura de 50 °C. El proceso de extracción de caro-
tenoides se realizó por triplicado en cada biorreactor.

Mediante la ecuación I se determinó la velocidad de agita-
ción (n) para cada impelente, donde N es la potencia por unidad 
de volumen en watts, kn es igual a la constante 0,3 para el 
etanol, ρ es la densidad del etanol en kg.m-3 y d5 es el diámetro 
del impelente en metros elevado a la quinta potencia.

Para los factores de forma se utilizó relación de diámetro 
de impelente (d)/diámetro de tanque (D) constante.

Caracterización de los extractos vegetales
La caracterización físico-química se realizó a los extractos 

vegetales obtenidos en los tres volúmenes para los ensayos 
de: porcentaje de humedad, pH, índice de refracción, viscosi-
dad, concentración de licopenos y eficiencia de extracción.

La determinación del porcentaje de humedad se realizó 
mediante la utilización de una balanza de humedad (KERN 
MLS 50-3) a través de energía infrarroja. Consistió en un mé-
todo termogravimétrico, el principio es la determinación de la 
pérdida de peso por medio del secado, esto es pérdida de agua, 
sustancias volátiles como alcoholes, disolventes orgánicos, 
entre otros productos que se pueden descomponer por acción 
de la temperatura7.

Se determinó el pH utilizando el método potenciométrico 
a través de un pH-metro (Thermo Scientific ORION VERSAS-
TAR). El funcionamiento del pH-metro implica la medición de 
una diferencia de potencial entre un electrodo de referencia y 
un electrodo de vidrio que actúa como una membrana selec-
tiva que permite el paso de hidrogeniones. Esta diferencia de 
potencial hace referencia a la ecuación de Nernst8.

Para el índice de refracción se utilizó un refractómetro 
(ABBE NAR-2T) en un rango de medición de 1,30 a 1,70 de 
índice de refracción. El funcionamiento del equipo se funda-
menta en la refracción de la luz de una sustancia que es igual 
al cociente entre la celeridad de la luz en el vacío y la celeridad 
de la luz en la sustancia analizada9, relacionado con las propie-
dades físicas como la densidad.

Se determinó la viscosidad con un viscosímetro capilar 
(CANNON 150 Z285), este método consistió en pasar fluido 
a través de un capilar a temperatura constante, midiendo el 
tiempo requerido para que un volumen del líquido escurra des-
de una marca superior hasta una marca inferior grabada en el 
viscosímetro10.

Se determinó la eficiencia de extracción a través de la re-
lación entre la masa de licopenos extraída y la masa del resi-
duo vegetal seco utilizado en el proceso de extracción.

Ecuación 2. 

Ecuación4. 
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Microencapsulación del extracto mediante secado por 
aspersión

El extracto obtenido a escala de banco en el volumen de 
5 L se concentró con la utilización del equipo rotavapor (IKA 
RV8) a una temperatura de 50 °C y una velocidad de agitación 
de 200 rpm11. Se preparó una emulsión a partir del extracto 
concentrado de licopeno utilizando un 15% de agua destilada 
y un 85% de maltodextrina/goma arábiga. Se utilizó el equipo 
mini spray dray (BUCHI-B290) a la temperatura de 120 °C y 80 
°C para la entrada y salida respectivamente del equipo.

Determinación de la actividad antioxidante
Se realizo mediante el uso del reactivo 2,2-difenil-1-picril-

hidracilo (DPPH), este radical reacciona con compuestos an-
tioxidantes resultando en un cambio de coloración, el cual se 
determina utilizando un espectrofotómetro (Fisher Scientific 
accuSkan GO) a la longitud de onda de 515 nm12. Se realizó 
una curva de calibración con Trolox como antioxidante de refe-
rencia con concentraciones en el rango de 50 a 500 μmol.L-1. 
Se determinó el porcentaje de inhibición del DPPH a través de 
la ecuación VI, donde Am es la absorbancia de la muestra y 
Ab la absorbancia del blanco reactivo. Se expresó la actividad 
antioxidante como equivalentes a μmol de Trolox/L.

rámetros analizados en el cambio de escala en los volúmenes 
de 0,5; 3 y 5 L.

Para la velocidad de agitación se da una disminución por 
efecto de las dimensiones de cada biorreactor con el agitador. 
El consumo de potencia es la disipación de la energía mecáni-
ca en el fluido a través del agitador que genera fricción entre 
las capas del fluido13. En efecto el consumo de potencia se re-
laciona de forma directa con el volumen del biorreactor, ade-
más el diámetro del agitador es la variable que más influye en 
la determinación de la velocidad de agitación. Entonces al in-
crementarse el volumen de 0,5 a 5 L se incrementó la potencia 
consumida, pero la velocidad de agitación fue menor porque el 
diámetro del impelente se incrementó.

En la relación diámetro del agitador con el diámetro del 
biorreactor se buscó la más cercana entre los tres biorreac-
tores existiendo una diferencia de 0,081entre el de 0,5 L y el 
de 5 L, que se consideró como un valor poco significativo que 
no influyó en el número de potencia como mencionan García y 
Jáuregui13 que si el valor de la relación d/D aumenta el número 
de potencia también aumenta.

Caracterización de los extractos vegetales
En la tabla 3 se muestran los resultados obtenidos en la 

caracterización físico química de los extractos obtenidos en las 
tres escalas.

Los resultados de porcentaje de humedad se encontraron 
en un intervalo de 99,85 a 99,9%, mediante un análisis estadís-
tico ANOVA se identificó que existieron diferencias estadísticas 
significativas entre los tres volúmenes valor de p= 0,0488 (Ta-
bla 4).

El resultado obtenido del diseño factorial para la variable 
respuesta pH indicó que existieron diferencias significativas 
entre los tres volúmenes de extracción valor de p= 0,0007 (Ta-
bla 5). Los valores registrados se encuentran en el intervalo 
mínimo de 5,58 y un máximo de 5,68 considerando que la fruta 
del tomate de árbol se encuentra en un pH alrededor de 3,77 
según manifiesta Carrasco y Encina14 en su investigación y al 
estar en un medio con etanol se incrementa el pH.

Para el índice de refracción no se encontraron diferencias 
estadísticas significativas valor p= 0,7865 (Tabla 6). El etanol 
en los extractos se encuentra en un porcentaje mayoritario 
respecto a los carotenoides.

Los resultados para la viscosidad cinemática no mostra-
ron diferencias estadísticas significativas obteniendo un valor 
de p= 0,8669 (Tabla 7). Según Aguado, Nuñez, Bela, Okulik y 
Bregni15 para el extracto etanólico de Aloysia polystachya de-
terminó la viscosidad cinemática a 37,8 °C obteniendo un valor 
de 1,037 cSt.s-1. En contexto de que no existieron diferencias 
significativas en la escala de laboratorio y banco se puede atri-
buir a la realización del proceso de extracción a tiempo y tem-
peratura constante. En un mayor tiempo a una temperatura 
determinada se incrementa la viscosidad y al no existir una va-
riación de tiempo y temperatura los resultados no presentaron 
diferencias significativas.

El análisis estadístico indicó que no existió una diferencia 

Ecuación 5. 

Determinación del porcentaje de eficiencia de 
microencapsulación

Se calculó a través de la relación entre la concentración 
de licopeno obtenida al disolver el microencapsulado en agua 
(CA) y en etanol (CE) (ecuación VII).

Espectroscopía infrarroja
Se realizó un análisis de espectroscopía infrarrojo por 

trasformadas de Fourier (FTIR) en una frecuencia de 400 a 
4000 cm-1 a las muestras del extracto vegetal concentrado, 
microencapsulado y mezcla de polímeros utilizando un espec-
troscopio infrarrojo (Jasco FT/IR 4100).

Análisis estadístico
Se realizó un diseño completamente al azar, en el cual el 

factor de cambio fueron los volúmenes de extracción a nivel 
de laboratorio y banco con tres réplicas. Se utilizó el software 
Statgraphics Centurion (versión XVI.I) en el análisis ANOVA y 
para la comparación de medias entre los tres volúmenes para 
un nivel de significación del 95%.

Resultados y discusión 

Obtención del extracto a nivel de laboratorio y de banco
En la tabla 2 se muestran los valores obtenidos de los pa-

Ecuación 7. 
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Tabla 2. Resultados de los cálculos de 
desescalado.

Tabla 3. Resultados de la caracterización 
físico química de los extractos.

Tabla 4. ANOVA para % de humedad por 
Volumen (L)

Tabla 5. ANOVA para pH por Volumen (L).
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significativa entre la concentración de licopenos en los tres 
volúmenes de extracción (valor p= 0,1639, (Tabla 8)), como 
consecuencia de que en la extracción se utilizó igual relación 
material vegetal/volumen de disolvente en los tres volúmenes 
lo que favorece a la no variabilidad de los resultados.

En el análisis de medias se obtuvo un valor p= 0,3186 
(Tabla 9) lo que demuestra que no se encontraron diferen-
cias estadísticas significativas en los tres volúmenes para la 
eficiencia de extracción, obteniendo el valor más elevado en 
el volumen de 0,5 L con 35,47 mg de licopenos en 100 kg de 
material vegetal (35,473 mg.kg-1), encontrándose este valor 
dentro del rango reportado en literatura de 5 a 45 mg.kg-1 con 
temperaturas de extracción de 25 – 60 °C y tiempos de extrac-
ción de 30 min utilizando cáscaras de tomate5. Este valor se 

encuentra similar a otros reportados en bibliografía donde de 
una cantidad de 100 g de residuo vegetal se han logrado obte-
ner alrededor de 4 mg de carotenos14.

Microencapsulación del extracto mediante secado por 
aspersión

Se determinó la actividad antioxidante en el microencap-
sulado obtenido del extracto del volumen de 5 L alcanzando un 
valor de 21,73 % de inhibición del radical DPPH.

Se obtuvo la siguiente ecuación lineal (Ecuación VIII) con 
un coeficiente de correlación de 0,996 obteniendo una concen-
tración equivalente a Trolox de 142,72 µmol.L-1.

Se obtuvo un valor de 99,39% de porcentaje de eficien-
cia de microencapsulación (E.M) lo que demuestra que la re-

Tabla 6. ANOVA para Índice de refrac-
ción por Volumen (L).

Tabla 7. ANOVA para Viscosidad Cine-
mática (cSt.s-1) por Volumen (L)

Tabla 8. ANOVA para la concen-
tración de licopenos (mg.L-1)

Tabla 9. ANOVA para la Eficien-
cia de Extracción en mg.kg-1.

Ecuación 8. 
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lación polímeros y temperaturas utilizados en el proceso son 
óptimas. En comparación con datos bibliográficos de Pérez6 el 
porcentaje de eficiencia de microencapsulación para el mismo 
compuesto activo es similar, en el cual obtuvo una eficiencia 
del 96,5% utilizando una mezcla  de estos polímeros. Se corro-
boró este elevado porcentaje de eficiencia de la microencap-
sulación a través de espectroscopía infrarroja utilizando una 
frecuencia de absorción entre 580 – 4180 cm-1 y 40 – 110% de 
transmitancia (Figura 1). Se observó que el microencapsulado 
produjo un espectro infrarrojo muy similar que la mezcla de 
polímeros, confirmando que los licopenos se encuentran en el 
interior de las microcápsulas.

Conclusiones
Se extrajeron carotenoides a partir de los residuos agroin-

dustriales del tomate de árbol, obteniendo a escala de ban-
co (volumen de 5 L) una concentración de licopenos de 0,514 
mg.L-1 con un rendimiento del proceso de extracción de 34,34 
mg.kg-1.

Se caracterizó el ingrediente activo presente en el extrac-
to y mediante el análisis estadístico ANOVA con un nivel de 
confianza del 95% se concluyó que no existieron diferencias 
estadísticas significativas de los resultados obtenidos entre 
los tres volúmenes para las variables de respuestas: índice de 
refracción, viscosidad cinemática, concentración de licopeno 
y eficiencia de extracción, mientras que para el porcentaje de 
humedad y pH si existieron diferencias significativas.

Se micro encapsuló el extracto obtenido en el volumen 
de 5 L registrando resultados del porcentaje de eficiencia de 
microencapsulación de 99,39% corroborado mediante espec-
troscopía infrarroja.
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Abstract: A total of 48 species of fish fauna were identified during the present study period. The dominant species of fish were 
found under order Perciformes in all study areas. The most species composition (40) was recorded in Setse fish landing area. 
The commercially important fish species were mostly found in Kyaikkhami area. Moreover, 17 species of fish were exported to 
other regions and foreign countries. Among the fish species, species such as Threadfin (Polynemidae), Croaker (Sciaenidae), Hilsa 
(Clupeidae), Bombay duck (Harpadontidae), Anchovy (Engraulidae), and Pomfret fish (Stomateidae) were the most economically 
important species. Bombay duck and Anchovy (especially Coilia dussumieri) were more abundant (70%) at the present study sites. 
Harpodon nehereus and Coilia species were the leading food employed as fresh and dried for local people in the present study areas.

Key words: Ichthyology, Taxonomy, Compositions, Occurrence, fish landing centers, Thanbyuzayat Township, Mon Coastal Areas.

Introduction
Myanmar is endowed with natural resources, including 

rich and various aquatic fauna and flora due to her diversified 
and the most favorable climate, topography, and habitats. Mon 
State is located between Latitude 15º 10' N and 17º 30' N and 
Longitude 96º 46' E and 98º15' E with a unique ecosystem. The 
Gulf of Mottama faced the Bay of Bengal on the East and the 
Andaman Sea in the south. This gulf is situated at the mouth of 
the Sittaung and the Thanlwin Rivers along with the two small 
rivers, the Gyine and the Attaran. This coastal area is charac-
terized by the fluctuations of seawater flood and freshwater 
discharge. Mon State areas are covered with estuarine regions 
characterized by a variable salinity, a temperature range more 
significant than the sea, and turbid water and muddy bottom 
(Ohmar Min1). Economically, the fish component is a significant 
group of animals. Fish and fish products are an essential part of 
the diet in Mon State.

Both freshwater and marine fisheries are essential in Myan-
mar since the local people's livelihood from riverine areas, and 
the coastal areas depend on the fishes and fisheries. Fisheries 
are a critical commercial function and domestic or export role to 
South East Asia and worldwide to earn foreign currency (Ohmar 
Min1). Ish is one of the most critical animal protein resources 
in Myanmar. They can be utilized as food in many ways, such 
as dried, salted, smoked, paste, sauce, and fresh state locally 
and export to many other countries for commercial purposes. 
This study aims to determine fish species compositions and to 
analyze species distributed in Thanbyuzayat Township. 

Materials and methods 

Study areas
Fish samples were collected from the fish landing centers 

of Thanbyuzayat Township. The study areas were chosen at 
three sites, namely Kyaikkhami (Lat. 16° 03¢N, Long. 97° 33¢ 
E), Setse (Lat. 15° 56¢N, Long. 97° 37¢ E) and Sinpone (Lat. 
16° 03¢N, Long. 97° 33¢ E).  Kyaikkhami landing site was the 
main landing center along with the Thanbyuzayat Township. 
Moreover, in Setse and Sinpone, the bag net fishery was mainly 
conducted in this Township. The locations of fish landing sites 
were shown in Figure 1.

Sampling and identification of specimens
This study was conducted at Kyaikkhami, Siphone and 

Setse, situated at the of Thanlwin River mouth, from June 
2019 to May 2020. Color patterns and measurements of the 
samples were recorded immediately after collections. The 
specimens were transported with icebox containing ice. The 
collected specimens were then preserved in 10% formaldehy-
de in seawater under room temperature within one week. The 
specimens examined visually were deposited in the Depart-
ment of Marine Science, Mawlamyine University, Mawlamyine. 
The species' identification was based on external morpholo-
gical characters followed by Carpenter, Krupp, Jories and 
Zajonz2, Fischer and Bianchi3, Day4, Mya Than Tun5, and Sann 
Aung6.
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Figure 1. Map showing the fish landing centers during the 
present study.
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Results

Fish Composition and Occurrence
In the present study, the highest number of species (40) 

was found in Setse, followed by Kyaikkhami (35) and Sinpone 
(32) sites (Table 1 and Figure 2). The present study results re-
vealed that 48 fish species' occurrence belongs to 12 orders, 
31 families, and 42 genera (Figure 3). A list of fish species, in-
cluding their order, family, species, common name, and local 
name, was recorded in the present investigation was given in 
Table 1. During the present study period, Order Perciformes 
was dominant represented 22 species with 45.83% contri-
bution of the total species followed by Clupeiformes with 11 
species (22.92%), Tetrodontiformes with 3 species (6.25%) 
and Mugiliformes, Pleuronectiformes and Siluriformes each 
with 2 (4.17%) species, Carcharhiniformes, Myliobatiformes, 
Torpediniformes, Anguilliformes, Beloniformes and Gadifor-
mes each with 1 (2.08%) species (Table 2). Out of 42 genera 
reported, Perciformes contributed 47.62%, i.e., 20 followed 
by Clupeiformes with 8 (19.05%), Tetrodontiformes with 3 
(7.19%), Mugiliformes and Siluriformes each with 2 (4.76%), 
Carcharhiniformes, Myliobatiformes, Torpediniformes, Angui-
lliformes, Beloniformes, Gadiformes and Pleuronectiformes 
each with 1 (2.38%) (Table 2). Out of 31 families recorded, or-
der Perciformes contributed 15 (48.39%) families followed by 
Clupeiformes with 4 (12.90%) families, Siluriformes and Tetro-
dontiformes each with 2 (6.45%) families, Carcharhiniformes, 
Myliobatiformes, Torpediniformes, Anguilliformes, Belonifor-
mes, Gadiformes, Mugiliformes and Pleuronectiformes each 
with 1 (3.23%) families (Table 2). In the present study, the spe-
cies ranged from 32 and to 40.  The previous study reported in 
Table 3 that it was similar to the present study areas.

Discussion
In the present study, 48 fish species belong to 12 orders, 

31 families, and 42 genera were recorded. During the present 
study period, Perciformes was the most dominant order in all 
orders. In some previous studies from Myanmar Coastal Wa-
ters, Su Su Hlaing7 reported 70 species to belong to 61 gene-
ra under 42 families of 15 orders from Thanlwin River mouth 
and the adjacent sea. Moreover, Cho Cho Latt8 found 5 species 
of Anchovy (Family Engraulidae), and Thazin Aye9 identified 6 
species of Family Engraulidae, but only five species were re-
corded in the present study. Setipinna wheeleri and Thryssa 
hamiltonii was not found in the present study.  Thu Ya Kyi Zin10 
51 species from Thalwin River mouth, Zin Zin Zaw11 35 fish 
species in Asin Coastal areas. Min Ye Lwin Oo12 observed Chi-
rocentrus nudus and C. dorab in Zeephyuthaung; however, only 
C. nudus has occurred in the present study.

Thandar Aung13 described 27 species of family Carangi-
dae from Tha-baw-seik, Khin Myo Myo Tint14 47 species of fish 
from Ka-byar-wa area (Ye Township), Yin Yin Win15 61 species 
from Andin Village (Ye Township), Khin Myo Myo Tint16 69 fish 
species around Mein-ma-hla Island, Kaung Htet Hein17 25 spe-
cies from Kadonebaw Village (Mudon Township).  Wint Thuzar 
New18 also reported 40 species along Attran ang Gyain River, 
and Su Su Hlaing19 observed 96 species of fish belong to 71 ge-
nera under 48 families of 17 orders from Thanlwin River mouth 
and adjacent waters. (Figure 4)

In the present study, species ranged from 32 to 40. The 
fish species such as Strongylura strongylura, Coilia dissumieri, 
C. ramcarati, Setipinna tenuifilis, Arius caelatus, A. maculatus, 

Hapadon nehereus, Polynemus indicus, P. paradiseus, Johinus 
coitor, Otoloithoides pama, Sillaginopsis panijus, Pampus ar-
genteus, Therapon jarbua, Trichiurus lepturus, Cynoglossus 
bilineatus and C. lingual were commonly found in present 
study areas. Su Su Haling7 also reported that Coilia dissumie-
ri, C. ramcarati, Setipinna tenuifilis, Arius caelatus, A. macu-
latus, and Hapadon nehereus were commonly found in Setse 
areas.  In the present study, T. lepturus (Family- Trichiuridae) 
was found, but L. savala and T. lepturus were reported by Ei 
Ei Khaing20. In the present study, two species of Atropus atro-
posa and Parastromateus niger under Carangidae were found 
while 27 species of Carangidae were found in Tha-baw-seik, 
Longlone Township (Thandar Aung13). In the previous study, Su 
Su Hlaing7 recorded 56 species in Setse and Kyaikkhami areas 
while 40 species in Setse and 35 species in Kyaikkhami areas 
during the present study period. Moreover, Su Su Hlaing20 also 
reported 71 species in Kyaikkhami area and 69 species in Setse 
area, respectively.

Sekhara Ra, Simhachalam, and Sebastian Raju21 reported 
Mystus vittatus and Clarias batrachus are of high economic 
importance in Andhra Pradesh, India M. vittatus was low eco-
nomic value in present study areas. Mohanty et al.22 reported 
317 species (18 cartilaginous and 299 bony fishes) belonging 
to 207 genera, 88 families, and 23 orders in Chilika Lake, Odi-
sha, India 1916-2014. In the present study, only 3 species of 
cartilaginous fish (C. borneensis, H. imbricate and N. brunnea) 
were found. Niloy Kundu et al.23 also reported 31 species in the 
intertidal mudflats of Indian Sundarbans. In the present study, 
Bombay duck and Anchovy were more in abundance at all 
study sites. Among the anchovies' species, C. dussumieri and 
H. nehereus were the most abundant species in the catches 
of bag net fishery and popularly consumed in Mon State and 
exported to other regions dried product. Su Su Hlaing20 also 
recorded Coilia dussumieri was the most abundant species in 
the catches of bag net fishery and popularly consumed in Mon 
State. In present study areas, some fishes such as P. indicus, P. 
paradiseus, H. nehereus and C. dussumieri were highly valued 
and favored by local people in Mon State. ( Figures 5.6.7.8)

Otherwise, some economic species are considered value, 
abundance, and local demand and export. And the fishes were 
utilized as food in various ways such as fresh, dried, salted, 
smoked, and even some trash fishes can be made as fish paste 
and fish sauce. H. nehereus was the most popular fish food 
as fresh and production of dried fishes in Mon Coastal Region.

Conclusions
In the study, 48 species of fishes were recorded from the 

three fish landing centers located at the Thanbyuzayat Towns-
hip, Mon State. The fish under the order Perciformes was 
found commonly in the study period. During the study, diverse 
species of commercial fish species; Croaker (Sciaenidae), Hilsa 
(Clupeidae), Bombay duck (Harpadontidae), and Anchovy (En-
graulididae) were found commonly in the study period. They 
are essential for local people as food and support finance by 
exporting them to other areas and foreign countries. In all data 
collections, small fishable sizes were collected from large 
ones from all study areas.
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Table 1. Classified list and Species composition of some fish from Fish landing centers during study period.
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Table 2. Number and percent composition of families, genera, and species of fish under various orders.
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Figure 2. Fish species composition reported in Fish Landing Areas.

Figure 3.Composition of different fish taxa recorded from Kyaikkhami, Sinpone and Setse Fish Landing Areas.
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Figure 4.Percentage contributions of Species to the Orders.

Figure 5 (A-L). (A-L): A) Carcharhinus borneensis, B) Himan-
tura imbricate, C) Narcine brunnea, D) Congresox talabon, E) 
Strongylura strongylura,  F) Chirocentrus nudus, G) Anodon-
tostoma chacunda, H) Tenulosa ilisha, I) Tenulosa toli J) Coilia 
dussumieri, K) Coilia ramcarati and L) Setipinna taty (Scale 
bar= 5cm)

Figure 6 (A-L). A) Setipinna tenuifilis, B) Stolephorus baga-
nensis C) Ilisha megaloptera, D) Raconda russeliana, E) Breg-
maceros sp, F) Mugil cephalus, G) Valamugil georgii, H) Arius 
caelatus, I) Arius maculatus, J) Atropus atropos, K) Parastro-
mateus niger and L) Lates calcarifer (Scale bar= 5cm)
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Table 3. A comparison of fish species' occurrence and their local consumption role and export during the present study.
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Figure 7 (A-L). A) Gobioides buchanani, B) Taenioides graci-
lis, C) Harpadon nehereus, D) Secutor ruconius, E) Eleuthe-
ronema tetradactylum, F) Polynemus indicus, G) Polynemus 
paradiseus, H) Scatophagus argus, I) Johnius coitor, J) Otoloi-
thoides pama, K) Rastrelliger kanagurta, L) Scomberomorus 
guttatus (Scale bar= 5cm)

Figure 8 (A-L). A) Siganus canaliculatus, B) Sillaginopsis pa-
nijus, C) Pampus argenteus, D) Therapon jarbua, E) Trichiurus 
lepturus, F) Cynoglossus bilinecatus, G) Cynoglossus lingua, 
H) Clarias batrachus, I) Mystus vittatus, J) Lagocephalus luna-
ris, K) Xenopterus naritus, L) Triacanthus nieuhofii (Scale bar= 
5cm)
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Introduction
Environmental pollution is an issue that has been a threat 

to the world for many years and is presently a significant pro-
blem because of the rapid population growth in developing 
countries1. The burden of increasing waste and its control in 
urban areas of developing countries is an environmental con-
cern. This situation grew worse due to the lack of technology 
to help reduce the heap of wastes2. Another global problem is 
soil pollution resulting from waste discharges freely dumped 
into the environment. The richest reservoir of microorganisms 
in the soil play a significant role in the ecosystem because its 
continuity depends mainly on it. If the soil becomes polluted, 
the ecosystem is tilted, and agricultural activities are disrup-
ted3,4. A major problem of many urban areas in Nigeria is the 
low sanitary condition best described by Sule5 as indiscrimina-
te waste disposal and the ability to reduce it to the minimum 
and the low usage of laws for this waste disposal problem. 
These abnormal waste dumping methods have created many 
problems such as sanitation and environmental issues, an im-
balance of groundwater, and soil pollution and water resour-
ces6. This pollution problem either on air, water, or land caused 
by man's day to day  activities is rapidly growing to the point 
that it can no longer be managed and will be seen as a usual 
way of life. This issue hurts human health and well-being.

One of the by-products of animals is fat7, and it can be 
edible or inedible depending on the animal and the animal’s 
part it is gotten from. Cattle are a source of protein and fats8. 
Fat has an essential role in meat quality. Surface fat stops fre-
quent cooling of the underlying muscle tissues, which lowers 
the tendency of cold-shortening and lowers weight loss due 
to chilling. The hardness or softness of fat directly impacts 
its processing efficiency also fat and adds to meat's benefi-
cial properties. Physical properties to look out for in fat are 
color, hardness, and texture. The better the properties of fat, 
the higher the market value. It is known that 85% of fat tissue 
consists of triglycerides located in the fat cells; for every tri-
glyceride, three molecular fatty acids are found in it. The other 
part of the fat tissue consists of approximately 12% moisture, 
and the connective tissue is approximately 3%. Different types 
of collagen and various cross-linking levels are crucial to the 
structure of fat tissue, and these affect the texture and streng-

th of fat at any temperature, and it depends on the composition 
of its fatty acid and the molecules that constitute its triglyce-
rides. Palmitic and stearic acids are saturated fatty acids with 
high melting points of about 65-70°C, and this account for hard 
fat, unlike palmitoleic and oleic acids, which are unsaturated 
fatty acids with low melting points of 0-15°C and contribute 
to softness. The temperature at which fat melts depends on 
the amount each fatty acid contributes. In Australia, prolonged 
grain feeding enhances fat color, leads to a uniform product, 
and a rise in the hardness of fat9.

Mature Pigs are known to have fat. Feeding habits, the 
composition of animal feeds, breed diversity, animal age, and 
other factors are significant contributors to the quality of pork 
fat10. Pork's quality may increase or decrease as a result of 
nutrition, genetics, management, and pork-processing proce-
dures. Pigs' lean genotype fed with diets high in unsaturated 
fat might possess thinner and soft fat at their bellies, which 
is of low quality11. This reduction in fat quality is related to 
their thinner bellies, which might negatively affect the proces-
sing, separation of tissue, and stability during storage. Several 
factors define Pork's quality, such as color, consistency, and 
keeping quality, and these are affected by the size of the fat 
deposits located in the pig and the composition of dietary fat. 
The fatty acid profile of pork fat represents the role played by 
each source of dietary fat12,13,14.

Oleic and palmitic acids are the primary fatty acids in 
beef fat15.  Many factors, such as the breed of Cattle, sex, diet, 
weight, age, fatness, and environmental conditions, including 
climate and season, are known to affect the composition of fat 
tissue in cattle. Although the factors do not apply to all cattle, 
the cattle known as Brahman are known for higher unsatura-
ted fat content than a few other breeds. Brahman-cross catt-
le have softer fat when compared to purebred Hereford and 
various crossbreeds. Most likely, age plays a significant role 
in the unsaturation of fat; the older an animal becomes, the 
more unsaturated fat it is likely to have. Colder climates are 
known to have Cattles with softer subcutaneous fat. When a 
healthy cattle grazes green pasture, it utilizes the yellow pig-
ments in these plants known as carotenoids, beta-carotene, 
which makes up a larger part of carotenoids and gives the fat 
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Abstract: Developing countries are known to dispose of waste indiscriminately into their environment, off which fat is one 
of them. These fats release awful odor making passersby uncomfortable and also breeds microorganisms. Environmental 
factors such as rainfall, sunlight, and wind aid the migration of these fats to other sites, thereby leading to contamination. Total 
heterotrophic plate count of pork fat ranged from 4.0 x 105 cfu/g to 4.2 x 105 cfu/g and its total coliform plate count was from 
3.8 x 105 cfu/g to 4.0 x105 cfu/g while the total heterotrophic plate count of beef fat ranged from 3.1 x 105 cfu/g to 3.5 x 105 cfu/g 
and its total coliform plate count was from 2.4 x 105 cfu/g to 2.8 x105 cfu/g. E.coli and Salmonella sp. were the highest occurring 
in both fats. Pork fat had more microbial count than beef fat. Fats can be converted to useful products, which will reduce waste 
in the environment. Statistical analysis showed a significant difference in mean counts of pork and beef fat samples at p≤0.05.
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its color. Most fats are known to have a cream or yellow color.    
This research aims to identify the impact of fats in the en-

vironment and the microbial load.

Materials and methods 
Fat samples were collected from slaughterhouses in 

Umuahia, Abia State, Nigeria. These samples were collected in 
sterile polythene bags and transported within 45 minutes for 
microbiological analysis (Figure 1). All laboratory procedures 
were done aseptically. One gram of each mashed sample was 
introduced into 9ml of distilled water, the conical flask was ca-
refully shaken, and from it, ten-fold serial dilution was done16. 
The pour plate method was used to isolate microorganisms on 
MacConkey agar and Nutrient agar at 37oC for 24-48 hours. 
Pure isolates were identified and characterized. The other part 
of the fat that was not bought from slaughterhouses was dis-
carded as waste.

Results and Discussion
A total of ten samples were used for this study. Five out 

of the ten samples were pork fat, while the other five samples 
were beef fat. Total heterotrophic plate count (THPC) and total 
coliform plate count (TCPC) of pork and beef fat samples are 
shown in Figure 2. These samples had higher counts for total 
heterotrophic plate count than total coliform plate count.

Figure 2 shows that pork fat has a higher bacterial load 
than beef fat. This could be as a result of the physical appea-
rance of pork fat. Pork fat appeared wet with more oil content 
than beef fat. Research by Abdelwhab17 revealed that beef 
fat had lesser fat content than mutton fat. This slimy natu-
re of pork fat could be the reason behind its higher number 
of microbial load. Aymerich et al.18 identified that meat with 
aw between 0.94-0.99 promoted microbial growth. Also, pork 
fat might have higher nutrients than beef fats, which makes 
microorganisms thrive more in it. Lulietto et al.19 stated that 
meat has high protein, lipids, minerals, and vitamin contents 

Figure 1. Area of Study. Umuahia, Abia State, Nigeria.

Figure 2. Mean bacterial counts of pork fat and beef fat.
THPC: Total heterotrophic plate count
 TCPC: Total coliform plate count
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but low carbohydrate content, which allows some organisms 
to survive. Nychas et al.20 recorded that meat spoilage results 
from some available substrates such as glucose, lactic acid, ni-
trogenous compounds, and free amino acids present in the meat.

Four bacterial isolates were identified from this study, and 
they are Pseudomonas aeruginosa, E. coli, Salmonella sp., and 
Proteus sp. Odey16 isolated seven bacterial isolates, and they 
include Staphylococcus spp., Streptococcus spp., Escherichia 
coli, Salmonella spp., Bacillus spp., Pseudomonas sp., and Pro-
teus sp. The microbial counts from nutrient agar from their 
sample was from 1.4 x 105 cfu/g to 3.5 x 105 cfu/g. Lamb21 iden-
tified Samonella sp. in all fat and oil samples, including beef 
tallow and pig lard. Shaffer22 stated that the common bacterial 
contaminants in Pork are E. coli, Salmonella sp., S. aureus, and 
Yersinia enterocolitica and that the intrinsic properties of meat, 
such as pH and moisture promotes microbial growth, and also 
does the extrinsic factor such as temperature.

Results from percentage occurrence showed that E. coli 
and Samonella sp., highly occurred in both samples, Pseudo-
monas sp. and Proteus sp.,  were more in pork fat than beef 
fat.  Yannick et al.8 recorded 81.8% for Staphyloccocus aureus, 
72.7% for Klebsiella pneumonia, 54.4% for Escherichia coli, 
45.4% for Salmonella spp., 27% for Proteus vulgaris, and 9% 
for Shigella spp. Figure 3 is a representation of the percentage 
occurrence of bacteria in both fats. 

It could be possible that after processing these fats that 
the bacterial load of these fats will reduce as a result of hea-
ting or other techniques used on it. It could also be possible 
that the microorganisms in these fats are also released into 
the environment when dumped. When deposited as wastes 
into the environment, these fats begin to decay and release an 
offensive odor. The odor released could result from the action 
of the microorganisms already present in the fat, which most 
times begin the degradation process or the action of other mi-
croorganisms that find the fat as a source of energy. The deli-
cate nature of these fats may have contributed to the easy ac-
cess of these microorganisms, which, when broken down, will 
lead to more fat-loving microorganisms inhabiting these fats.

Environmental factors such as sunlight and rainfall fur-
ther promote the migration of the degraded fats, and this 
could be beneficial or harmful depending on their quantity in 
the environment. When these fats are washed in small quan-
tities into the environment, it is tolerated, but when in large 
quantities, they will either compete or work in synergy with 
the existing nutrients in such an environment. The oil released 
by these fats covers the surface (water or soil) they occupy, 

thereby preventing such environment and the microorganisms 
in the environment from getting the essential nutrients needed 
for their growth. This might be the reason for the awful odor gi-
ven out by these wastes (fats). These decaying fats could trig-
ger the degradation of other materials in the environment. The 
dumped fats and other wastes are not a sight to behold as it 
makes the environment look unhealthy. Ifeoluwa23 stated that 
solid wastes lead to soil, air, and water contamination, which 
creates health challenges and is a significant problem to man 
and its environment, especially those who live closer to areas 
where these waste release offensive odors a result of decay.

Conclusions
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Combinaciones estables en morfología y polaridad de las ondas electrocar-
diográficas P, QR y T en bovino, como referencia para el diagnóstico
Stable combinations in morphology and polarity of the electrocardiographic P, QR and T waves 
in cattle, as a reference for diagnosis

Alberto Pompa Núñez1, Dania Yusimí Pompa Rodríguez2 DOI. 10.21931/RB/2020.05.04.16
Resumen: El objetivo de este trabajo fue determinar las combinaciones más estables en morfología y polaridad de las ondas 
electrocardiográficas P, QR y T obtenidas en varias derivaciones en el bovino, para su utilización diagnóstica. Se emplearon registros 
correspondientes a 100 bovinos Holstein, en 17 derivaciones, 7 bipolares y 10 monopolares. Las áreas donde se conectaron los 
electrodos fueron depiladas, frotadas con alcohol y se les aplicó pasta conductora de electricidad. El electrocardiógrafo fue 
calibrado con una señal de 1 mV/cm y una velocidad de corrida del papel de 25 mm/s. Como resultado, se encontró que los 
puntos de derivación que se sitúan hacia la base del corazón o hacia el ápice originan patrones de combinación P-QR-T con una 
gran constancia en la polaridad y poca diversidad morfológica. Las ondas R son positivas en la base y negativas en el ápice y las 
ondas P y T son en ambas regiones discordantes con la R, excepto en la derivación VH3, en la que P es concordante Se concluye 
que en las porciones de la superficie corporal  del bovino situadas por encima o por debajo de la línea que pasa por la derivación 
V3 en la que se obtienen registros nulos para QR, existe una elevada estabilidad en las características morfológicas y de polaridad 
de las combinaciones de las ondas P-QR-T, por lo que las derivaciones monopolares en cada una de estas áreas o las bipolares 
registradas entre una y otra, son muy útiles para diagnosticar las alteraciones cardíacas.

Palabras clave: Morfología, polaridad, ondas electrocardiográficas, bovino.

Abstract: This work's objective was to determine the most stable combinations in morphology and polarity of the 
electrocardiographic P, QR, and T waves obtained in various leads in cattle for their diagnostic use. Records corresponding to 
100 Holstein cattle were used in 17 leads, seven bipolar and ten monopolar. The areas where the electrodes were connected 
were depilated, rubbed with alcohol, and electrically conductive paste was applied. The electrocardiograph was calibrated with 
a signal of 1 mV/cm and a paper speed of 25 mm / s. As a result, it was found that the derivation points that are located 
towards the base of the heart or the apex originate P-QR-T combination patterns with a great constancy in polarity and little 
morphological diversity. The R waves are positive at the base and negative at the apex, and the P and T waves are in both regions 
discordant with the R, except in lead VH3, in which P is concordant. It is concluded that in the portions of the bovine body surface 
located above or below the line that passes through lead V3 in which null recordings are obtained for QR, there is a high stability 
in the morphological and polarity characteristics of the combinations of P-QR-T waves, so that the monopolar leads in each of 
these areas or the bipolar leads recorded between one and the other are very useful for diagnosing cardiac abnormalities.

Key words: Morphology, polarity, electrocardiographic waves, bovine.

RESEARCH / INVESTIGACIÓN

Introducción
El empleo de las técnicas electrocardiográficas es muy 

útil, tanto en el hombre como en los animales. En su estudio y 
aplicación se valoran los fenómenos de excitación del corazón 
que anteceden y provocan la contracción. La lectura correcta 
y completa de un trazado electrocardiográfico es la mejor ga-
rantía de que se pueda hacer el diagnóstico adecuado1. El co-
razón para contraerse y ejercer su función de bomba tiene que 
ser objeto primero del proceso de despolarización y repolari-
zación. Como consecuencia de esta actividad eléctrica se pro-
ducen diferencias de potencial que pueden registrarse a nivel 
de la superficie corporal como un electrocardiograma (ECG).

El registro de la electrocardiografía convencional, se basa 
en la toma de las tres derivaciones bipolares de Einthoven, las 
tres aumentadas de Goldberger y las seis precordiales o del 
plano horizontal, lo cual hace un total de 12 derivaciones, dis-
tribuidas en la colocación de 10 electrodos2. A consecuencia 
de la diferente disposición anatómica del corazón en la cavi-
dad torácica de los cuadrúpedos no es útil emplear los mismos 
puntos de derivación que en el hombre. En el caso particular 

del bovino, se ha establecido un conjunto de derivaciones es-
tables, cuya utilización práctica tiene una gran importancia en 
las razas productoras de leche como la Holstein, debido a que 
estos animales están sometidos a una alta intensidad metabó-
lica y expuestos a desbalances electrolíticos.

En las investigaciones iniciales que condujeron a la obten-
ción del sistema de derivaciones que originan registros esta-
bles, en cuanto a la polaridad de la onda P, el complejo QR y la 
onda T del ECG en el bovino, no se detalló el comportamiento 
morfológico de cada una de ellas en los diferentes puntos de 
la superficie corporal.  Sin embargo, es necesario contar con el 
registro más característico en cada derivación cuando se com-
binan los tres componentes entre sí, lo cual es un elemento 
muy importante para evaluar las lesiones y otras alteraciones 
cardíacas. Por eso, el objetivo de este trabajo fue determinar 
las combinaciones más estables en morfología y polaridad de 
las ondas electrocardiográficas P, QR y T obtenidas en varias 
derivaciones en el bovino, para su utilización diagnóstica.

Combinaciones estables en morfología y polaridad de las ondas electrocardiográficas P, QR y T en bovino, como referencia para el diagnóstico
Stable combinations in morphology and polarity of the electrocardiographic P, QR and T waves in cattle, as a reference for diagnosis
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Materiales y métodos
En esta investigación se registraron electrocardiogramas 

(ECG) a un total de 200 bovinos de la raza Holstein, clínica-
mente sanos y pertenecientes a diferentes grupos etarios de 
uno y de otro sexo empleando 20 derivaciones. Se selecciona-
ron, aleatoriamente, los registros correspondientes a 100 bovi-
nos Holstein, en 17 derivaciones, 7 bipolares y 10 monopolares 
de: 10 terneros, 10 terneras, 20 novillas, 20 vacas lactantes, 
20 sementales jóvenes y 20 adultos.  La edad promedio de las 
6 categorías estuvo comprendida entre 33 días y 7,8 años.  Los 
terneros, las novillas y las vacas lactantes fueron procedentes 
del distrito de producción de la Universidad Agraria de la Haba-
na (UNAH) y los sementales del Centro Nacional de Insemina-
ción Artificial “ROSAFE SIGNET” ubicado en San José de Las 
Lajas, provincia Mayabeque. Durante el muestreo los animales 
se mantuvieron en un estado de correcto aplomo sobre sus 
extremidades y aislados del piso por medio de una manta de 
goma. A las áreas donde se colocaron los electrodos se les 
aplicó pasta conductora de electricidad, después de haber sido 
depiladas y despojadas de grasa al frotarlas con alcohol. El 
electrocardiógrafo fue calibrado con una señal de 1 mV/cm y 
una velocidad de corrida del papel de 25 mm/s.

En la figura 1, se ilustran los puntos en los que se conec-
taron los electrodos para registrar derivaciones monopolares 
pericordiales, en forma de una circunferencia que encierra el 
plano transversal. Con ellas, se exploró el corazón en toda su 
periferia desde el ápice hasta la base tanto por el lado izquier-
do, con las derivaciones V5, V4, V3C, V2C, V3, V3H y V10, como por el 
derecho, con V1C y V6 colocadas simétricas a V2C y V3C, respecti-
vamente y V1H, por delante del hombro derecho. Se empleó una 
derivación bipolar para medir la diferencia de potencial entre 
las regiones de la base y del ápice del corazón (BA), colocando 
el electrodo explorador en V5 y el negativo en V10. Las deriva-
ciones bipolares estándares de extremidades DI, DII y DIII fue-
ron registradas según se han establecido clásicamente. Para 
obtener las derivaciones bipolares IH, IIH y IIIH se desplazaron 
los dos electrodos, conectados inicialmente en los metacarpos 
para el registro de las derivaciones estándares, hasta la altura 
de la articulación escapulohumeral.

Para determinar la cantidad de combinaciones entre las 
ondas P, QR y T con diferentes morfologías y polaridad se rea-
lizó una codificación de cada una de ellas, con la asociación de 
un número (Tabla 1).

más elevado de una misma secuencia de la Polaridad de las 
ondas P, QR y T y el menor número de combinaciones con dife-
rentes tipos de morfología.

Resultados y discusión 
En el electrocardiograma normal del hombre y de otros 

mamíferos categorizados en el grupo A, con frecuencia el 
complejo QRS está formado por tres ondas separadas: la onda 
Q, la onda R y la onda S4-7. En los animales que se categorizan 
en el grupo B como los bovinos y los equinos sólo aparecen 2 
ondas componentes, la onda Q y la R8,9. En todos los comple-
jos de despolarización ventricular registrados en esta investi-
gación aparecieron sólo estas dos ondas, independientemente 
del tipo de derivación utilizada. A partir de lo observado y de 
las comprobaciones eléctricas se pudo determinar que la pri-
mera onda corresponde a la Q y la segunda a la R. La onda Q 
es poco frecuente y de baja amplitud por lo que se tratarán 
en su conjunto como QR y la referencia a las combinaciones 
producidas entre todas las ondas del ECG será a través de la 
tríada P-QR-T. Otros autores han hecho referencia a esta ca-
tegorización electrocardiográfica de los animales en un grupo 
B10-13, pero se ha conservado hasta la actualidad la denomina-
ción clásica de complejo QRS14-17.

Aunque se encontraron 13 formas de ondas P, 22 del com-
plejo QR y 16 de la onda T que pueden originar muchas com-
binaciones, las detectadas con mayor frecuencia se reducen 
a 30 con morfologías diferentes. Al tener en consideración la 
codificación previa ilustrada en la tabla 1, se obtuvieron 3 tipos 
de combinaciones de polaridad P-QR-T (Fig 1): 1. Las ondas P y 
QR positivas y discordantes con T, para dar origen a un triplete 
+/+/-, 2. La onda QR positiva y la P y la T concordantes nega-
tivas, en una  combinación del conjunto -/+/- y 3. La onda QR 
negativa con P y T concordantes positivas, por lo que la polari-
dad de la combinación fue de +/-/+. Otras combinaciones apa-
recieron en las derivaciones que no manifestaron estabilidad ni 
en su polaridad ni en su morfología y por tal causa carecen de 
valor para el diagnóstico (Tablas 2 y 3).

En la electrocardiografía es importante tener la habilidad 
de interpretar, además de confianza para lograr una definición 
certera en el diagnóstico y en el tratamiento1,18-21, lo que tiene 
una gran relevancia para evaluar la fisiología cardiovascular, 
tanto bajo el efecto de medicamentos como en cualquier acti-
vidad física22-25. Al detectar los puntos que originan ondas elec-

Tabla 1. Codificación de las ondas electrocardiográficas en el bovino, acorde a su morfología.
Análisis estadístico

El procesamiento estadístico consistió en determinar la 
frecuencia de las combinaciones de morfología y de polaridad 
de las ondas P, complejo QR y T del ECG en cada derivación, 
a partir la codificación establecida para cada una de ellas3. Se 
realizó la prueba de comparación de proporciones para deter-
minar diferencias estadísticamente significativas entre deriva-
ciones, con relación a la cantidad de combinaciones encontra-
das. Se empleó como criterio para seleccionar las derivaciones 
más útiles en el diagnóstico las que mostraran un porcentaje 

trocardiográficas con estabilidad en cuanto a su morfología y a 
su polaridad, así como en el tipo de combinación que se esta-
blece con más frecuencia entre ellas, se pueden caracterizar 
los registros normales en esas derivaciones y adoptarlos como 
referencia para su interpretación diagnóstica. Sobre esta base, 
fueron descritas las combinaciones P-QR-T que aparecen con 
mayor frecuencia en las derivaciones monopolares y en las bi-
polares (tabla 2 y 3).

Se encontraron diferencias estadísticamente significa-
tivas (p<0,05), tanto en la morfología como en la polaridad 
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Figura 1. Puntos de colocación de los electrodos para registrar derivaciones monopolares. Registros monopolares en la base 
(B=»V10), en el ápice (A=»V5), en la línea isoeléctrica del corazón para QR (C=»V3) y en un punto próximo V3H.

Tabla 2. Combinaciones de diferentes forma y polaridad de ondas P, QR y T del ECG en bovinos en derivaciones monopolares (n = 100).

Tabla 3. Combinaciones de diferentes forma y polaridad de ondas P, QR y T del ECG en bovinos en derivaciones bipolares (n = 100).

Combinaciones estables en morfología y polaridad de las ondas electrocardiográficas P, QR y T en bovino, como referencia para el diagnóstico
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entre derivaciones basales, apicales y las próximas a la línea 
isoeléctrica que pasa por V3 (Fig. 1). En la base (en V10), QR es 
positiva, P y T son concordantes negativas para una polaridad 
de la combinación -/+/- y en el ápice (en V5) QR es negativa, P y 
T son concordantes positivas formando un triplete +/-/+.

El registro isoeléctrico para el complejo QR, se obtiene en 
la derivación V3 ubicada en el punto medio del segmento que 
une los puntos de las derivaciones V3C y V3H, con lo que se de-
muestra que durante la despolarización ventricular el corazón 
actúa como un dipolo dinámico. En el transcurso de dicho pro-
ceso, la recta que pasa por V3 separa la región superior o basal 
del corazón, que es positiva, de la ventral o apical que es nega-
tiva. Este dipolo origina al vector que se dirige hacia la base y 
describe al complejo QR. Por esta causa, en todos los registros 
basales el complejo QR es positivo como se puede evaluar en 
las derivaciones V10, V3H y V1H a los cuales corresponden, res-
pectivamente, los patrones morfológicos, según la codificación 
(tabla 1), 9.15.9, 1.1.9 y 9.1.9 con la polaridad indicada en tabla 
2. En la región apical, en V4 y V5, los registros para QR resulta-
ron negativos y las combinaciones morfológicas, respectivas, 
fueron de: 2.12.1 y 2.6.1 con el mismo tipo de combinación de 
polaridad de P, QR y T equivalente a +/-/+.

En las derivaciones apicales próximas a la línea isoeléc-
trica para QR (Fig. 1 y Tabla 2), tales como V2C, V3C, V1C y V6 se 
obtienen registros con menor estabilidad (p<0,05), en cuanto a 
las combinaciones morfológicas y la polaridad. Por esta causa 
se pueden considerar derivaciones de transición, ya que están 
más influenciadas por los desplazamientos del corazón, los 
cuales en el bovino pueden ser notables por repleción del ru-
men, la gestación y otros factores. 

Como el corazón se comporta como varios dipolos dinámi-
cos, de acuerdo a la porción que se va despolarizando, apare-
ce primero el correspondiente a la onda P, cuando el proceso 
de activación tiene lugar en las aurículas , a continuación se 
produce el que representa la despolarización ventricular cons-
tituido por el complejo QR y luego con la producción de la re-
polarización ventricular aparece el dipolo que caracteriza a la 
onda T26,27. El flujo de corriente producido en cada instante, del 
polo negativo al positivo, se representa por un vector, con su 
dirección, amplitud y sentido. Se ha comprobado que en los 
animales categorizados electrocardiográficamente en el grupo 
B los tres vectores difieren entre sí en dirección y sentido, el 
del mayor componente del complejo QR se dirige hacia la base 
del corazón y los correspondientes a P y T hacia el ápice3,8,28. En 
este sentido, debe recordarse que el electrocardiógrafo está 
diseñado de modo que cuando el vector que genera la onda se 
dirige hacia el electrodo positivo o explorador la deflexión es 
positiva y en caso contrario es negativa.

Tanto la evolución temporal del vector del dipolo como 
sus proyecciones en el cuerpo del sujeto están influenciados 
por las trayectorias de conducción eléctrica dentro del cora-
zón, las características geométricas intrínsecas al propio cora-
zón, su posición dentro del tórax y por la no homogeneidad del 
volumen conductor de los tejidos29.  

En la tabla 3, se muestran las características de las com-
binaciones P-QR-T en las derivaciones bipolares estándares de 
extremidades, de hombros y de BA. Entre los 1 700 registros 
realizados sólo se encontraron 4 en los que las combinacio-
nes de las 3 ondas fueron concordantes positivas y fue en la 
derivación bipolar de extremidad DI, que mide la diferencia de 
potencial entre el metacarpo izquierdo y el derecho, ambos co-
nectados eléctricamente a la zona de transición entre el ápice 
y la base del corazón (Fig. 1).

Las derivaciones DII y DIII también son de transición porque 
poseen la misma relación de proximidad a la línea isoeléctrica 

para QR que DI. En estas tres derivaciones se produce una ele-
vada cantidad de combinaciones de P-QR-T morfológicamente 
diferentes y una gran dispersión en los tipos de polaridad. Las 
características descritas les confiere muy poco valor para ser 
empleadas en el diagnóstico de alteraciones cardíacas como 
las que se detectan en el hombre30-33. Sin embargo, han sido 
empleadas en Veterinaria para evaluar el estado del ritmo car-
díaco al igual que en Medicina Humana, ya que estas alteracio-
nes se reflejan de alguna forma en cualquier derivación8,34-36.

Las derivaciones bipolares de hombro y la de base-ápi-
ce, que miden las diferencias de potencial eléctrico entre dos 
puntos alejados de la línea que pasa por el punto de la deri-
vación V3 resultaron de alta estabilidad, tanto en las combi-
naciones de la morfología como en las de la polaridad de las 
ondas P-QR-T. La colocación de los electrodos en la derivación 
IH se realiza de la misma forma que en DI, pero a nivel de los 
hombros y mide la diferencia de potencial entre dos puntos 
de la base del corazón. En las tres derivaciones restantes el 
electrodo explorador o positivo, amarillo para la derivación BA 
y verde para la IIH y la IIIH, se conectaron hacia la región del 
ápice y el negativo en la base. Dado que el vector QR se dirige 
hacia la base del corazón, se aleja del correspondiente electro-
do explorador y da como resultado un registro negativo en las 
tres derivaciones, con una combinación P-QR-T de +/-/+ en el 
100% de los animales, similar a la de V4 y V5 (Fig. 1).  La onda 
P se origina a nivel del nódulo   sinusal en la aurícula derecha 
y su vector se dirige hacia abajo37,38. Entretanto, el vector de la 
repolarización ventricular representado por la onda T, se inicia 
en la base de los ventrículos y también está dirigido hacia el 
ápice, al igual que en el hombre3,39,40.

Las derivaciones que muestran mayor constancia en la 
polaridad de las combinaciones de P-QR-T poseen también 
el menor número de combinaciones morfológicas diferentes 
(p<0,05). Sobre este aspecto se han hecho pocas referencias 
en la literatura y se le ha atribuido al ECG bovino una extraordi-
naria variabilidad, tanto en el complejo QRS como en la onda T, 
la cual posee un valor diagnóstico relevante en el hombre41,42. 
La distribución de cargas opuestas entre la base y el ápice, es 
el factor que determina que una misma onda electrocardio-
gráfica se pueda registrar en diferentes puntos de la superficie 
corporal positiva, negativa, bifásica o nula, tal como ocurre con 
la onda P en la derivación V6 donde alcanza 71 valores nulos y 
para  QR en V3, con 8 valores equivalentes a cero.

Conclusiones
Se comprobó que en las porciones de la superficie cor-

poral del bovino situadas por encima o por debajo de la línea 
isoeléctrica para QR, se obtienen ECG con mucha estabilidad 
en las características morfológicas y de polaridad de las com-
binaciones registradas en la tríada de las ondas P-QR-T, por lo 
que las derivaciones monopolares en cada una de estas áreas 
o las bipolares registradas entre una y otra, son muy útiles 
para diagnosticar las alteraciones producidas en la actividad 
cardíaca.
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Evaluación de la calidad del agua en el río Alambrado utilizando macroinvertebrados 
bentónicos como bioindicadores en la zona del embalse de la Laguna de la Mica
Assessment of water quality in the Alambrado River using benthic macroinvertebrates as 
bioindicators in Laguna de la Mica Reservoir

Christian García Rengifo, Alexandra Endara González DOI. 10.21931/RB/2020.05.04.17
Resumen: Se evaluó la calidad del agua del río Alambrado usando macroinvertebrados bentónicos y parámetros físico-químicos. 
Se midieron los índices: Índice Multimétrico de estado ecológico de Ríos Altoandinos (IMEERA), Índice Ephemeroptera, Plecoptera 
y Trichoptera (EPT), Índice Biótico Andino (ABI) y el índice piloto Biological Monitoring Working Party / Ecuador (BMWP/ECU), 
Análisis de Componentes Principales (ACP) y Análisis de Correspondencia Canónica (ACC), durante tres meses (enero a marzo, 
2019). Se colectaron 1993 individuos; la familia Chironomidae fue la más abundante (80%) y las menos abundantes fueron: 
Gerridae, Simulidae y Leptoceridae (0,05%).  Más del 90% fueron macroinvertebrados colectores. El ACP y ACC determinó que 
los sólidos suspendidos totales tuvieron una mayor relación con la gran mayoría de taxones. Se determinó que la calidad del 
agua se encuentra en un rango de malo a moderado y los resultados de los índices biológicos son sensibles a los parámetros 
físico-químicos de oxígeno disuelto, Demanda Bioquímica de Oxígeno 5 (DBO5), Demanda Química de Oxígeno (DQO); los cuales 
varían según la temporada climática. 

Palabras clave: Ríos altoandinos, entomofauna, índices bióticos, conservación.

Abstract: The water quality of the Alambrado River was evaluated using benthic macroinvertebrates and physical-chemical 
parameters. The following indices were measured: Multimetric Index of the Ecological Status of High Andean Rivers (IMEERA), 
Ephemeroptera, Plecoptera, and Trichoptera Index (EPT), Andean Biotic Index (ABI), and the pilot index Biological Monitoring 
working party / Ecuador (BMWP/ECU), Principal Component Analysis (PCA) and Canonical Correspondence Analysis (ACC), during 
three months (January to March 2019). 1993 individuals were collected; the Chironomidae family was the most abundant (80%), 
and the lesser abundant were Gerridae, Simulidae, and Leptoceridae (0.05%).  More than 90% were collector’s macroinvertebrates. 
PCA and ACC determined that total suspended solids had a more significant relationship with most taxa collected. Water quality 
was determined to be between bad to moderate, and the biological indices used were sensitive to dissolved oxygen, biochemical 
oxygen demand (DBO5), chemical oxygen demand (DQO). These parameters vary according to the climatic season.

Key words: High Andean Rivers, entomofauna, biotic indices, conservation.

RESEARCH / INVESTIGACIÓN

Introducción
La conservación de los ríos dentro de las áreas protegidas 

del Ecuador ha adquirido mayor importancia para las autorida-
des ambientales que se encargan de dirigir cada una de estas 
áreas, debido a la falta de conciencia ambiental de las per-
sonas que visitan estos espacios, lo que tiende a generar im-
pactos a los ecosistemas más vulnerables como son los ríos. 
Es por esto que la Reserva Ecológica Antisana (REA) en sus 
informes han notado una creciente visita de personas que no 
ingresan por los puntos autorizados para no ser controlados y 
con ello pescar de maneras incorrectas afectando a la calidad 
de los cuerpos hídricos que posee la REA.

Para el análisis ambiental de estos cuerpos de agua, se 
presenta por parte de la REA la necesidad de realizar un moni-
toreo biológico de uno de los principales ríos que tiene dentro 
de su territorio, el río Alambrado. La investigación se centra en 
determinar la calidad de agua del río Alambrado usando bioin-
dicadores y parámetros físico – químicos, para poder tener un 
panorama más amplio de cómo se encuentra estructurada la 
biodiversidad de macroinvertebrados bentónicos y determinar 
los cambios que en ella se producen por las alteraciones de las 
características físico químicas del agua.

Materiales y métodos

Área de estudio
El estudio fue realizado en el río Alambrado a 1.169 me-

tros desde la desembocadura del río con la laguna, con tres 
estaciones previamente seleccionadas con la metodología del 
Índice de Hábitat Fluvial, el cual califica diversas métricas de 
desarrollo de vida en ecosistemas acuáticos. (IHF)1.

Muestreo y Análisis
Durante los meses de enero, febrero y marzo del 2019, 

se tomaron muestras con red Surber2. Estas se ubicaron en 
hábitats con corriente suave, corriente fuerte, sustrato duro, 
sustrato suave, vegetación acuática emergida, tanto dentro del 
río, como sus orillas, contenido de lodo y/o arena3.

Los sedimentos fueron colocados en fundas con cierre 
hermético con sus respectivas etiquetas, con alcohol al 80% y 
con gotas de glicerina3,4. Se colectaron un total de cuarenta y 
cinco muestras de sedimento. Quince en cada una de los tres 
meses de muestreo.

La identificación de los taxas fue hasta familia, con res-
pecto a los índices biológicos el índice IMEERA, es calcula-
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Tabla 1A (Parte 1). Listado de las especies del índice BMWP/Ecu.
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do con el Software CABIRA5, mientras que los índices ABI y 
BMWP/Ecu se calculan a través de un listado de taxones iden-
tificados hasta familia con lo que se le denota un determinado 
puntaje de calidad, donde la sumatoria total de los puntajes 
obtenidos de la abundancia del mes de muestreo, es el resul-
tado establecido con criterios de calidad de cuerpos hídricos 
(Tabla 1A y B). El índice EPT se calcula con la abundancia de 
las familias Ephemeroptera, Plecoptera y Trichoptera sobre la 
abundancia total por cien para obtener el porcentaje de EPT6. 
Para el análisis Biplot basado en la descomposición del ACP y 
ACC, se determinó con la ayuda del software PAST7. 

Los parámetros físico químicos fueron medidos in situ 
(pH, conductividad, turbidez y oxígeno disuelto) y en laborato-
rio (DBO5, DQO, nitratos, amonio total, solidos totales, solidos 

suspendidos totales) siguiendo lo establecido por Standard 
Methods8 en el monitoreo de parámetros físico químicos, los 
cuales fueron utilizados para el análisis estadístico, y para fina-
lizar se los comparo con la normativa ambiental ecuatoriana9.

Resultados
En la tabla 2 se pueden observar los datos físico químicos 

obtenidos en el presente estudio. Se recolectaron 1903 indivi-
duos de 15 diferentes familias, donde el 80,08% pertenecen a 
la familia Chironomidae 1524 individuos, el 11,98% es de la fa-
milia Hyalellidae (228 individuos), siendo estas las más abun-
dantes dentro de los tres meses de muestreo. Las familias 
menos abundantes fueron Simulidae, Gerridae y Leptoceridae 
compartiendo un 0,05% de la abundancia total con 1 individuo 
encontrado en los meses de muestreo.

El resultado del porcentaje obtenido de la relación de EPT 
presentes en el río es de 1,05%, de acuerdo al cuadro de valo-
ración, se obtiene que el resultado se encuentra en el rango de 
0% a 24%, lo que indica que la calidad del agua dentro del río 
se califica como “MALA”. En la Tabla 3 se indica el resultado 
total de la abundancia como también el resultado del índice 
EPT.

El índice ABI fue de 73 determinando que la calidad del 
agua se encuentra en un nivel “BUENO”, por la presencia de 
Amphipodos, Odonatos y Trichopteros. En la Tabla 3, se mues-

Tabla 1A (Parte 2). Listado de las especies del índice BMWP/Ecu.

Tabla 1B. Valoración del índice BMWP/Ecu.
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tra el resultado de los índices ABI, IMEERA y BMW/ECU. Con 
IMEERA el agua se encuentra en un estado considerado como 
“BUENO” con un valor de 73. Con el índice BMWP / ECU, la 
calidad del agua fue “ACEPTABLE”10. 

El 94,43% de macroinvertebrados recolectados fueron 
colectores, 4,73% depredadores, 2,78% fijadores, 11,98% tri-
turadores, 0,21% raspadores, 3,05% trepadores y 0,63% filtra-
dores.

Se determinaron siete niveles tróficos, siendo el nivel de 
“colector” el de mayor porcentaje (94,43%) debido a la presen-
cia de más de mil quinientos Chironomidos, como se presenta 
en la Figura 1.

En el análisis estadístico se realizó un ACC, donde el pri-
mer eje explicó el 82.3% de la variación y el segundo eje explico 
el 17.7%. En el Triplot del ACC se observa que el primer eje 
canónico mostró en su área positiva una gran relación entre el 
amonio total, DBO5, sólidos suspendidos totales, sólidos tota-
les, turbidez y nitratos con los taxa Chironomidae, Tubificidae, 
Gerridae Leptoceridae Elmidae Simuliidae Philopotamidae 
Hydrophilidae. Por su parte el área negativa tuvo una mayor 
relación entre el DQO, conductividad, pH y oxígeno disuelto, los 
cuales estuvieron relacionados con los taxa Limnephilidae Hy-
draenidae Dolichopodidae Baetidae Ceratopogonidae Hyalelli-
dae y Coenagrionidae. La relación entre los parámetros físico 
químicos, meses de muestreo y abundancia de individuos se 
observa en la Figura 2.

En el análisis Biplot basado en la descomposición de un 
ACP se obtuvo la relación entre los meses de muestreo con los 
macroinvertebrados. Siendo los meses de enero y febrero los 
más representativos, estos meses son más aptos para el de-

sarrollo de la diversidad de macro bentos. Como se muestra en 
el componente 1 se encuentran los taxa Chironomidae, Tubifi-
cidae, Gerridae, Leptoceridae, Elmidae, Simuliidae, Philopota-
midae, Hydrophilidae, Limnephilidae, Dolichopodidae, Cerato-
pogonidae, Hyalellidae y Coenagrionidae, siendo estos los más 
abundantes en los meses de enero y febrero. Mientras que en 
el componente 2 se encuentran los taxa Elmidae y Baetidae, 
siendo estos los más abundantes del mes de marzo. Figura 3.

Discusión 
Los ríos con fondo arenoso carecen de gran diversidad de 

macroinvertebrados11, al contrario, los fondos pedregosos y 
los que poseen algún tipo de vegetación tienden a tener una 
gran variedad de individuos, debido a que esta característica 
de sustrato les da a los macroinvertebrados las condicio-
nes perfectas para su desarrollo en todo su ciclo de vida. En 
el estudio presentado dentro de cada una de las estaciones 
de muestreo se determinó dos tipos de bentos dentro del río 
Alambrado (arenoso y canto rodado), por lo que se observó 
que en determinados puntos del río la abundancia de familias 
no fue muy elevada, pero que en zonas pedregosas existía una 
gran variedad de familias y además macroinvertebrados que 
son considerados como indicadores de buena calidad de un 
cuerpo hídrico11.

La variabilidad de los parámetros físico – químicos tienden 
a estar relacionados de manera directa con las diferentes con-
diciones meteorológicas. Los resultados presentados en este 
estudio nos dan a conocer que las características ambientales 
variaron según el mes en que se analizaron5.

Tabla 2. Parámetros físico – químicos.

Tabla 3. Resultado de abundancia total y índices EPT, ABI y BMWP / ECU.
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Figura 1. Grupos funcionales de alimentación y niveles tróficos.

Figura 2A. Análisis de correspondencia canónica resultado trimestral.

Figura 2B. Análisis de correspondencia canónica resultado trimestral.
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Los parámetros físico – químicos medidos en estos tres 
meses se encuentran dentro de la norma planteada por la Au-
toridad Ambiental Ecuatoriana (Ministerio del Ambiente) con 
su Acuerdo Ministerial 097 – A en el Anexo 1 correspondiente a 
la calidad ambiental y descargas de efluentes al recurso agua. 
Cabe recalcar que el estudio utilizó la tabla 2 de la norma que 
son los criterios de calidad del agua para la preservación de la 
vida acuática y silvestre en aguas dulces, en aguas marinas y 
estuarios9.

La carencia de familias de Ephemeropteros, Plecopteros 
y Trichopteros (EPT) en ríos alto andinos complica la utiliza-
ción de este índice debido a que los resultados obtenidos son 
extremadamente bajos y estos no siempre están ligados a un 
impacto ambiental causado por las personas o por el medio 
ambiente en sí. En este estudio se observó la carencia de estos 
individuos pertenecientes a los órdenes de Ephemeropteros, 
Plecopteros y Trichopteros, por lo que da un resultado negati-
vo de calidad del agua en el río12.  

En el análisis de los índices biológicos los resultados nos 
indican que el cuerpo de agua se considera con una calidad 
moderada; por lo tanto existe una varianza entre los resul-
tados, por ende la principal causa que se le atribuye a éste 
comportamiento es a la altura, que por ser mayor de los 3.000 
m.s.n.m este tipo de familias (EPT) no se desarrollan en am-
bientes fríos y por ende los resultados no son del todo cier-
tos, por lo que es recomendado utilizar otro tipo de índice que 
se encuentre adecuado para ecosistemas de páramo como el 
Índice Biótico Andino ABI o el Índice Multimétrico de Estado 
Ecológico de Ríos Altoandinos (IMEERA).

Como determina (6), en su estudio de calidad del agua en 
el río Tungurahua, dentro del Parque Nacional Cotopaxi, al ser 
un ecosistema de páramo similar al del estudio presentado 
los resultados del Índice Biótico Andino (ABI), son parecidos 
calificando a la calidad del agua como “MEDIA”, debido a la 
presencia de familias que varían entre buenos y malos indica-
dores de calidad.

Según (13), en su proyecto de titulación “Influencia del 
cambio de uso del suelo sobre la fisicoquímica del agua y la 
composición de la comunidad de macroinvertebrados acuáti-
cos de dos microcuencas en la zona del el Ángel, (Carchi-Ecua-
dor)”. Los resultados del Índice Multimétrico de Estado Ecoló-
gico de Ríos Altoandinos se encuentran relacionados con los 
resultados de esta investigación, ya que los lugares de estudio 
poseen características similares, debido a que ambos son eco-
sistemas de páramo andino y por ende las diferentes comu-
nidades de macroinvertebrados encontradas tienden a tener 
las mismas características y ser parecidas casi en su totalidad, 
siendo diferentes únicamente por la influencia antropogénica.    

En el estudio que realizó (14), dentro del río Alambrado 
en la Reserva Ecológica Antisana (REA), se determinaron di-
ferentes métricas de estudio entre ellas los índices EPT, ABI y 
BMWP, dando como resultados que la calidad del agua del río 
Alambrado se encuentra calificada como “MALA”, es por éste 
motivo que la REA se vio en la necesidad de volver a analizar 
estas métricas, por lo que en el estudio presentado se incor-
poraron diferentes índices, lo que dio a conocer que la calidad 
del agua dentro del río Alambrado cuatro años después se 
encuentra calificada como “MODERADA”, pues se colectaron 
mayor cantidad de familias dentro del cuerpo de agua, como 
también macroinvertebrados calificados como buenos indica-
dores ambientales.

El nuevo índice para Ecuador indicó en este pilotaje que 
los resultados son similares en métricas de calificación de ca-
lidad de cuerpos hídricos, no obstante, existe una sensibilidad 
más amplia con el nuevo índice que con los otros índices bio-

lógicos, debido a que los parámetros físico-químicos en clima 
de páramo son variantes. Los resultados obtenidos en el mes 
de enero muestran una mayor sensibilidad con respecto al ABI 
e IMEERA, por lo que se nos presenta este nuevo índice más 
restrictivo con respecto a los pisos climáticos, ya que los gru-
pos taxonómicos que se encuentran en este tipo de clima son 
resilientes a la contaminación y por ende van a tener mayores 
ponderaciones de calidad que en otros pisos climáticos.

Se determinó 1524 individuos pertenecientes al orden Díp-
tera de la familia Chrinomidae, estos representan el 80,08% de 
toda la abundancia recolectada en los tres meses. La abun-
dancia de estos tipos de macroinvertebrados según (4),es pro-
pia de los ecosistemas de páramos, debido a que estos tienden 
a desarrollarse de mejor manera en cuerpos hídricos andinos.

En la investigación realizada por (15) determino un biplot 
basado en la descomposición de ACP observando la relación 
existente entre los individuos recolectados y los lugares de 
muestreo, otorgando una mayor relación a los lugares donde 
obtuvieron mayor cantidad de individuos encontrados, lo que 
concuerda con los resultados obtenidos en esta investigación, 
ya que se observa una mayor relación directa con los meses 
que presentaron mayor abundancia. Con respecto al ACC se 
determinó una relación mayor en el primer eje de paráme-
tros físico químicos con la abundancia total de taxas, de igual 
manera como fue planteado por Villalba se determina las va-
riables ambientales que fueron relacionadas con las agrupa-
ciones de individuos detectando cuales variables ambientales 
ayudan a un óptimo desarrollo de macrobentos y cuáles deben 
ser controladas para que exista una mejor calidad de agua ba-
sados en monitoreos de bioindicadores.

Conclusiones
La evaluación de la calidad del agua a través de macroin-

vertebrados en el río Alambrado, con los índices EPT, ABI, 
IMEERA y BMWP/ECU presentaron valores similares de cali-
dad, donde se calificó al cuerpo hídrico con una calidad varian-
te entre “MALA” y “MODERADA”.

El 80,08% de los individuos recolectados pertenecieron a 
la familia Chironomidae, siendo esta familia la más abundante 
en todo el río Alambrado, este taxón se desarrolla en ecosiste-
mas de páramo, por lo que es común encontrarlo a una altura 
de más de 3100 m.s.n.m. Las familias menos abundantes fue-
ron Tubificidae, Gerridae y Elmidae 0,05%; esto se debe a que 
estos taxones se desarrollan en los periodos de sequía, por lo 
que en los periodos de transición y de lluvias fue baja la abun-
dancia de estas familias.

La aplicación del biplot basado en la descomposición del 
ACP, determinó que los meses de enero y febrero fueron donde 
existió mayor abundancia de macroinvertebrados debido a las 
condiciones climáticas favorables para su desarrollo. El ACC 
determinó en el primer eje canónico, en su área positiva una 
gran relación entre el amonio total, DBO5, sólidos suspendi-
dos totales, sólidos totales, turbidez y nitratos con los taxa 
Chironomidae, Turbificidae, Gerridae Leptoceridae Elmidae 
Simuliidae Philopotamidae Hydrophilidae. Por su parte el área 
negativa tuvo una mayor relación entre el DQO, conductividad, 
pH y oxígeno disuelto, los cuales estuvieron relacionados con 
los taxa Limnephilidae Hydraenidae Dolichopodidae Baetidae 
Ceratopogonidae Hyalellidae y Coenagrionidae.
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Phytochemical screening and in vitro anti-inflammatory activity of ethanolic 
extract of Epidendrum coryophorum leaves
Irina Francesca González Mera1, Orestes Darío López Hernández2 and Vivian Morera Córdova1*

Introduction
Inflammation is a body's normal physiological response 

when it tries to protect itself from cellular damage caused by 
pathogens, irritants, or physical damage. The inflammation 
function is to remove damaged and necrotic tissues gene-
rated by the causative agent and initiate tissue repair. A not 
adequately cured inflammation is the basis of hypersensitivity 
reactions and chronic diseases1. Current treatments to alle-
viate the symptoms of acute and chronic inflammation cause 
adverse effects, and in many cases, the treatments have low 
effectiveness2. An alternative may be to develop drugs based 
on plants that have been used in traditional medicine for many 
years. The analysis of natural products through biochemical, 
phytochemical, and pharmacological studies has allowed 
the identification and characterization of various active com-
pounds capable of counteracting the effects of inflammation, 
including phenolic compounds3-5.

The orchids, besides being used as ornamentals and food, 
are also used for medicinal purposes. The orchid's extracts are 
prepared from different parts of the plant. It could be tubers, 
leaves, rhizomes, stems, pseudobulbs, roots, flowers, sheaths, 
bulbs, and in some cases, the whole plant. They are prepared 
as an infusion, decoction, dried and ground, paste, Yin tonic, 
tincture, and juice6,7. These extracts are used as diuretics, an-
tirheumatics, anticancer, hypoglycemic, anti-aging, antimicro-
bial, anticonvulsants, antivirals, and anti-inflammatories8-13. 
The genus Epidendrum (Orchidaceae) is found in the Andes, 
represented by 360 species, of which 178 are native species 
to the Andean forest14,15. Traditional uses of some species for 
this genus include infusions of the leaves for kidney problems, 
treat influenza, conjunctivitis, and hepatic pain; other authors 

report the use of orchids of this genus with hypoglycemic 
effect and to alleviate renal symptoms16,17. Despite the broad 
representation of genus Epidendrum in the Ecuadorian Andes 
and the wide use of orchids for medicinal purposes in many 
regions of the world, there are only a few scientific publications 
concerning the chemical composition and pharmacological 
properties of this genus. Regarding Epidendrum coryophorum, 
there are no scientific reports at all on this species.

There are different and varied methods to evaluate an-
ti-inflammatory activity. These methods are classified as in 
vivo (if using animal models) or in vitro (when performed in a 
controlled environment outside of a living organism). Each of 
these methods is associated with some peculiarities, advan-
tages, and disadvantages18. Although the in vivo models co-
rrelate well with the clinical picture and help understand the 
mechanisms of inflammation better, they are more complex 
and expensive. Among the in vitro methods, the method based 
on the stabilization of the erythrocyte membrane has gained 
wide popularity among researchers since it is based on the 
similarity of the erythrocyte membrane with the lysosomal 
membrane and its stabilization by the secondary metabolites 
of the plant extract is considered a good experimental indica-
tor of the anti-inflammatory activity of secondary metabolites; 
additionally, it is a relatively simple method and is inexpensive.

This work's objective was to determine the phytochemical 
profile of the ethanolic extract of Epidendrum coryophorum 
leaves and to evaluate the potential anti-inflammatory activi-
ty in vitro of the extract employing the erythrocyte membrane 
stabilization method.

RESEARCH / INVESTIGACIÓN

Abstract: Epidendrum coryophorum belongs to the Orchidaceae family. Traditional uses of some species for this genus include 
infusions of the leaves used for kidney problems, treat influenza, conjunctivitis, liver pain, relieve kidney symptoms, and 
hypoglycemic effect. This work's objective was to determine the phytochemical profile of the ethanolic extract of Epidendrum 
coryophorum leaves and to evaluate the potential anti-inflammatory activity in vitro of the extract employing the erythrocyte 
membrane stabilization method. The phytochemical screening carried out in this work suggested phenols, coumarins, 
flavonoids, tannins, steroids, and sterols in the ethanolic extract of Epidendrum coryophorum leaves. Cardiotonic glycosides 
and carbohydrates were also found. The ethanolic extract's UV-Vis spectrum showed absorption maxima at 268 nm and 332 
nm, which could correspond to flavonoids of the flavonoid classes, 3-OH substituted flavonols, or isoflavones. The quantitative 
determination of total phenols of the ethanolic extract was carried out using the Folin-Ciocalteu method. The total phenolic 
content expressed as mg Gallic acid equivalent (G.A.E.) per gram of extract was found to be 19,96 mgGAE/g of Epidendrum 
coryophorum. The ethanolic extract of Epidendrum coryophorum leaves showed hemolysis inhibition values ​​of 18,19% at 1,0 
mg/mL, 38,98% at 1,5 mg/mL and 40,94% at 2,5 mg/mL compared with aspirin (positive control) giving values ​​of 65,33% at 1,0 
mg/mL, 72,26% at 1,5 mg/mL and 73,75% at 2,5 mg/mL. The values ​​obtained for inhibition of hemolysis with ethanolic extract, 
compared with the values ​​obtained with a pure anti-inflammatory, are significant and demonstrate anti-inflammatory activity in 
Epidendrum coryophorum.

Key words: Epidendrum coryophorum, total phenolic content, microencapsulation, anti-inflammatory activity.
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Materials and methods 

Leaves preparation
The Epidendrum coryophorum specimens were acquired 

at Ecuadorian company Ecuagenera, Guayaquil (http://www.
ecuagenera.com). The plants were kept in pots until the leaves 
were separated for processing. Using a scalpel, leaves were 
cut from the base of the plant. Then, leaves were washed se-
parately with common water followed with distilled water to 
remove dust and particles. Subsequently, the leave was dra-
ined and dried in the shade at 25°C. The dried tissues were 
pulverized using an electric grinder and stored at -20oC until 
they were used19.

Organic extraction
For the extraction of Epidendrum coryophorum leaves' 

phytochemicals, the solid-liquid extraction process was used 
with 70% ethanol as solvent20. The ratio of dry tissue powder 
and the organic solvent was 1:10 (w:v). Extraction was allowed 
to proceed for 48 hours with occasional manual stirring. Fina-
lly, the amber bottle with ground tissue, and the solvent was 
ultrasound for 1 hour at 25 °C. The solvent was filtered through 
filter paper with the vacuum's help, and the extract was stored 
in a new clean amber bottle, protected from light at 4 °C until 
use.

Phytochemical screening
Once the ethanolic extract from dried leaves was obtai-

ned, the preliminary phytochemical analysis applied simple, 
rapid, and selective phytochemical screening assays targeting 
the qualitative detection of secondary metabolites21,22.

UV-Vis analysis
The ethanolic extract was diluted to 1:20 (v:v) with the 

same solvent. The spectrum was registered from 200 nm to 
800 nm using a UV-VIS NIR Lambda 1050 spectrophotometer.

Total phenolic content
To determine the total phenolic content (TPC) in ethano-

lic extract of Epidendrum coryophorum leaves, a dilution of 
1:10 (v:v) in distilled water was made. TPC was determined 
by Folin-Ciocalteu spectrophotometric method23. Gallic acid 
was used as reference material in concentrations of 0,02 mg/
mL, 0,04 mg/mL, 0,06 mg/mL, 0,08 mg/mL, 0,10 mg/mL, 
0,12 mg/mL, 0,14 mg/mL, 0,20 mg/mL and 0,30 mg/mL. The 
solutions were kept protected from light. For standard solu-
tions and ethanolic extract, to 300 µL of the solution was ad-
ded 150 µL of 10% Folin-Ciocalteau reagent, then the mixture 
was let to react for 3 minutes at room temperature. Next to 
each tube, 120 µL of 7,5% sodium carbonate was added and 
let them rest for 30 minutes in a dark place. At the end of the 
reaction, the absorbance was measured at 765 nm using a UV-
VIS NIR Lambda 1050 spectrophotometer. The absorbance's 
values were extrapolated in the standard calibration curve. 
The results were expressed as mg in equivalents of Gallic acid 
(G.A.E.) per grams of dry material. The determination was per-
formed in triplicate, and the results were expressed as mean 
± S.D.

Microencapsulation
The extract was concentrated in a rotary evaporator at 30 

°C, which allowed the ethanol's distillation from the mixture. 
Then, the concentrated extract was weighed, labeled, and sto-

red in an Eppendorf tube at 4 °C, avoiding the metabolites' de-
gradation. Then, the extract was first dissolved in Sacha inchi 
oil until most of the extract homogenize in the oil. So, for the 
microencapsulated extract matrix, it was used maltodextrin, 
Arabic gum, and water in a proportion of 30:30:30 (v:v:v). The 
mixture was homogenized using an Ultra turrax Pt25 I.K.A. at 
25,000 rpm for 1 minute. For the microencapsulation, the Mini 
Spray Dryer Buchi B290 was used, which was fed with the res-
pective combination, once the equipment conditions were veri-
fied to be adequate (-50 mbar, 150 °C inlet and 90 °C outlet)24. 
Microencapsulated extract was dissolved in PBS to reach con-
centrations of 1,0 mg/mL, 1,5 mg/mL, and 2,5 mg/mL.

Anti-inflammatory activity

Preparation of blood samples
The human red blood cell membrane stabilization method 

was used to study in vitro anti-inflammatory activity25. The 
human blood was obtained from two healthy volunteers who 
did not have used anti-inflammatory medications for at least a 
week and counted with a medical certificate to corroborate the 
health status. 3 mL of human blood was transferred to a coni-
cal tube and centrifuged for 10 min at 3000 rpm. The super-
natant was taken out, and an equivalent volume of PBS was 
placed on the test tube to realize three consecutive washes to 
the erythrocyte suspension. After each extraction of plasma 
and the addition of PBS, the sample was centrifuged. 800 μL 
of the erythrocyte suspension was mixed with 1200 μL of PBS 
to form a suspension of 40% v/v in PBS.

Inhibition of heat-induced hemolysis
In 25 mL conical tubes were added 3 mL of the evaluated 

samples and 30 μL of 40% erythrocyte's suspension. The ne-
gative control was prepared using the same quantity of PBS 
instead of the sample. The microencapsulated extract and 
the commercial aspirin (positive control, from Sigma-Aldrich, 
USA) were evaluated at concentrations of 1,0 mg/mL, 1,5 mg/
mL, and 2,5 mg/mL. All reaction mixtures were prepared in tri-
plicates except the negative control. One conical tube of each 
reaction mixture was incubated for 20 min at 54 °C, and the 
other was left at room temperature. The negative control was 
incubated too. After 20 min of incubation, all test tubes were 
centrifuged at 3000 rpm for 10 min. The absorbance of su-
pernatants was measured at λ = 560 nm25. The percentage of 
hemolysis inhibition was calculated according to the following 
expression: 

Where: A.I. represents the absorbance of the sample with 
incubation, A.W.I. represents absorbance of the sample without 
incubation, and A.N.C. represents the absorbance of the negative 
control.

Statistical analysis
Statistical analysis was performed by calculating the 

mean and standard deviation of the percentages of hemolysis 
inhibition for the extract's three concentrations. The used pro-
gram was STATGRAPHICS Centurion XV, Version 15.2.05. The 
data were processed through a one-way analysis of variance 
(ANOVA), and subsequently, Duncan's test was performed, 
considering significant differences of at least p <0.05.
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Results and Discussion
The phytochemicals produced by plants have useful phar-

macological activities for treating various diseases, including 
those that occur with inflammation. There are numerous stu-
dies and reviews on plants containing phytochemicals, speci-
fically flavonoids, triterpenes, tannins, phenolic compounds, 
coumarins, and steroids; anti-inflammatory activity has been 
attributed26-33. However, very little has been investigated about 
these phytochemicals and their possible anti-inflammatory 
activity, especially in Epidendrum (Orchidaceae). In the etha-
nolic extract of Epidendrum coryophroun leaves, we found 
that phenols, coumarins, flavonoids, tannins, and anti-inflam-
matory activity were demonstrated. This work constitutes the 
first report on the phytochemical screening and anti-inflam-
matory activity of Epidendrum coryophorum.

Phytochemical screening
Phytochemical screening is one of the initial stages of 

phytochemical research, which allows the to determining 
qualitatively the main chemical groups present in the plant 
and guide the extraction and/or fractionation of the extracts, 
isolation and characterization of specific metabolites34. The 
phytochemical screening carried out in this work suggested 
phenols, coumarins, flavonoids, tannins, steroids and sterols 
in the ethanolic extract of Epidendrum coryophorum leaves. 
There were also found cardiotonic glycosides and carbohy-
drates. Anthocyanins, anthraquinones, flobatanins, saponins, 
proteins and free amino acids were not detected (Table 1). The 
presence of secondary metabolites in a given extract depends 
on the used solvent. For a solute (secondary metabolite) to be 
dissolved in a solvent, it is necessary that the solvent disag-
gregate the molecules and thus facilitate their solvation; this 
process depends on both the dielectric constant of the solvent 
and the solute's (secondary metabolites) and solvent's polari-

ty. Generally, in ethanolic extracts, tannins, phenols, flavanols, 
terpenoids, sterols and alkaloids have been detected35, which 
coincides with the type of metabolites detected in the ethano-
lic extract of Epidendrum coryophorum leaves (Table 1).

The phytochemical screening of ethanolic extract of Epi-
denddrum coryophorum leaves constitutes the first report on 
the presence of specific secondary metabolites in this spe-
cies. However, phytochemical screening of other species be-
longing to the genus Epidendrum has been performed before. 
Cerna et al. evaluated the phytochemical content of ethanolic 
extracts of the species Epidendrum blepharoclinium, Epiden-
drum blepharoclinium, Epidendrum cochlidium sp1, Epiden-
drum cochlidium sp2, Epidendrum jamiesonis, Epidendrum 
medusae, Epidendrum nocturnum, Epidendrum paniculatum, 
Epidendrum porphyreum, Epidendrum secundum, Epidendrum 
secundum. Even though these authors' extraction conditions 
are not identical to those used in our work, they also found 
flavonoids in 5 species, saponins in 11 species, and tannins in 7 
of the 11 studied36.

UV-Vis analysis
UV-Vis spectroscopy is a technique that allows the detec-

tion of compounds in which can occur electronic transitions 
of the type π → π * and n → π * as a result of interaction with 
light in the ultraviolet and visible regions of the electromagne-
tic spectrum. The absorption maxima can be correlated with 
compounds containing π bonds and lone pairs of electrons37. 
In the UV-Vis spectrum of ethanolic extract of Epidendrum 
coryophorum leaves, the absorption maxima were recorded 
at 268 nm, 332 nm, 410 nm, 468 nm, 504 nm, 536 nm, 606 
nm, and 664 nm. Of these maxima, the most intensive peaks 
(Peak 1-268 nm and Peak 2-332 nm, Figure 1A) could corres-
pond to flavonoids of flavone, flavonols 3-OH substituted, or 
isoflavones classes. Flavonoids are natural pigments, espe-
cially abundant in plants' leaves, and their primary function is 

Table 1. Secondary metabolites tested and detected by chemical reactions in the ethanolic extract of Epidendrum coryophorum 
leaves.

Phytochemical screening and in vitro anti-inflammatory activity of ethanolic extract of Epidendrum coryophorum leaves
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to protect them from ultraviolet rays. The flavonoids have in 
their structure a standard diphenylpyran skeleton (C6-C3-C6), 
composed of two phenyl rings (A and B) linked through a pyran 
C ring (heterocyclic). This basic structure allows for a mul-
titude of substitution patterns and variations in the C ring38. 
UV-Vis spectroscopy is a useful technique in the differentiation 
of flavonoids since the bands' position in the UV-Vis spectrum 
depends on the extent of conjugation and, therefore, on the na-
ture of the C ring and the position of the phenyl group called 
ring B (C-2, C-3 or C-4 substituent). For these compounds, the 
UV-Vis spectrum presents two absorption maxima in the ran-
ges from 310 to 360 nm and from 245 to 280 nm correspon-
ding to bands I and II of rings B and A, respectively, according 
to the class of flavonoids (Figure 1B)39.

Total phenolic content
Considering that several secondary metabolites were de-

tected in the extract of Epidendrum coryophorum leaves clas-
sified as phenolic compounds40, the TPC was determined using 
the Folin-Ciocalteu method as previously described. The value 
was calculated using a calibration curve with Gallic acid, who-
se equation resulted in y = 8.8282x + 0.0328 with R2 = 0.9987. 
The TPC in the ethanolic extract was 19.96 mgGAE/g of Epi-
dendrum coryophorum (Table 2). Values of TPC of Epidendrum 
coryophorum have not been reported before in the literature or 
other genus Epidendrum species.

Anti-inflammatory activity
The erythrocyte membrane stabilization test in the pre-

sence of microencapsulated ethanolic extract in an isotonic 
medium was positive and showed concentration-dependent 
anti-inflammatory activity. An increase in the percentage of 
hemolysis inhibition was observed as the amount of microen-
capsulated extract increased. The microcapsules of ethanolic 
extract of Epidendrum coryophorum leaves gave values of he-

molysis inhibition of 18,19% at 1,0 mg/mL, 38,98% at 1,5 mg/
mL, and 40,94% at 2,5 mg/mL in comparison with aspirin (po-
sitive control) giving values of 65,33% at 1,0 mg/mL, 72,26% 
at 1,5 mg/mL, and 73,75% at 2,5 mg/mL (Table 3). The results 
were statistically evaluated using the statistical method of 
ANOVA and presented statistical significance; that is, the 
treatments used were significantly different (p <0.05). There-
fore, the data were analyzed using Duncan's Test, with which 
we were able to corroborate the obtained results. The concen-
tration of 1,00 mg/mL of the extract showed a significant di-
fference concerning the concentrations of 1,5 mg/mL and 2,5 
mg/mL of the extract itself and a lower percentage of hemoly-
sis inhibition. However, the concentrations of 1,5 and 2,5 mg/
mL of extract did not present significant differences between 
them and presented similar values ​​of percentage of hemolysis 
inhibition. Similar behavior occurred in the case of aspirin (Fi-
gure 2). The erythrocyte membrane stabilization test is consi-
dered as an in vitro measure of the anti-inflammatory activity 
of drugs or extracts of plants41. The erythrocyte membrane is 
very similar to the membrane lysosomal so the effect of drugs 
on the stabilization of the erythrocyte membrane could be ex-
trapolated to the stabilization of the lysosomal membrane; its 
stability is crucial since it can limit the inflammatory response, 
inhibiting the release of inflammation mediators as proteases 
and bactericidal enzymes42.

Additionally, this test is a convenient, rapid, and inexpen-
sive method to be applied for preliminary investigations on the 
anti-inflammatory activity of crude extracts of plants. Nume-
rous investigations associate the presence of phenolic com-
pounds in plants with the anti-inflammatory activity evaluated 
by this method43. Thus, we could assume that the observed 
anti-inflammatory activity can result from certain phenols' 
individual action in the extrac or of synergy between them44. 
Considering the coarse texture of the ethanolic extract after 
drying and to ensure the bioavailability of its active principles 
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Figure 1. UV-Vis analysis of an ethanolic extract of Epidendrum coryophorum leaves. A: in the spectrum, the observed absorp-
tion maxima are indicated with arrows and numbers. B: correlation between the wavelengths of observed absorption maxima 
in the spectrum and typical ranges of absorption maxima wavelengths for some flavonoid classes.

Table 2. Total phenolic content of ethanolic extract from Epidendrum coryophorum leaves.
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during the hemolysis inhibition test, it was microencapsulated 
using natural water-soluble polymers. During the microen-
capsulation procedure of the ethanolic extract of Epidendrum 
coryophorum leaves, the homogenization step is essential for 
forming the emulsion. This guarantees the formation of micro-
capsules with a polynuclear internal structure, which allows 
the dispersion of the microcapsules in water, forming a nanoe-
mulsion on contact with the environment in which the cells 
are found and better dispersion of the active principles in the 
medium45.

Conclusions
The phytochemical screening carried out in this investi-

gation suggested the presence of phenols, coumarins, fla-
vonoids, and tannins in the ethanolic extract of Epidendrum 
coryophorum leaves. The ethanolic extract's UV-Vis spectrum 
showed absorption maxima at 268 nm and 332 nm, which could 
correspond to flavonoids of the flavonoid classes, 3-OH subs-
tituted flavonols, or isoflavones. The ethanolic extract of Epi-

dendrum coryophorum leaves contains phenolic compounds. 
The total phenolic content was found to be 19.96 mgGAE/g of 
Epidendrum coryophorum. The extract showed an erythrocyte 
membrane stabilization effect. The values ​​obtained of hemoly-
sis inhibition with ethanolic extract (crude extract) in compari-
son with those values ​​obtained with a pure anti-inflammatory 
drug are significant and demonstrate anti-inflammatory acti-
vity in Epydendrum coryophorum. However, it should be men-
tioned that this study constitutes a preliminary study on the 
anti-inflammatory effect of this extract; therefore, it is sugges-
ted to expand the study of the anti-inflammatory effect using 
other methods and to consider the use of experimental animal 
models.
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was used as a positive control.
p < 0.05 was considered statistically significant in all analyses.
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Resumen: El tratamiento de hemodiálisis (HD) presupone un cierto riesgo de reacciones adversas de hipersensibilidad, se han 
descrito casos de hipersensibilidad con membranas biocompatibles, como la polisulfona. En este artículo describimos el caso 
de un paciente que se realiza tratamiento de HD usando dializador de polisulfona, aproximadamente a los 10 minutos de iniciar 
presenta manifestaciones digestivas, caracterizada por diarreas liquidas, no relacionadas con evento alimenticio, sin flemas, 
ni contenido hemático, sin pujos ni tenesmo, presenta dolor abdominal difuso, vómitos e hipotensión arterial. Estas reacciones 
fueron consideradas como hipersensibilidad relacionada con el proceso de hemodiálisis, el cuadro clínico no reapareció en 
observaciones sucesivas cuando las sesiones se llevaron a cabo utilizando una membrana de celulosa.

Palabras clave: Hemodiálisis, membrana de polisulfona, reacción de hipersensibilidad.

Abstract: Hemodialysis (HD) treatment assumes a certain risk of adverse hypersensitivity reactions; cases of hypersensitivity 
with biocompatible membranes, such as polysulfone, have been described. In this article we describe the case of a patient who 
undergoes HD treatment using polysulfone dialyzer, approximately 10 minutes after starting, he presents digestive manifestations, 
characterized by liquid diarrhea, not related to eating events, without phlegm, or blood content, without straining or tenesmus, 
presents diffuse abdominal pain, vomiting and arterial hypotension. These reactions were considered as hypersensitivity related to 
the hemodialysis process, the clinical picture did not reappear in successive observations when the sessions were carried out using 
a cellulose membrane.

Key words: Hemodialysis, polysulfone membrane, hypersensitivity reaction.

CASE REPORTS / REPORTE DE CASO

Introducción
El realizar una sesión de hemodiálisis (HD) puede con-

llevar a riesgo de aparición de reacciones adversas de hiper-
sensibilidad para el paciente, al estar su sangre en contacto 
con diferentes materiales de origen sintético1. Se ha descrito 
por varios autores reacciones de hipersensibilidad al óxido de 
etileno y a membranas de baja biocompatibilidad como el cu-
proamonio. También se han reportado casos de hipersensibi-
lidad con membranas biocompatibles como la polisulfona, e 
incluso con polisulfona asociada a polivinilpirrolidona (PVP)1,2.

En la literatura hay ejemplos de reacciones anafilácticas 
y anafilactoides o intolerancia a distintos tipos de membranas 
sintéticas en el mismo paciente3,4,5, lo cual se atribuye a las 
diferencias en manufactura y a la cantidad de PVP utilizada 
para hidrofilizar la membrana.

Se ha evidenciado ausencia de reacción anafilactoide con 
el uso de un dializador de polisulfona en placas que no utilizan 
PVP como amalgamante, lo cual induce a pensar en un papel 
significativo de este producto en el desarrollo de la reacción. 
En ninguno de estos casos el cambio de dializador supuso la 
desaparición de las crisis y el desarrollo de urticaria crónica 
con eosinofilia. Otras causas que valorar serían la retrofiltra-
ción de endotoxinas en membranas de alta permeabilidad (au-
sente en membranas de baja permeabilidad), la hipersensibi-
lidad a hierro intravenoso o el uso de inhibidores de la enzima 
convertidora de angiotensina (IECA).

Estas reacciones han inducido a realizar una evaluación 
no solo de las ramas y del dializador sino también de los pro-
cesos de esterilización que   incluyen   como principal factor el  
óxido de etileno y a los diferentes y numerosos medicamentos 
utilizados en el tratamiento de la Enfermedad Renal Crónica 
(ERC) como son la heparina, soluciones de hierro, vitaminas y 
las eritropoyetinas.

Intuir una reacción de hipersensibilidad en este tipo de pa-
cientes es extremadamente difícil por lo que hay que analizar 
la situación de los pacientes afectados   por  la enfermedad de 
base, los estigmas de ERC y las   comorbilidades  que frecuen-
temente los afectan.

Las membranas son el elemento fundamental del tra-
tamiento de HD, puesto que a través de ellas se realizan la 
filtración, la difusión y otros procesos físicos responsables de 
la detoxificación  de la sangre y la eliminación de los metabo-
litos de desecho orgánico, estas membranas semipermeables 
tienen su origen en materiales naturales como la celulosa, el 
papel almidonado y otros derivados del algodón  que se usaron 
en la etapa experimental e inicial de la nefrología en el mundo 
contemporáneo, precisamente este tipo de membranas eran 
poco toleradas, lo que obligo a la búsqueda de nuevos mate-
riales que ofrecieran mejores índices de eficiencia y eficacia 
en la depuración de toxinas y filtración de agua, comenzaron a 
utilizarse materiales con  cualidades físico-químicas donde  la 
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porosidad, el espesor, la hidrofilia, la conductividad alcanzaron 
una diversidad, en la misma medida que se lograba mejorar 
ostensiblemente la biocompatibilidad.

Las polisulfonas ocupan un lugar importante en el desa-
rrollo de las membranas dializadoras y han generado una indu-
dable mejoría en los resultados del tratamiento hemodialítico, 
pero también hay evidencias científicas de reportes de hiper-
sensibilidad   a este tipo de membranas sintéticas.

La Clínica Reynadial es un centro de atención dedicado a 
brindar Servicio de Hemodiálisis a pacientes portadores de En-
fermedad Renal Crónica grado V. Brinda servicios desde el año 
2016 y ha sido fiel seguidora de los Protocolos de tratamiento 
elaborados por las Autoridades del Ministerio de Salud Públi-
ca (MSP) y el Instituto Ecuatoriano de Seguridad Social (IESS), 
así como una continua actualización de técnicas  y procederes 
tomando como modelo las normas Europeas y Americanas y 
la medicina basada en evidencia, lo que permite brindar una 
atención de excelencia en el tratamiento de 140 pacientes.

En términos generales la Hemodiálisis se practica 3 veces 
por semana durante 4 horas; En REYNADIAL como protocolo  
se maneja la diálisis Hipotérmica (Temperatura del líquido de 
dializado en  35°C), con NA ajustado al perfil de los pacientes y 
sumando  monitoreo de la tensión arterial y frecuencia cardia-
ca,  el peso se estima por clínica y ajustes orientados a través 
de la realización de la medición ultrasónica del diámetro de la 
vena cava inferior y la Bioimpedancia, de manera tal que los 
parámetros fundamentales se manejan con estándares que 
permiten  la calidad en hemodiálisis. 

En este estudio reportamos un primer caso de hipersen-
sibilidad a membranas sintéticas de polisulfona, en el que se 
realizó una revisión exhaustiva de todas las potenciales cau-
sas de aparición de esta condición como las anafilactoides, 
hemodinámicas y cardiovasculares. que pudieran   explicar   la   
sintomatología presentada que finalmente fueron corregidas 
al sustituir las membranas de polisulfona por membranas se-
misintéticas de triacetato, la cual logra un Kt y un volumen 
convectivo adecuados, con buen perfil de biocompatibilidad e 
inflamatorio, lo que la convierte en una posibilidad más de tra-
tamiento en pacientes alérgicos a membranas sintéticas.

Reporte de caso
Paciente NCLQ de 75 años de edad, con antecedentes de 

Diabetes Mellitus, Tuberculosis pulmonar e Hipertensión Ar-
terial de más de 15 años de evolución, así como Enfermedad 
Renal Crónica (ERC), que fue referido a Hemodiálisis(HD) el 24 
de junio del 2019, con catéter yugular derecho, anemia (he-
moglobina 7,7 g/l), hipoalbuminemia discreta, y presentando 
al examen físico: edemas de miembros inferiores, palidez cu-
táneo mucosa, con peso de 60.9 kg y tensión  arterial (TA) de 
160/60.

En el transcurso de los 2 meses iniciales en HD este pa-
ciente solo presentó elevación de la tensión arterial durante 
las sesiones de hemodiálisis, así como una positiva  evolución 
de su síndrome de ERC con desaparición de los edemas en 
miembros inferiores, ascenso de los valores de Hemoglobina 
y serinemia, destacando la permanencia de valores absolutos 
elevados de eosinofilia.

En el mes de octubre (15/10/2019) se realiza exitosamen-
te una fistula arteriovenosa (FAV); desde el punto de vista de 
la analítica mantenía la eosinofilia, habiendo ya corregido la 
anemia con hemoglobina en valores de 11g/ l.

En el mes de noviembre del 2019 el paciente comienza 
con manifestaciones de diarreas liquidas, sin flemas, ni conte-

nido hemático, ni alimenticio, acompañadas de dolor abdomi-
nal difuso, sin pujos ni tenesmo al comienzo de la sesión (10 
minutos) así como astenia, mejorando pasada una hora en tra-
tamiento (si se mantenía  conectado), a veces con necesidad 
de desconexión y reconexión. En el mes de diciembre, a lo an-
terior se agregan náuseas, epigastralgia e hipotensión arterial, 
después de 15 a 20 minutos de conectado a la hemodiálisis, 
por lo que se investigan otras causas probables especialmente 
hemodinámicas, ya que se asociaba su morbilidad intradialítica 
a la previa realización de la FAV ; es de señalar la repetición  
de  estos episodios   en cada  sesión  de hemodiálisis,  hasta  
entonces   realizadas con filtros   de   polisulfona   de  al  menos 
3 compañías manufactureras distintas.

Los cambios de filtro a otra polisulfona, definitivamente 
no se mostraron eficaces en la reducción de los síntomas de 
este paciente. (Tabla 1)

Tabla 1. Cambios de membranas al paciente.

Tampoco el uso de hidrocortisona, antihistamínicos y oxí-
geno con máscara produjeron mejorías ostensibles. Se realiza 
un ecocardiograma pensando en la posibilidad de un bajo gas-
to, obteniéndose un resultado normal con F/E 65%; el electro-
cardiograma también fue normal; la exploración con ECO de 
los diámetros de vena cava inferior e índice caval expresaron 
adecuada volemia. Se observan los resultados de los exáme-
nes de laboratorio en la Tabla 2. La eosinofilia se mantuvo todo 
el periodo incluso después del cambio de membrana. 

Analizando otras posibilidades y teniendo en cuenta infor-
maciones sobre casos de reacción de hipersensibilidad a las 
membranas sintéticas, se decide pasar a membranas celulósi-
cas eligiendo Sureflux N10 de NIPRO (triacetato de celulosa). 
Una vez utilizada esta membrana desaparecen inmediatamen-
te todos los síntomas, y manteniéndose asintomático a partir 
de entonces hasta la fecha de este reporte.

Discusión
La composición de las membranas dializadoras desde el 

uso de celulosa a membranas sintéticas, los métodos de este-
rilización para la eliminación de óxido de etileno y la utilización 
de otros materiales en el dializador y los tubos como son di-
ferentes pegamentos, aglutinantes, plásticos, látex y siliconas 
han evolucionado para mejorar la biocompatibilidad. A pesar 
de esta biocompatibilidad mejorada, no se ha observado una 
disminución en las reacciones de hipersensibilidad que apare-
cen en los pacientes que reciben hemodiálisis5,6.

Un aumento en el número de informes sobre reacciones 
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de hipersensibilidad ha creado alarma y ha provocado una ad-
vertencia por parte de las autoridades sanitarias españolas 
sobre los riesgos de las membranas de polisulfona1,7,8.

Existen reportes de que 1 de cada 20 a 50 pacientes tie-
ne probabilidades de experimentar una reacción anafilactoide 
con un nuevo dializador, lo que indica que la magnitud del pro-
blema es grande9. Desde ya hace varios años, se reportó que 
la incidencia de reacciones era de 0.17 por 1000 sesiones con 
membranas de celulosa y 4.2 por 1000 sesiones con membra-
nas sintéticas10.

La  morbilidad  intradialítica extrema de este cas  nos 
insinuaba la  necesidad  de profundizar en la pesquisa de si-
tuaciones  parecidas pero   quizás de  menor intensidad que 
pudieran estar presentes en nuestros pacientes polisintomá-
ticos y relacionadas con  membranas sintéticas con la misma 
probable fisiopatogenia, por lo  que   decidimos indagar en 
manifestaciones clínicas de   hipersensibilidad (prurito, urtica-
ria, broncoespasmo, opresión  precordial, hipotensión arterial, 
dolor   abdominal, vómitos, diarreas, molestias) generadas  du-
rante   el  proceso  dialítico proceder  ante  la   duda   a cambiar 
el dializador por celulósico, evaluando   resultados   clínicos  
demostrables.

Las manifestaciones en este paciente fueron recidivantes 
y generadas en el proceso de la hemodiálisis o relacionadas 
con el uso de una membrana de polisulfona. Al realizar el cam-
bio de ésta, las manifestaciones clínicas desaparecieron.

Puede haber reacciones tanto con celulosa como con 
membranas sintéticas, aunque las membranas sintéticas, en 
la actualidad, causan más reacciones alérgicas. Es posible que 
el uso de otros materiales como la PVP pueda aumentar la 
probabilidad de sufrir una reacción de hipersensibilidad en es-
tos pacientes.

Se deben descartar otras causas de reacciones alérgicas 
como látex, hierro intravenoso, heparina y formaldehído en pa-
cientes que sufren reacciones de hipersensibilidad en diálisis.

Conclusiones
Las reacciones de hipersensibilidad pueden ocurrir con 

cualquier tipo de membranas, pero el reciente aumento en los 
casos publicados relacionados con las membranas sintéticas 
de polisulfona nos advierte de esta posibilidad, por lo que el 
personal que atiende a pacientes en hemodiálisis debe estar 
atento a cualquier manifestación de este tipo. El triacetato de 
celulosa parece ser una buena alternativa para estos pacientes.
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Resumen: El Síndrome de Sweet es una entidad que se manifiesta clínicamente por la presencia de placas eritematosas, pústulas 
y/o ampollas. En la histología se evidencia un denso infiltrado de neutrófilos. Al igual que otras dermatosis neutrofílicas, se 
caracteriza por una buena respuesta al tratamiento con esteroides y dapsona. En el 20% de los casos se asocia a enfermedades 
malignas, representando las hematológicas el 85% y los tumores sólidos el 15% restante. Se presenta una paciente de 46 años 
de edad con antecedentes de Leucemia Linfoblàstica, que consultó por la aparición de placas eritematosas, violáceas en el dorso 
de las manos con un estudio histopatológico que evidenció un Síndrome de Sweet.

Palabras clave: Neutrofilia, vasculitis, Síndrome de Sweet.

Abstract: The Sweet Syndrome is an entity that is manifested clinically by badges erythematous, pocks, and limited bladders. In 
the histology, a dense one is evidenced by infiltrated neutrophils. Like another Neutrophilic dermatosis, it is characterized by an 
excellent answer to steroids and dapsone treatment. Twenty percent of cases are associated with malignancies; 85% of them 
involve hematologic malignancies and the remaining 15%, solid tumors.  A 46-year-old patient with a history of Lymphoblastic 
Leukemia is presented that consulted for the appearance of badges erythematous, violaceous in the back of the hands with a 
histopathological examination showed the Sweet Syndrome.

Key words: Neutrophilia, vasculitis, Sweet Syndrome.

CASE REPORTS / REPORTE DE CASO

Introducción
En el año 1964, el Dr. Robert Douglas Sweet describió una 

dermatosis a la cual denominó enfermedad de “Goom-Button”, 
en homenaje a las dos primeras pacientes en las que se obser-
vó esta entidad. Posteriormente, recibe el nombre de derma-
tosis neutrofílica febril y aguda, por sus características clínicas 
y humorales. Actualmente, se prefiere el nombre de Síndrome 
de Sweet1.

Este se caracteriza por cinco rasgos principales: 1) apari-
ción brusca de placas eritemato-dolorosas a nivel de la cabe-
za, cuello y extremidades superiores; 2) fiebre; 3) leucocitosis 
neutrofílica; 4) denso infiltrado dérmico a predominio polimor-
fonuclear; 5) rápida respuesta a la terapéutica esteroidea2,3. 
Esta entidad se ha clasificado en cinco grupos: idiopático o clá-
sico, para inflamatorio, para neoplásico, secundario a drogas y 
asociado a embarazo3. La mayoría de los pacientes pertenecen 
al primer grupo. En el 20% de los casos se encontró asociación 
con enfermedades malignas, representando las hematológi-
cas el 85% de las mismas y los tumores sólidos el 15% restan-
te. Con respecto a las neoplasias hematológicas, la leucemia 
mieloide aguda es la que se observa más frecuentemente; y 
en cuanto a los tumores sólidos, aproximadamente 2/3 de los 
casos corresponden a carcinomas del tracto genitourinario2.

El diagnóstico de dicho síndrome es, a menudo, el signo de 
presentación de una neoplasia nueva o recurrente. A su vez, la 
presencia de anemia, un recuento anormal de plaquetas, la au-
sencia de neutrofilia, la localización y formas de presentación 
atípicas de las lesiones, deben alertar a la búsqueda de neo-
plasias, ya que estos hallazgos no son comunes de observar 
en la forma idiopática de dicho síndrome2,4.

Si bien la resolución espontánea del cuadro clínico puede 
ocurrir en semanas a meses, el tratamiento de elección son los 
esteroides, los cuales producen la remisión del mismo a pesar 
de la neoplasia subyacente5.

En Cuba el comportamiento de esta entidad poco fre-
cuente se registra asociado en primer lugar a la Leucemia, en 
edades de 42 a 51 años de edad, seguido de otros tumores 
sólidos del tracto genitourinario. Se reportan cerca de 6 casos 
en ciudad de La Habana del Síndrome de Sweet relacionados 
con Linfoma no Hodgking, en Villa Clara no se encontraron re-
portes6. 

Caso Clínico
Se trata de un paciente del sexo femenino, de 46 años de 

edad, con antecedentes de Leucemia Linfoblàstica de 2 años 
de evolución, que fue hospitalizada por un episodio de fiebre de 
4 días, con toma del estado general. Además, presentó lesio-
nes en placa eritematoviolàceas e infiltradas, bien definidas, 
de diversos tamaños, redondeadas en el dorso de la mano de-
recha. (Figura 1)

La infiltración es más marcada en la lesión en placa al 
dorso del segundo dedo de dicha mano, con aspecto pseudove-
siculoso. (Figura 2) Las lesiones se acompañaban de discreto 
ardor y sensación de quemazón, sobre todo en las lesiones más 
extensas. Se indicó tratamiento por el servicio de Hematología 
con Imipenem y Ciprofloxacino, porque se encontró también 
un foco séptico a nivel de la cavidad oral, persistiendo la fiebre.

Complementarios realizados
Biometría hemática: Arroja anemia ligeraHb-10 G/L con 

neutropenia.
VIH, Antígeno de superficie para Hepatitis B y C: normales.
LDH, Perfil hepático y renal. Rx de tórax y Ultrasonido ab-

dominal y ginecológico (sin alteraciones)
Cultivos y hemocultivos: Negativos.

1 Especialista en primer grado en Medicina General Integral y Dermatología, Profesor Asistente, Diplomado en Hematodermias, Investigador Agregado, Hospital 
Pediátrico Provincial: José Luis Miranda, Santa Clara, Cuba. 
                                                                                                                                                                                                                                                                                                            
Corresponding author: adrianisacnj@gmail.com
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Se realizó Biopsia cutánea donde se observó la presencia 
de acantosis y espongiosis en la epidermis, y de importante 
edema e infiltración

polimorfonuclear a nivel dérmico. En base a la clínica y al 
estudio histopatológico, se arribó al diagnóstico del síndrome 
de Sweet.

Se le indicó tratamiento con Prednisona a razón de 1 mg/
kg de peso diario más Dapsone con rápida resolución del cua-
dro cutáneo en 17 días.

tica, esplénica, ganglionar, cardiaca y del sistema nervioso 
central8.

La incidencia de este Síndrome es baja en América Lati-
na9. En varias literaturas se describe el predominio en el sexo 
femenino, aunque otros autores no discriminan en cuanto el 
sexo y edad de presentación10.El diagnóstico positivo se realiza 
con las manifestaciones clínicas y el estudio histológico, aun-
que en ocasiones resulta complejo por la similitud con otras 
dermatosis neutrofìlicas8.

Figura 1. En esta figura se observan lesiones en placas múl-
tiples con bordes definidos eritematosa papulosas en el dorso 
de la mano derecha.

Figura 2. Aquí se observa la lesión más extensa, infiltrada ha-
cia los bordes en el dorso el segundo dedo.

Comentario
El Síndrome de Sweet o dermatosis neutrofílica febril y 

aguda, es una entidad de etiología desconocida, que se ca-
racteriza por la presencia de fiebre; leucocitosis neutrofílica; 
la aparición abrupta de placas y nódulos eritemato-dolorosos 
a predominio de la cabeza, cuello y extremidades superiores; 
un denso infiltrado dérmico polimorfonuclear sin vasculitis y la 
rápida respuesta al tratamiento con corticoides, coincidiendo 
con nuestro caso2.

La mayoría de los pacientes presentan la forma clásica o 
idiopática, representando la forma paraneoplásica el 20% de 
los casos. La mayor parte corresponde a neoplasias hemato-
lógicas, como pudimos constatar en el caso presentado. La 
enfermedad maligna más común corresponde a la leucemia 
mieloide aguda. Sin embargo, también se han observado aso-
ciaciones con trastornos mieloproliferativos, linfoproliferati-
vos, síndrome mielodisplásico y carcinomas7.

Habitualmente, el Síndrome de Sweet se presenta en for-
ma coincidente o precediendo a la neoplasia, pero también se 
ha informado la aparición de la misma hasta un año posterior 
a dicho síndrome3,7.

El compromiso extra cutáneo se observa en una alta pro-
porción (cercano al 50%) de los pacientes con síndrome de 
Sweet asociado a neoplasias, especialmente a nivel muscu-
loesquelético y renal. Con menor frecuencia, también puede 
existir afección ocular, pulmonar, hepática, digestiva, pancreá-

La terapéutica esteroidea junto al Dapsone produjo la re-
misión de las lesiones cutáneas, al igual que lo observado en 
la literatura9. La terapéutica de primera elección, tanto para el 
síndrome de Sweet idiopático como el asociado a neoplasias, 
corresponde a los corticoides sistémicos con los cuales se ob-
tiene una rápida respuesta del cuadro clínico. Se utiliza pred-
nisona a dosis entre 30-60 mg/día por vía oral durante cuatro 
a seis semanas, con descenso progresivo de la dosis. Existen 
otras alternativas terapéuticas como el yoduro de potasio, la 
colchicina, indometacina, clofazimina y ciclosporina9,10.

Recientemente, se ha publicado un caso de síndrome de 
Sweet recalcitrante asociado con síndrome mielodisplásico, 
que respondió con éxito al tratamiento con talidomida11.

El pronóstico es variable y depende si está o no asociado 
a una neoplasia subyacente. Puede involucionar de forma es-
pontánea8,11.

Conclusiones
El Síndrome de Sweet se asocia frecuentemente a neopla-

sias, sobre todo Hematológicas. Ante un paciente con lesiones 
sospechosas de esta entidad, con síntomas acompañantes, se 
debe descartar un tumor asociado. Es importante la valoración 
de los pacientes con Síndrome de Sweet por la especialidad de 
Hematología.
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Resumen: El COVID-19 es causado por el SARS-CoV2, un coronavirus beta, que actualmente es responsable de una pandemia 
con alta tasa de contagiosidad y mortalidad a nivel mundial. Este virus, a más de su impacto a nivel pulmonar, puede desencadenar 
una tormenta de citocinas proinflamatorias que dañan el endotelio vascular generando endotelitis, disfunción endotelial y alta 
prevalencia de eventos trombóticos. Clínica y analíticamente la expresión de este fenómeno se evidencia con niveles elevados 
de dímero D, trombosis venosa y/o arterial, embolia pulmonar, enfermedades cerebrovasculares y cardiovasculares y trombosis 
microvascular difusa. Dado que el endotelio es un órgano vital en la regulación del tono vascular y la homeostasis, su afectación 
conduce a vasoconstricción, isquemia, infarto e inflamación y esto posiblemente cause debilitamiento de su estructura.
En él siguiente reporte de caso, narramos la historia de un paciente con neumonía por SARS-CoV2, que presentó concomitancia 
de alteraciones endoteliales hemorrágicas y trombóticas, expresadas por una hemorragia subaracnoidea aneurismática 
accidentada y una tromboembolia pulmonar submasiva.

Palabras clave: SARS-CoV2, COVID-19, hemorragia subaracnoidea, aneurisma cerebral, tromboembolia pulmonar.

Abstract: COVID-19 is caused by SARS-CoV2, a beta coronavirus currently responsible for a pandemic with a high rate of 
contagiousness and mortality worldwide. In addition to its impact at the lung level, this virus can trigger a storm of proinflammatory 
cytokines that damage the vascular endothelium, generate endothelium, endothelial dysfunction, and a high prevalence of 
thrombotic events. Clinically, this phenomenon's expression is evidenced by high D-dimer levels, venous and arterial thrombosis, 
pulmonary embolism, cerebrovascular and cardiovascular diseases, and diffuse microvascular thrombosis. Since the endothelium 
is a vital organ in regulating vascular tone and homeostasis, its involvement leads to vasoconstriction, ischemia, infarction, and 
inflammation, which possibly causes a weakening of its structure.
In the following case report, we narrate the history of a patient with SARS-CoV2 pneumonia, who presented concomitance of 
hemorrhagic and thrombotic endothelial alterations, expressed by an accidental aneurysmal subarachnoid hemorrhage and 
submassive pulmonary thromboembolism.

Key words: SARS-CoV2, COVID-19, subarachnoid hemorrhage, cerebral aneurysm, pulmonary thromboembolism.

CASE REPORTS / REPORTE DE CASO

Introducción
El COVID-19 es causado por el SARS-CoV2, un coronavi-

rus beta, que actualmente es responsable de una pandemia 
con alta tasa de contagiosidad y mortalidad a nivel mundial1. 
El impacto pulmonar de ésta enfermedad está dado por hi-
poxemia secundaria a daño alveolar directo y aumento de los 
productos de degradación de la fibrina2, especialmente el dí-
mero D3,4; por lo que los síntomas de enfermedad embólica 
pulmonar y neumonía viral suelen coexistir y solaparse en al-
gunos casos5-7.

Este virus, a más de su impacto a nivel pulmonar, puede 
desencadenar una tormenta de citocinas proinflamatorias que 
dañan el endotelio vascular generando endotelitis, disfunción 
endotelial y alta prevalencia de eventos trombóticos8. Clínica 
y analíticamente la expresión de este fenómeno se evidencia 
con niveles elevados de dímero D, trombosis venosa y/o ar-
terial, embolia pulmonar, enfermedades cerebrovasculares, 
cardiovasculares y trombosis microvascular difusa. Dado que 
el endotelio es un órgano endocrino, paracrino y autocrino di-
námico con un papel vital en la regulación del tono vascular 
y la homeostasis, su afectación conduce a vasoconstricción, 

isquemia, infarto e inflamación y esto posiblemente cause de-
bilitamiento de su estructura9,10.

En el siguiente reporte de caso, narramos la historia de 
un paciente con neumonía por SARS-CoV2, que presentó con-
comitantemente alteraciones endoteliales hemorrágicas y 
trombóticas, expresadas por una hemorragia subaracnoidea 
aneurismática accidentada y una tromboembolia pulmonar 
submasiva.

Caso Clínico
Varón de 63 años, con antecedentes de tabaquismo desde 

hace 40 años (Índice de paquete año 40). Acudió por tos seca 
y alza térmica de 6 días de evolución que se agrava y progresa 
a taquipnea, desaturación de oxígeno (O2) hasta 83% y disnea. 
No antecedente de eventos traumáticos ni compromiso neu-
rológico.

Ingresó por emergencia, donde pese a administración de 
O2 a alto flujo no mejoró su oxigenación y persistió con taquip-
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nea, por lo que en 12 horas ingresó a ventilación mecánica in-
vasiva, requirió alta concentración de O2 (FiO2 75%) y elevada 
presión positiva al final de la expiración (PEEP) 14cmH2O, por 
ello fue transportado a la Unidad de Terapia Intensiva (UTI) a 
las 72 horas de ingreso hospitalario.

En UTI, fue admitido bajo sedación y analgesia profunda 
más relajación muscular, RASS-3, pupilas de 2mm, con refle-
jo fotomotor, oculocefálico y corneal presente bilateralmente. 
Signos vitales de ingreso: TA 140/78mmHg, TAM 102mmHg, 
FC 62, FR 24, SO2 98%, sin requerimiento de vasopresores y 
bajo ventilación mecánica invasiva, en secuencia mandatoria 
continua, controlada por presión, con PaO2/FiO2 menor a 100 
mmHg pese a FiO2 de 100% y PEEP de 15, por lo que se pro-
cedió a ventilación en posición prona. Recibió cobertura antimi-
crobiana empírica con aminopenicilina más macrólido, además 
corticoides y anticoagulación por valores elevados de dímero D 
y ferritina respectivamente. (Tabla 1) 

Después de 48 horas de ventilación en prono, se eviden-
cia bradicardia sinusal de 24 horas de evolución (Figura 1), con 
frecuencia cardíaca de 33 lpm sin compromiso en la hemodi-
namia; mejoró su oxigenación, con PaO2/FiO2 de 194 mmHg y 
con PEEP < 10mmHg por lo que se indicó despronación y re-
torno al decúbito supino. Posterior a la despronación presentó 
parada cardiorrespiratoria de 1 minuto con retorno de la circu-

que reveló una imagen hiperdensa de 6.1x5x5.4 centímetros, 
volumen aproximado 316 mililitros con relación a sangrado 
que se extiende hacia sistema ventricular, que desplaza la lí-
nea media hacia la izquierda 8.8 milímetros (Figura 3A); una 
dilatación aneurismática de base ancha 3.5 milímetros, saco 
aneurismático 4.6x3.8 a nivel de arteria cerebral media dere-
cha en la bifurcación hacia segmento M2. (Figura 3B). Y la an-
giotomografía de tórax mostró defectos de llenado a nivel de la 
rama terminal de la arteria pulmonar derecha en relación con 
tromboembolia pulmonar aguda. (Figura 3C).

Posterior a los hallazgos, la evolución del paciente fue 
mala, presentó choque refractario y falleció a las 72 horas de 
su ingreso a la UTI.

Discusión
Éste reporte de caso  de infección por SARS-CoV2; es 

elocuente de la clínica variada del virus, presenta afección he-
morrágica que coexiste con trombótica a nivel de dos órganos 
diferentes como el cerebro y el pulmón respectivamente; ade-
más de hipoxemia propia de la presentación clásica del virus y 
bradiarritmia por efecto cardíaco directo.

De manera particular en el ámbito neurológico existe 

Tabla 1. Analítica de ingreso a la unidad de terapia intensiva.

Figura 1. Elecardiografía al ingreso (A) y al momento de la bradicardia (B), que muestra frecuencias cardíacas de 53 y 33 latidos 
por minuto respectivamente.

lación espontánea luego de aplicar protocolo de reanimación 
cardiovascular avanzada. 

Posterior al evento de parada cardiaca; se encontró mi-
driasis pupilar bilateral de 5 milímetros y ausencia de reflejos 
del tallo encefálico, por lo que, se solicitó estudios de imagen 
cerebral y pulmonar.

La tomografía simple de cráneo mostró una hemorragia 
subaracnoidea temporo-parietal derecha y frontal izquierda 
(Figura 2). 

Posteriormente se realizó una angiotomografía cerebral 

mayor predisposición a enfermedades cerebrovasculares: de 
tipo isquémico agudo, trombosis del seno venoso, hemorragia 
cerebral, encefalopatía hemorrágica necrotizante aguda y he-
morragia subaracnoidea que fue lo que finalmente dió un des-
enlace fatal a nuestro enfermo11-15.

La arritmia en el COVID-19, es relativamente frecuente 
con una incidencia de 16,7% de forma general y de 44% en 
pacientes críticamente enfermos de forma particular16; la res-
puesta inflamatoria excesiva desencadena injuria miocárdica y 
miocarditis, además de otras posibles noxas cardíacas como 
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la ruptura de placas ateromatosas y trombosis coronaria17. 
En nuestro paciente la bradiarritmia se pudo haber explicado 
desde causas farmacológicas como el uso de opioides hasta 
miocárdicas y neurológicas directas inducidas por el virus, que 
parecen ser las responsables finales de la misma.

El SARS-CoV2 es neurotrópico mediante 2 mecanismos, 
la diseminación retrógrada hematógena y neuronal12.

En la vía hematógena, el virus se une a los receptores de 
la Enzima Convertidora de Angiotensina 2 (ECA2), expresados 
en el endotelio capilar de la barrera hematoencefàlica (BHE), 
así infecta leucocitos y los disemina en el sistema nervioso 
central (SNC). La vía neuronal, es la otra ruta de entrada, el 
virus infecta las neuronas periféricas y las utilizan para gene-
rar transporte axonal y así ingresar al SNC a través del nervio 
olfatorio, ya que muchos receptores ECA2 se expresan amplia-
mente en las células epiteliales de la mucosa oral y nasal15,18.

El SRAS-Cov2, induce tormentas de citoquinas, provo-
cando inflamación sistémica con altos niveles de IL-6, IL-1β y 
TNFα.19; esto puede desencadenar lesión endotelial, por des-
composición del colágeno y aumento de la permeabilidad de la 

BHE inducida por la metaloproteinasa-9 (MMP-9); que rompe 
el colágeno de la membrana basal de la pared vascular y una 
reacción inflamatoria disregulada por respuesta exagerada de 
los linfocitos T helper 1 (TH1) y macrófagos20-22. Esto podría 
explicar la inestabilidad aneurismática con rotura posterior y 
hemorragia subaracnoidea catastrófica en nuestro paciente.

La coexistencia de tromboembolismo pulmonar, es expli-
cable por los fenómenos trombóticos que son cada vez más 
descritos y estudiados en COVID-19, se producen por  disfun-
ción endotelial y endotelitis que llevan a la formación de trom-
bos. Se ha determinado la presencia de estructuras de inclu-
sión viral en las células endoteliales que ingresan a través del 
receptor ECA2, reclutan células inmunes e inducen apoptosis. 
Además en los vasos pulmonares existe un síndrome trombo-
inflamatorio obstructivo (MicroCLOTS), que se caracteriza por 
el desarrollo de trombosis pulmonar microvascular. Finalmen-
te el endotelio está cubierto por una estructura que es el glico-
cálix, degradada directamente por el virus que desencadenaría 
todos los eventos descritos9,23.

Figura 2. Tomografía simple de cráneo que muestra hemorragia subaracnoidea temporo-parietal derecha y frontal izquierda 
(flechas rojas).

Figura 3. La figura 3 muestra en A la hemorragia subaracnoidea de gran volumen (flecha roja), en B la dilatación aneurismática 
en arteria cerebral media derecha (flecha roja) y en C muestra el trombo a nivel de la rama terminal de la arteria pulmonar 
derecha.
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Conclusiones
El presente caso clínico es relevante al informar sobre la 

habilidad del virus para dañar el endotelio vascular de formas 
diversas, que van desde la propensión a la trombosis hasta la 
hemorragia y el debilatimiento vascular con rotura. Espera-
mos que la experiencia aquí presentada aporte nuevas herra-
mientas para conocer la amplia gama clínica del SARS Cov2 y 
permita a la comunidad mèdica tener más instrumentos clíni-
cos para diagnosticar éste mal.
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Abstract: SAR-CoV-2 originated from China with first case reporting from Wuhan, has been declared as pandemic by WHO on 
March 11 2020, which has affected millions of people around the globe with 213 countries and territories infected worldwide. It 
has caused the death of around 0.6 million individuals with no specific or promising vaccines or treatment available until now 
to prevent COVID 19, which has been approved; this has led the world to a global crisis not only on the health front but also 
affected the economic sectors. Researchers across the globe are working around the clock with their level best to discover 
promising therapeutic approaches for COVID 19, but till now for the treatment, only 3 therapeutics have been approved, including 
dexamethasone in U.K. and Japan, Avigan in Russia, Italy, and China and remdesivir in Japan and Australia; also convalescent 
plasma therapy is seen to be effective in critical cases of COVID-19, however, there are limitations with the use of this plasma 
therapy like the time point of treatment, optimal dose as the dose may vary with number of patients the particular therapeutic 
effects of convalescent plasma therapy will be further explored in randomized clinical trials. Several complete multinational 
studies are investigating alternative therapies. More than 100 countries entered a cooperation to evaluate applicants for high-
profile COVID-19 diagnosis with this most massive WHO's cooperation. According to WHO's information, there are 28 vaccine 
candidates under clinical evaluation, with 6 of them entering phase 3. This review emphasizes the allopathic approaches along 
with the Chinese herbal medicine for the prevention of COVID-19. This paper also includes a brief discussion on the vaccine and 
nutritional supplements.

KeyWords: SAR-CoV-2, COVID-19, therapeutics, drugs, vaccines.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction
The novel coronavirus (Severe Acute Respiratory Syndrome 

Coronavirus 2) is the epigenetic modification of COVID-19, 
which was first identified at the end of 2019 in Wuhan, China1,2. 
The SARS-CoV and SARS-CoV-2 spike proteins are 77.5% 
identical to the primary A.A. (amino acid) sequence and bind 
to ACE2 protein (human angiotensin-converting-enzyme -2) as 
RBD (Receptor Binding Domain) bind firmly to ACE2 receptors 
present in human and bat3. Researchers found that SARS-
CoV-2 RBD has a higher binding affinity than SARS-CoV RBD 
to receptor ACE23.

Due to the rapid increase in this CoV disease, on January, 
31 World Health Organization (WHO) declared COVID-19 a 
public health emergency of international concern2. The virus 
has infected >3 million people around the globe and killed > 
2 lakh people worldwide2. On March 11 2020, COVID-19 was 
declared as a pandemic disease by WHO4. SARS CoV2 is 
mainly transmitted in humans to humans through coughing 
and sneezing, leading to severe complications like septic 
shock, coagulation dysfunction, ARDS with multiple organ 
failure4. Looking into the rapid increase in patient numbers 
daily, required for promising therapeutic intervention1.

In this review, almost all therapeutic approach is available 
for the COVID-19 treatment ranging from drugs to Chinese 
herbal medicine, vaccines and convalescent plasma therapy 
has been discussed1,5.

Drugs and treatments available
COVID-19 has been considered one of the biggest 

challenges in the modern era faced by medicine. Scientists 
and researchers are continually seeking remedies and 
medications to save infectious people's lives and maybe even 
avoid infection. Though F.D.A has yet not approved any drug 

completely, but It provided authorization for emergency usage 
to others, with some of them being widely used, others giving 
promising evidence, and few of them being used as a tentative 
alternative.

Some of the drugs have been discussed below.

ANTIMALARIAL

Choloroquine and Hydroxychloroquine
Mechanism of action - Inhibition of RNA and DNA 

polymerase enzymes and inhibition of ACE2 cellular receptor. 
It was initially used to treat malaria and later approved for 
other diseases such as lupus, and rheumatoid arthritis, a less 
toxic version of chloroquine is known as hydroxychloroquine. 
This drug proved as one of the most controversial drugs during 
the initial phase Scientists have found that both medications 
will inhibit the coronavirus from replicating in cells during the 
small studies but later in March, WHO launched a randomized 
clinical trial to check the effectiveness of the drug against 
COVID-196,7.

RNA DEPENDENT

Remdesiver (GS-5734)
Mechanism of action - Drug evades proofreading by viral 

exoribonuclease enzyme8.
It was the first drug to get the FDA's emergency 

authorization; this was initially tested against Ebola and 
Hepatitis C. Initial findings from the trials which began this 
season indicated that the medication might shorten the 
recovery period for people hospitalized with Covid-19 from 15 
to 11 days8,9.
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Favipiravir
Mechanism of action - Inhibits viral RNA synthesis9.
Initially used for influenza, shows mixed evidence in its 

use against COVID-19 during trials. Limited research carried 
out in March suggested the medication could be effective in 
expunging the coronavirus from the airway, although the 
findings of broader, well-designed clinical trials are still 
awaited8,9.

Ribavirin
Mechanism of action – It is a nucleoside inhibitor that stops 

viral mRNA capping and viral RNA synthesis7,8,9.
The antiviral properties of Ribavirin on the immune system 

was 1st observed with the treatment of hepatitis. It was also 
used for the treatment during SARS and MERS outbreak, 
which significantly showed the viral load reduction when given 
individually or in other antiviral drugs. A phase 2 randomized 
trial was conducted for COVID-19 when a combination of drug, 
including ribavirin (oral nucleoside analog), interferon beta-1b 
(injectable), and lopinavir-ritonavir (oral protease inhibitor) 
was found to be effective in suppressing COVID-19 although 
this study had several limitations9,10,11.

SUPPORTIVE THERAPY

Tocilizumab
Mechanism of action – Inhibited IL-6-mediated signaling10.
Tocilizumab belongs to the IgG1 class, a recombinant 

humanized monoclonal antibody, Aimed at both the soluble 
and the Interleukin's membranous forms receptor 6 (IL-
6). It was initially used to treat severe rheumatoid arthritis, 
systemic juvenile idiopathic arthritis, giant cell arteritis, 
and life-threatening cytokine release syndrome induced 
by chimeric antigen receptor T cell therapy. In a study, the 
patients were treated with Either intravenous or subcutaneous 
tocilizumab, and the quality of care relative to routine practice. 
The correlation with tocilizumab usage became greater 
during reviews of the total mortality risk separately, although 
the study had many limitations as the comparison was not 
randomized11,12.

Sarilimuab
Mechanism of action – Binds to membrane-bound receptors 

& soluble IL-6 receptors (sIL-6 R & mIL-6 R)3.
Sarilimuab precisely binds to the IL-6 receptor and 

demonstrates to block IL-6-mediated signaling. IL-6 is an 
immune system protein developed in high quantities in 
rheumatoid arthritis patients and correlated with disease 
development, joint damage, and other systemic problems. It is 
being tested for it's potential to suppress COVID-19-associated 
overactive inflammatory immune response based on reports 
of significantly elevated rates of IL-6 in seriously ill coronavirus 
patients. But during the phase 3 trial of sarilimuab (kevzara) in 
the U.S., it was announced that the use of this drug requires 
mechanical ventilation and did not fulfill its primary and 
secondary endpoints when compared with placebo; depending 
on this result, the trial has been stopped11.

Siltuximab
Mechanism of action – Binds to both membrane-bound 

receptors & soluble IL-6 receptors (sIL-6R & mIL-6R)12.
Siltuximab is an IL-6 focused mAb approved by the United 

States Food and Drug Administration (FDA) and the European 
Medicines Agency ( EMA), among other regulatory bodies, 

for the treatment of patients with multicentered Castleman 
disease (MCD) who are found to be negative in human 
immunodeficiency virus ( HIV) and human herpesvirus-8 (HHV-
8). As it is an inhibitor of IL-6, Prevents the escalation of IL-6 
in the cytokine storm responsible for getting the elevated CRP 
concentrations during COVID-19. However, the drug has been 
approved for several clinical trials but has not been approved 
by the FDA for complications related to COVID-1913.

Leronliamb
Mechanism of action - Leronliamb mitigate cytokine storm 

and enhance immune response8.
Leronlimab is a humanized IgG4 mAb research that blocks 

CCR5, a cellular receptor significant in HIV infection, tumor 
metastases, and other diseases like NASH. Recently, a small 
clinical study found that leronlimab would minimize viral load 
from plasma and help rebuild the COVID-19 patient immune 
system. Within seven days of diagnosis, seriously ill patients 
reported rapid immune regeneration and extubation, according 
to IncellDx;. However, this was a small-scale study, although 
extensive randomized placebo-based studies are also going on 
to evaluate drug efficacy, where it has shown positive results8.

Anakinra
Mechanism of action - Inhibit binding of IL-1 beta & IL-1 

alpha to the IL-1 type-1- receptor (IL-1R1)12.
Anakinra is a non-glycosylated recombinant 17 kD 

Human receptor antagonist IL-1, with a limited half-life 
about 3–4 hours, with a strong health profile. It has been 
used for the treatment of rheumatoid arthritis. In a study, it 
was observed that this drug had been proved effective in the 
hyperinflammatory phase of COVID-19 where the level of CRP 
decreases with anakinra treated patient, and the respiratory 
functions have also seen improving; although, it also had 
several limitations like all other drugs and immunomodulators 
being considered13.

SOME DIFFERENT DRUGS USED FOR TREATMENT OF 
COVID-19

Corticosteroids
Both advantageous and injurious clinical effects have been 

documented in patients with other pulmonary infections, using 
corticosteroids (mostly prednisone or methylprednisolone), 
but Corticosteroids were examined with contradictory findings 
in critically ill patients with an acute respiratory distress 
syndrome (ARDS). Seven randomized, controlled trials, 
which included 851 patients, assessed corticosteroid use in 
ARDS patients. A meta-analysis of these test results showed 
that corticosteroid therapy lowered all-cause mortality risk 
compared to placebo. The COVID-19 Treatment Guidelines 
Panel (the Panel) suggested using dexamethasone based on 
a preliminary report from the RECOVERY trial, for the patients 
who are mechanically ventilated or either require supplement 
oxygen. However, the patients that do not require supplemental 
oxygen should not be given dexamethasone. In case it is not 
available other alternative glucocorticoids such as prednisone, 
methylprednisolone, or hydrocortisone are recommended. 
However, there is a risk of adverse side effects with these 
drug-drug interactions that should be closely monitored14.

Metronidazole
Metronidazole is an antibiotic category of nitro-imidazole 

that has the potential to cure infectious diseases which have 
also been used to cure COVID-19; the treatment with this drug 
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to COVID-19 patients led to an appropriate cytokine reduction 
stated by Gharebaghi et al., the main concern here is the effect 
of this drug on the significant cytokine reduction. In a study, IL-12 
has been proved as a marker that can further help researchers 
identify patients infected with COVID-19 during early infection, 
MTZ inhibits IL-12 from binding to the IL-12 receptors by 
altering the surface and volume of IL-12. Few other drugs 
such as metronidazole phosphate, metronidazole benzoate, 
acyclovir, tetrahydrobiopterin, and 1- [1- (2- hydroxyethyl) 
-5-nitroimidazole-2-yl] - N-methylmethanimine oxide have 
also been approved by the U.S. Food and Drug Administration 
(FDA) during their virtual screening as they work in the same 
manner like MTZ. Other reasons can be modifications in the 
position of methyl and hydroxyl functional groups in MTZ have 
triggered IL-12 active sites' inhibition. Therefore, this drug can 
be hope in COVID-19 treatment15.

Bronchodilators
Bronchodilators are the medicine that relaxes the lungs' 

muscle and widens the bronchi, making patient breathing 
easier. Mainly there are three types of bronchodilators which 
are Beta 2 agonists, Anticholinergics, and Theophylline16.

It is useful in treating patients of COVID-19 who has a 
history of chronic obstructive pulmonary disease (COPD) or 
underlying asthma3.

Anticoagulant
Anticoagulants are medicines that prevent blood clots. 

The most common anticoagulant is warfarin, and some 
different anticoagulants are rivaroxaban, dabigatran, apixaban, 
and edoxaban. The Anti-coagulation is not recommended 
for the COVID -19 patient who has confirmed Venous 
thromboembolism (VTE)3.

Convalescent plasma therapy
Convalescent plasma is adoptive immunotherapy that was 

practiced in the 1918 influenza epidemic to save from viruses 
and protect the lungs from severe damage18. In the 1918 crisis of 
influenza, A (H1N1) virus, early implementation of convalescent 

blood products decreased the absolute risk of pneumonia-
related mortality up to 21%19. Neutralizing antibodies adhere 
to the spike-protein virus, which contributes to confirmation of 
the spike and could cause the peculiar result of better access 
into human cells through the IgFc- receptor20. Convalescent 
Plasma therapy is the antibody-dependent enhancement of 
entry (ADE). A convalescent plasma therapy blood sample 
is collected from the person who recovers from COVID-19 
infection, and then serum is isolated from the sample5. The 
separated serum containing antibodies generated against the 
target antigen is given in the infected person to combat the 
virus's infection. As antibodies bind to the antigen, the immune 
response is neutralized or activated29. Hence, identifying the 
monoclonal-antibody of humans that neutralizes SARS-COV-2 
5. Until now, there is no effective treatment for SARS-COV-2 
because of the absence of evidence22. Convalescent plasma 
therapy is effective as antibodies from convalescent plasma 
suppress viremia22. Immunoglobulin's or convalescent plasma 
is seen to be effective in critically ill patients. The convalescent 
treated patient has to stay in the hospital for a shorter period 
with a lower mortality rate in patients who are not treated 
with convalescent plasma24. The primary immune response is 
usually response development in patients during 10 to 14 days, 
followed by virus clearance22. According to the Public Republic 
of China National Health Commission, convalescent therapy 
diagnosis will fellow principle1. First, the disease course should 
not extend 3 weeks, as well as the patient should have positive 
viremia or viral nucleic acid certified by clinical experts. 
Second, their plasma infusion dose is determined for critically 
ill patients according to the patient's weight 200-500ml (45 
ml/kg) and depends upon the clinical situation24. According to 
the study, 5 patients with a reported COVID-19 & ARDS (Acute 
Respiratory Disease Syndrome) case obtained convalescent 
plasma with 2 consecutive transfusions of 200 ml - 250 ml of 
convalescent plasma with a cumulative dose of 400 ml25. After 
convalescent plasma infusion within a 3 day body temperature 
normalized in 4 to 5 patients, and the score of sequential organ 
failure access (SOFA) decreased25. Patients were negative 
with SARS COV2 neutralizing antibodies within 12 days of 

Table 1. Clinical trials of drugs for COVID-1917.
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transfusion, and 14 patients recovered from ARDS after 12 
days of transfusion, and within the 2 weeks of treatment, 3 
patients were weaved from ventilation3. After convalescent 
plasma transfusion, there is a reduction in pulmonary lesions 
during chest C.T. examination of the patient. There are no 
severe adverse effects reported so convalescent plasma 
therapy could be successful in patients infected with SARS- 
COV-225.

Vaccine
Vaccines play a crucial role in not only protecting an 

individual but the entire community, as it trains the body's 
immune system to identify and attack against the virus 
while encountering it. At present more than 100 projects are 
being worked on around the world for the COVID-19 vaccine. 
Many collaborations have formed around the globe, such 
as COVAX, with 150 countries involved. COVAX is co-led by 
Gavi, the Coalition for Epidemic Preparedness Innovations 
(CEPI), and the WHO. Its goal is to promote the production 
and manufacture of COVID-19 vaccines and ensure equal 
and reasonable access for all countries globally. The ACT 
Accelerator is a ground-breaking global partnership to speed 
up the growth, output, and equal access to COVID-19 studies, 
treatments, and vaccinations18,19,28,29.

Several vaccines are under clinical and pre-clinical trials, 
and researchers are putting their best to discover a vaccine 
against this novel coronavirus. According to the document 
drafted by the world health organization, vaccines include 
26 candidate vaccines under clinical trial with candidates 
including viral vectors, RNA, DNA, protein subunits; apart from 
these, 139 candidates are under pre-clinical evaluation. Some 
of the vaccines under clinical trial are discussed below.

RNA vaccine
There are 5 RNA vaccines under clinical trial currently 

with the first one being 1273 mRNA vaccine developed by 
Modern Tx Inc and NIAID (Cambridge, MA, USA) convert 
SAR COV2 viral protein sequence into mRNA when induced 
into the body34,35. This vaccine is encapsulated within a lipid-
nanoparticle and developed by the SARS- COV-2 virus against 
spike glycoprotein(s) where the administration route is 
intramuscular. The mRNA-1273 is under phase 3 clinical trial 

(NCT no.- NCT04470427). Another one is BioNTech/Fosun 
Pharma/Pfizer with vaccine candidate 3 LNP mRNAs being 
in phase 3 with the route of administration intramuscular; the 
rest are in phase 1 and 2 with trails still going on18,19,28,29.

DNA vaccine
There is 4 DNA vaccine with all of them being in phase 1/2 

where vaccine candidates are DNA plasmid either with adjuvant 
or with electroporation with intradermal/ intramuscular route 
of administration18,19,28,29.

Virus-Like Particle Vaccine
There is only one VLP vaccine under clinical evaluation 

sponsored by Medicago Inc., where the candidate is plant-
derived VLP adjuvanted with GSK or Dynavax adds administered 
through intramuscular route under phase 1 clinical trial18,19,28,29.  

Protein Subunit Vaccine
There are 7 vaccine candidates out of which the one in 

phase 2 clinical trial is manufactured by Anhui Zhifei Longcom 
Biologic Pharmacy Co., Ltd. Where vaccine candidate is 
Adjuvanted recombinant protein (RBD-Dimer) administered 
through the intramuscular route. The other 6 are either in 
phase 1/2 or in phase 1,18,19,28,29.

Non-Replicating Viral Vector Vaccine
There are 4 vaccines under clinical evaluation from which 

the one manufactured by the University of Oxford/AstraZeneca 
with vaccine candidate ChAdOx1-S is administered through 
intramuscular route in under phase 3 of the clinical trial while 
the rest is in phase ½,18,19,28,29.

Traditional Chinese Herbal (TCM) medicine
The government of China uses TCM (Traditional Chinese 

Medicine) with conventional medicine in approximately 26 
provinces to treat COVID-19. On February 17, the NHC (National 
Health Commission) of the Public Republic of China treatment 
85.20% of the total confirmed cases with TCM. Till March 
1 2020, almost 50 trials (16.5%) out of 303 ongoing clinical 
trials include using TCM 14 cases (4.6%), including combined 
treatment with western medicine & TCM29,30.  Below, the list of 
Traditional Chinese Medicine has been discussed.

Figure 1. Convalescent plasma therapy path.
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meta-analysis, vitamin D plays a vital role in minimizing the 
alveolar damage during Acute Respiratory Tract Infection. 
Evidence showed that vitamin D has an almost 12% protective 
effect against viral and bacterial respiratory tract infection 
so, supplementation intake needs to be started before 
infection. The mechanism behind the use of Vitamin D lies 
in the stimulation of cathelicidins and defensins that we can 
increase the concentration of Anti-inflammatory cytokines 
and reduce the level of pro-inflammatory cytokines can induce 
inflammation and pneumonia. Vitamin D also decreases the 
replication of viruses, so, based on this data, vitamin D can play 
an influential role in decreasing the role of COVID-1931,32.

Vitamin A
Vitamin A deficiency people are more prone to viral 

infection and various other influenza, measles, virus, etc. 
Vitamin A enhances the level and function of N.K. (Natural-
Killer Cells), B-cells, T-cells, neutrophils, and macrophages or 
monocytes31,32.

Vitamin C (L-ascorbic acid)
In early days literature, high doses of intravenous Vitamin C 

during sepsis during ARDS have a protective effect31,32. HDIVC 
reduces DNA plasma cells, which play a significant role in 
sepsis-induced multiple organ failure inflammations. Thus, 
vitamin C can be useful micronutrients that can decrease the 
risk of COVID -1931,32.

Conclusions
Global vaccination study and engineering initiative to tac-

kle the pandemic COVID-19 had no history on pace and sca-
le. The R & D area's frequency suggests that vaccines under 

Table 2. Different types of vaccine for trial28.

Table 3. Different types of Chinese herbal medicine29,30.

Micronutrients
Various micronutrients like iron, zinc, vitamin A, C, D, and 

selenium play a vital role in our immunocompetence31,32. 
We will discuss some micronutrients that are essential for 
decreasing the risk of COVID-1931,32.

Vitamin D
Vitamin D has the property to regenerate epithelial 

lining and can alleviate acquired immunity27. Based on a 
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emergency usage or related protocols should be accessible by 
early 2021. It will mark a significant shift from the conventional 
vaccine delivery process, which requires more than 10 years 
on average compared to the rapid 5-year production cycle for 
the first Ebola vaccine. This novel vaccine production includes 
phases of concurrent and competitive growth, creative regula-
tory processes, and production capability scaling. Along with 
the vaccines, scientists and researchers worldwide are wor-
king day and night on drugs and immunotherapy that would be 
proven effective and efficient in fighting a pandemic number 
of drugs and immunomodulators under randomized clinical 
trials. However, none of them has got the approval from FDA, 
but these vaccines and drug can be the only effective way in 
which this world can combat this COVID-19 pandemic, which 
has affected not only the health sector but lead to a significant 
loss in the economic sector in countries around the globe.
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Development of research on COVID-19 by the World Scientific Community in 
the first half of 2020

Daniel Tinôco1* and Suzana Borschiver2 DOI. 10.21931/RB/2020.05.04.23
Abstract: The World Scientific Community has carried out several studies on the novel coronavirus, responsible for the current 
COVID-19 pandemic. This study aimed to verify the development level and research evolution on COVID-19, summarizing 
experts' main trends in the first half of 2020. The most cited articles focused on understanding the disease, addressing aspects 
of its transmission, viral activity period, symptoms, health complications, risk factors, and the estimate of new cases. These 
papers also focused on the treatment/prevention and management of COVID-19. Several drugs and alternative treatments 
have been investigated, such as the convalescent plasma transfusion and stem cell transplantation, while an efficient vaccine is 
developed. Prevention and control measures, such as social isolation and immediate case identification, were also investigated. 
Therefore, the main COVID-19 trends were identified and classified in disease, treatment/prevention, and pandemic management, 
contributing to scientific understanding and future studies.

KeyWords: Novel coronavirus; SARS-CoV-2; COVID-19 scientific development; COVID-19 evolution; COVID-19 trends.
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Introduction
At the end of December 2019, in Wuhan's city in China, 

a novel coronavirus appeared, responsible for a severe acute 
respiratory syndrome, similar to the one in 2003, called 
SARS-CoV-2. A month later, the World Health Organization 
(WHO) declared that the coronavirus disease 2019 (COVID-19) 
outbreak consisted of a Public Health Emergency of 
International Importance, after H1N1 (2009), Poliomyelitis 
(polio) (2014), Ebola in West Africa (2014), Zika (2016), and 
Ebola in the Democratic Republic of Congo (2019). In March 
2020, WHO declared the COVID-19 pandemic1.

In the first half of 2020 alone, the COVID-19 pandemic 
was marked by more than 11.6 million infected people, more 
than 500,000 deaths, and 216 affected countries worldwide, 
according to WHO. Until this moment, the USA and Brazil were 
the countries with most disease cases2.

With the emergence and advancement of COVID-19, the 
world scientific community began a series of investigations and 
research to understand the behavior of the novel coronavirus 
in the human body, the consequences of the disease caused 
by it, and the most effective treatment for the combating of 
the COVID-19 pandemic. Furthermore, several studies have 
presented disease management guidelines or held discussions 
about implementing public health policies by the affected 
countries' governments3,4. Social isolation measures, rapid 
identification of suspected cases, and the tracking and follow-
up of potential contacts between infected and non-infected 
were the main strategies suggested as efficient in preventing 
and controlling the COVID-194.

In this study, a prospection of scientific articles about 
COVID-19 was carried out, aiming to establish the scientific 
trajectory of the disease and identifying the development 
level of worldwide research on the novel coronavirus in 
recent months, specifically from February to June 2020. The 
selected papers were classified according to their approach, 
highlighting the transmission aspects, symptoms, risk factors, 
proposed treatments, clinical tests, and measures to prevent 
and control the disease.

Scientific Studies
China, the USA, and the U.K. were the countries with the 

most papers on COVID-19 cited by the scientific community. 
About 28% of the scientific investigations were performed by 
Chinese research institutions and universities, followed by 
16% from the USA and 11% from the U.K. Several studies were 
conducted in hospitals by health professionals linked or not 
to the academy (Figure 1). Medical associations from different 
countries and national and international scientific research 
centers, such as the Centers for Disease Control and Prevention 
(USA) 5 have also developed research on the subject.

About 60% of the papers presented disease aspects, 
whose main nomenclatures were: COVID-19, SARS-CoV-2 
(acute respiratory syndrome coronavirus 2), Novel coronavirus 
pneumonia, and Wuhan pneumonia. The novel coronavirus 
origin was attributed to two animals, the bat and the pangolin. 
For the bats, two types of viruses have been reported: bat-
SL-CoVZC45 and bat-SL- CoVZXC216. For the pangolins, 
the Pangolin-CoV was identified7. About 23% of the papers 
corresponded to the disease's treatment and prevention 
investigations, and 17% discussed COVID- 19 management 
(Figure 2). Many studies on the disease were due to the novelty 
of this virus, in which, despite the experience with Sars-CoV in 
2003, little was known about the treatment and control forms. 
Therefore, in the first months, specialists investigated the 
disease mostly to understand it and control it.

Scientific Trajectory
The scientific trajectory revealed essential aspects for the 

understanding of the COVID-19. Approximately 70% of the 
papers discussed the disease in March 2020, 50% approached the 
treatment and prevention in February 2020, and 30% suggested 
management measures of disease in May 2020 (Figure 3). The 
search for treatment before a complete understanding of the 
disease can be explained by the novelty and the rapid advance 
of COVID-19, which in February 2020 required immediate action 
to control the infection. With the disease development and the 
scientific research advancement, about 67% of the investigations 
in June 2020 focused on understanding the disease.
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Disease
COVID-19 was characterized as flu, capable of generating 

complications in the human respiratory system, such as 
pneumonia. People with comorbidities or old age were 
more prone to the most severe disease stage, transmitted 
through direct contact with infected people and the air. The 
symptomatic period was more extended than that of ordinary 
flu, and the transmissibility and infectivity were considered 
more significant than SARS-CoV, with the prediction of many 
more contaminated and deaths. The research focus reporting 
the disease has varied over the months. In February 2020, the 

concern was to predict the disease's behavior, while in June 
2020, it was to identify the health complications caused by 
COVID-19. The other disease aspects, such as transmission, 
time, symptoms, and risk factors, were addressed according 
to their identification and occurrence in the infected people 
(Figure 4).

Transmission
Two types of transmission have been identified in scientific 

research: secondary and tertiary transmissions. In both cases, 
the transmission occurred through direct contact by droplets 
exchanged between infected and healthy people, as verified 
by previous studies6. The secondary transmission was also 
attributed to hospital transmission and contact between 
asymptomatic and healthy patients. However, the COVID-19 
expansion in the world has been attributed to international 
travel, especially by people from China6. One of China's first 
transmission cases occurred with a 54-year-old Korean man 
who lived in Wuhan, China. Upon returning to Korea, the man 
transmitted the disease to a friend (secondary route), who, in 
turn, transmitted it to his wife, son, and another friend (tertiary 
route)8. At the beginning of the pandemic, both transmission 
types were also reported in scientific articles; however, in 
March 2020, the only secondary transmission was reported. In 
the following months until June 2020, the novel coronavirus's 
transmission type was not reported by the most cited papers 
(Figure 5A). The closure of borders and international airports 
possibly contributed to the reduction of tertiary transmissions 
in the world.

Figure 1. The most cited papers on COVID-19 by country.

Figure 2. Main approaches on COVID-19 of the most cited papers.

Figure 3. Scientific trajectory on COVID-19 investigations in 
terms of disease, 107 treatment/prevention and management 
approaches.

Figure 4. Main disease aspects identified in research on CO-
VID-19.
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Time
The novel coronavirus' behavior and the disease 

manifestation were correlated with the incubation, 
communicable, and symptomatic periods, and viral shedding 
(Figure. 5B). The average incubation period was 5 days4, 
similar to the SARS time, within the expected range for 
MERS (between 5 and 7 days), and less than the non-SARS 
(3 days)9. However, other studies have reported an average 
time between 5 and 7 days, such as 5.8 days10, 6.4 days6,11, and 
6.7 days12. The incubation period determination contributes 
to the monitoring, surveillance, control, and estimation of 
COVID-199. The incubation period was investigated between 
March and May 2020, in at least 67% of the papers, possibly 
because it represents an important control factor for disease 
transmission.

The communicable period corresponds to the interval 
between the positive clinical diagnosis and the negative tests 
for COVID-19. The average communicable period was 9.5 days, 
reaching up to 21 days for asymptomatic cases13. The average 
COVID-19 symptoms period was 11.5 days in 97.5% of patients, 
with an interval of 1.2 days between the onset of symptoms and 
hospitalization. Disease development was also expected after 
14 days of active monitoring or quarantine in about 101 cases 
for every 10,0009. The viral shedding median was 20 days, 
reaching up 37 days in cured patients. The viral shedding has 
also been identified in killed patients. For the treated patients 
with antivirals, in the severe and in the critical stages, the viral 
shedding median was 22, 19, and 24 days, respectively14. These 
four-time parameters were mostly researched between March 
and May 2020, at least 17% of published studies.

Symptoms
The main COVID-19 symptoms were fever, cough, sputum, 

chills, fatigue, shortness of breath, headache, and olfactory 
and gustatory disorders. Several asymptomatic cases have 
also been identified worldwide (Figure 5C). Fever was the most 
common symptom among patients, and the first identified early 
in the pandemic15, followed by dry cough6, fatigue or myalgia, 
and headache12,16. The onset of fever and cough occurred, 
respectively, in 5 and 7 days8, being the fever classified as mild 
(37.3-38.9 °C) or moderate (38.1-39 °C)16. The onset of fatigue 
occurred in 8 days17.

Other symptoms also verified in COVID-19 patients 
were sputum18, chills, shortness of breath or dyspnea12,17, 
diarrhea, and olfactory and gustatory disorders19. In almost 
86% of patients, olfactory dysfunctions were identified while 
gustatory dysfunctions in 88% of those evaluated in a European 
clinical study on these symptoms. Both dysfunctions were not 
associated with nasal obstruction, and the women were more 
affected than men19.

Asymptomatic cases were also identified. In a study, 24 
asymptomatic cases were evaluated. Approximately 21% 
developed symptoms, such as fever, cough, and fatigue 
during hospitalization, and at least 21% had complications 
in the lungs13. In another study, the COVID- 19 proportion 
of asymptomatic cases reached 32%, higher than measles 
(8%), and lower than polio (90-95%)11. The information on 
asymptomatic cases can help COVID-19 infection control and 
prevent a second outbreak.

Health complications
COVID-19 is an acute respiratory syndrome that can 

progress to pneumonia. Clinical evidence of this complication 
was performed by chest computed tomography (C.T.), which 

identified bilateral abnormalities, peripheral (showing air 
bronchograms), ill-defined, and ground-glass opacification20,21. 
These abnormalities predominantly involved the lower lobes 
of the right lung16,22. The multifocal peripheral ground-glass 
image pattern and mixed opacity prevalent in the lower lung 
can be seen in the first week of the disease, although many 
infected people do not have these complications previously18. 
Furthermore, patients may have multiple lobe involvement, 
interlobular septal thickening23, unilobar inverted halo24, 
traction bronchiectasis, and architectural distortion25. The 
diagnosed lesions included irregular lesions, large confluent, 
and small nodular lesions24, being the diffuse or irregular 
shape, with ground-glass opacity consolidation, observed 
between 1 and 3 weeks from disease onset18,22. Irregular lesions 
were identified mainly in the lower lobes and along the pleura, 
while nodular lesions were distributed in the white-vascular 
bundle forms24. These anomalies have also been identified in 
asymptomatic patients, thus being additional evidence to the 
laboratory results for an early COVID-19 diagnosis22. Chest CT 
showed a low rate of COVID-19 misdiagnosis, being, therefore, 
an option for rapid diagnosis of the disease, although it is 
limited in the identification of the virus type responsible for 
pulmonary complications26. Only in May 2020, at least 80% of 
papers reported studies about other pulmonary complications 
caused by COVID-19 (Figure 5D).

The COVID-19 patients have also shown a decrease 
in blood oxygen saturation (hypoxemia), a reduced white 
blood cell count (leukopenia), with a specific reduction in 
lymphocytes (lymphopenia), and changes in C-reactive 
protein18. Many patients had higher levels of Pt, APTT 
(activated partial thromboplastin time), d-dimer, lactate 
dehydrogenase, PCT (procalcitonin), ALB (albumin), and 
aspartate aminotransferase14,25. Patients with previous lung 
tumors showed edema, exudate, focal reactive pneumocyte 
hyperplasia with irregular inflammatory cell infiltration, and 
multinucleated giant cells in the initial phase of COVID-19, 
even though hyaline membranes were not prominent28.

Psychosomatic issues, such as anxiety, stress, and 
depression during the COVID-19 pandemic, were observed, 
especially in March and April 2020, in at least 10% of the 
most cited papers. An online survey with more than 1,200 
people was conducted in 194 Chinese cities. More than half of 
the interviewees reported moderate to severe psychological 
impact, 16.5% depressive symptoms, approximately 29% 
anxiety, and just over 8% some stress. The survey also found 
that just over 75% of respondents had concerns about family 
members' contamination. The most severe levels of mental 
health complications have been identified among women, 
especially students29.

Risk factors
The main risk factors for COVID-19 involved age, gender, 

and comorbidities such as hypertension, diabetes, heart 
disease, and cancer (Figure 5E). Age was considered the 
leading risk factor by the scientific community since the 
advanced age increased hospital deaths by a ratio of 1:1014. 
The average age was 63-64 years, for the most severe 
cases15,30. China and the USA have seen more severe cases 
in people over the age of 655. The children with an average 
age of 8 years presented mild to moderate symptoms or 
were diagnosed as asymptomatic in most cases31. When 
associated with the male gender, underlying comorbidities, 
and progressive radiographic deterioration13,22, the death 
probability was even more remarkable. Hypertension, diabetes, 
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Figure 5. Scientific trajectory on COVID-19 disease in terms of (A) Transmission. (B) Time. (C) Symptoms. (D) Health compli-
cations. (E) Risk factors. (F) Estimative.

and coronary heart disease were identified as comorbidities 
critical to COVID-1914,30. Obesity was also verified32. Patients 
with acute kidney injury (AKI) had a higher risk of hospital 
death33. Cancer was also assessed as an essential risk factor, 
whose clinical management requires structure, preparation, 
and agility on the oncology community34, primarily due to the 
immunocompromise of patients undergoing invasive cancer 
treatment35.

Estimative
Some scientific studies estimated the number of cases, 

mortality rate, and contact tracing (especially the zero case) 
since the beginning of the COVID-19 pandemic (Figure 5F). The 
increase of cases worldwide was related to international travel 
and late social isolation established by countries, leading to 
an immediate outbreak of COVID-19, as previously seen in 
Italy and Spain, and after in the USA and Brazil. The mortality 
rates in China and Italy became identical and equal to 2.3%, 
with older adults' predominance. The failure to identify the 
Italian zero case may have influenced that rate36. Travel ban 
measures in Wuhan (China) contributed to the reduction 
of about 80% of predicted imported cases in mid-February 
2020, despite a predicted disease progression delay of only 3 

to 5 days. Travel restrictions would only effectively alter the 
COVID- 19 progress if combined with a reduction of at least 
50% in the community transmissions37. Travel restrictions 
were also beneficial in reducing the average number of 
daily reproductions in Wuhan, which dropped from 2.35 to 
1.05 a week after adopting these measures38. All estimates 
were made using the exponential growth rate from Chinese 
exported cases for COVID-19, where the necessary number of 
reproduction (secondary transmission) and the mortality rate 
could be determined. The COVID-19 pandemic was predicted 
from two scenarios: from a single case and using the growth 
rate adjusted with other parameters. Mortality rates ranged 
from 5.3% to 8.4%, while the number of secondary cases 
ranged from 2.1 to 3.2 for the scenarios, respectively39. In May 
and June 2020, research on the COVID-19 cases' estimation 
was not among the most cited papers in the period, possibly 
due to disease stabilization in many countries and the interest 
in other more critical disease aspects.

Treatment and Prevention
COVID-19 treatments have included strategies to control 

the disease's leading symptoms and health complications due to 
the limitations in the rapid development of a vaccine against the 

Development of research on COVID-19 by the World Scientific Community in the first half of 2020
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SARS-CoV-2. Therefore, different drugs have been investigated 
since February 2020 as treatment measures, considered 
palliative and not preventive ones. Medicaments used to fight 
other viruses have been widely carried out. Alternatively, 
antibody transfusion and stem cell transplantation have been 
evaluated in some studies (Figure 6).

although different research groups and experts are in a real 
scientific race for its fast development47. Currently, treatments 
only combat symptoms, acting as anti-inflammatory and 
antiviral drugs. Experience with immunological studies of 
SARS-CoV and its similarity to SARS-CoV-2 allowed the 
tracking and identification of B and T cell epitopes in SARS-
CoV immunogenic structural proteins, also identified in SARS-
CoV-2. As no epitope mutations were observed in more than 
120 SARS-CoV-2 sequences, they were considered useful 
in researching a new vaccine, with complete and global 
coverage48. Other vaccines have also been investigated, but 
not reported in the most cited articles in the first half of 2020, 
possibly because they are confidential research or in little 
advanced development stages.

Antibodies and Stem Cells
Alternative COVID-19 treatments have included the 

convalescent plasma (C.P.) transfusion from recently 
cured donors containing neutralizing antibodies23, and the 
mesenchymal stem cells (CTMs) transplantation49. C.P. 
therapy was considered efficient in severe COVID-19 cases, 
contributing to the viremia disappearance in 7 days after the 
transfusion. An increase in the lymphocyte number and a 
reduction in C-reactive protein was seen within days, and the 
lung injuries were absorbed within 7 days23. C.P. therapy also 
helped stabilize body temperature and remove mechanical 
ventilators, which happened 3 weeks after the transfusion50. In 
turn, the transplantation of MSCs had an immunomodulatory 
function, which was responsible for an improvement in 
the pulmonary functions of the patients 2 days after the 
transplant, a hospital discharge after 10 days, and a general 
clinical improvement after 14 days. The MSCs transplantation 
contributed to increased lymphocytes, decreased C-reactive 
protein, and the disappearance of immune cells secreting 
overactive cytokines50. Although a limited number of people 
have undergone both treatments, they are promising in 
combating the novel coronavirus and potential interest in 
future investigations.

Management of COVID-19
The management of COVID-19 involved control strategies 

that range from outstanding medical care and personal 
hygiene to the social isolation measures. Furthermore, the 
clinical case determination and the disease importation 
control, either between countries or between regions of the 
same country, have been necessary measures for the effective 
control of COVID-19 (Figure 8). Although these strategies 
have been prioritized differently from February to June 2020, 

Figure 6. Main treatment and prevention approaches identified in 
research on COVID-19.

Medicines
Several antiviral drugs have been investigated (Figure 

7). Lopinavir-ritonavir was used to treat HIV (human 
immunodeficiency virus) and was used to treat COVID-19 
since it had previous results in vitro and clinical studies 
against SARS-CoV. It was prescribed twice a day for 14 days 
to infected adult patients, and the results were compared to 
the standard COVID-19 treatment. There was no improvement 
in patients who used lopinavir-ritonavir40. However, the first 
case of COVID-19 in Korea was treated with lopinavir-ritonavir, 
which significantly reduced the viral β- coronavirus loads8.

Nucleotide inhibitors such as Anti-HCV used to fight 
hepatitis C by inhibiting RNA polymerase41, and inhibitors 
of the Renin-Angiotensin-Aldosterone System (RAAS), 
considered vasoactive peptides42 were also investigated. 
Examples of anti-polymerase drugs with positive results for 
the COVID-19 treatment were sofosbuvir, IDX-184, ribavirin, 
and Remdesivir41,43. The RAAS inhibitors have been indicated in 
severe clinical cases, especially in patients with comorbidities 
related to heart disease. However, the real activity of these 
inhibitors in combating COVID-19 has been researched. 
The angiotensin-converting enzyme 2 (ACE2) is considered 
responsible for coronavirus infection since it functions as a 
receptor. Studies suggested that RAAS inhibition favors ACE2 
overexpression, causing viral activity to increase42. Therefore, 
further studies involving RAAS inhibitors must be carried out 
to verify their real benefits against COVID- 19.

Other essential drugs investigated were chloroquine and 
hydroxychloroquine, which have generated much discussion 
in the scientific community, although about 20 clinical 
studies have been carried out in several Chinese hospitals 
with different coronaviruses SARS-CoV and SAR- CoV-2. 
These drugs have been used effectively to combat malaria, 
Q fever, and Whipple's disease, and in a recent study, the 
chloroquine helped reduce pneumonia, duration of symptoms, 
and viral shedding of COVID-19, without causing severe side 
effects44. Investigations of drugs such as methylprednisolone, 
moxifloxacin, interferon alfa-2b physicochemical inhalation, 
meropenem17,45, Kaletra, corticoids16, Arbidol and IFN-α46, and 
the COVID-19 therapies16 have also been reported.

Vaccines
According to WHO, it will take at least 18 months for 

a vaccine against the novel coronavirus to be completed, 

Figure 7. Scientific trajectory on COVID-19 treatment in terms 
of medicines.
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they have all been equally important in reducing the number 
of cases or stabilizing the COVID-19 and overcoming it in the 
coming months.

In the Intensive Care Unit (ICU)
The care for patients admitted to the ICU has involved 

adopting special medical measures and protocols, which could 
ensure health professionals' safety and patients' well-being. 
The main procedures included the infection control (risks of 
SARS-CoV-2 transmission), laboratory tests, supportive care 
(continuous renal replacement - CRRT, invasive mechanical 
ventilation32, extracorporeal membrane oxygenation - ECMO47, 
hemodynamic support3), and COVID-19 therapy3. Some 
procedures were considered specific and necessary in patients 
with COVID-19, such as emergency tracheal intubation, 
predicted or unexpected difficult tracheal intubation, cardiac 
arrest, anesthetic care, and tracheal extubating51 (Figure 9A). 
Although ventilatory support was mostly reported in April 
2020 in 56% of the most cited papers, all measures related to 
care in the ICU were used equally in May 2020, possibly due to 
the disease's peak in many countries in this period.

Social Isolation
Social isolation was a measure used to contain viruses 

such as SARS and COVID-19, by reducing the disease peak and 
flattening the curve over time, to ensure sufficient time for the 
government to implement public health care measures52. The 
main social isolation measures included the closure of schools 
and workplaces non-essential (non-food and non-health) 
and people's reduced movement on the streets52. Countries 
that took a long time to implement quarantine measures 
suffered the consequences of the accelerated increase in 
cases of COVID-1953. Although COVID- 19 and SARS differ 
in terms of transmissibility, infectious period, and disease 
spread, measures taken to control SARS have helped to 
control COVID-19, such as syndromic surveillance, immediate 
isolation of infected patients, and strict application of vertical 
quarantine (lockdown)4. Mathematical models considering 
social isolation and contact tracing could predict the positive 
impacts on the new COVID-19 cases, thus contributing to 
the outbreak control10. The early relaxation of social isolation 
compromised COVID-19 control. Therefore, it is necessary 
to have a strict contact control between people and a policy 
willing to implement social distance measures until the 
disease stabilizes and decreases52.

Prevention and Control Procedures
Other COVID-19 prevention and control measures 

included personal hygiene care such as handwashing after 
direct contact with infected people or with the environment, 

the distancing of wild and farm animals6, the use of alcohol 
70%, and masks in public places. Cancer and dental medicine 
patients must be treated using particular protocols to reduce 
the contamination risk54. Access to information is crucial for 
the correct and conscious procedure implementations to 
combat the novel coronavirus.

Clinical tests
The COVID-19 diagnoses were carried out by direct 

and indirect assays, from the determining nucleic acids, 
immunohistochemical stains, and image tests involving 
18F-FDG PET/CT (Figure. 9B). The clinical test based on 
viral nucleic acid was the primary technique reported13,28,55. 
Immunohistochemical stains are still under development28, 
and the 18F-FDG PET/CT test was able to identify the presence 
of COVID-19 in tested positive patients. The 18F-FDG PET/CT 
teste consists of a hybrid technique between positron emission 
tomography (PET) and conventional computed tomography 
(C.T.), using the 18F-Fluordeoxiglicose (FDG), a glucose analog, 
as a tracer. This technique allows for obtaining metabolic and 
anatomical information. Tomography images helped identify 
ground-glass peripheral opacities, pulmonary consolidations 
in lung lobes, and lung lesions with lymph node involvement in 
patients with COVID-1956.

Importation
A critical study on vulnerability to COVID-19 in developing 

countries, especially in Africa, was carried out. The COVID-19 
importation was related to the recipient country's ability to 
respond to the outbreak. Countries such as Egypt, Algeria, and 
South Africa presented a higher importation risk of the novel 
coronavirus, but a high capacity to control the disease. Countries 
such as Ethiopia, Nigeria, Sudan, Angola, Ghana, Tanzania, and 
Kenya with moderate risk showed high vulnerability to control 
the outbreak. The same was verified for the provinces of 
Guangdong, Fujian, and Beijing city57. This study can be used 
to reference countries with limited preparedness to deal with 
COVID-19, suggesting the adoption of intensified surveillance 
and resource allocation. Non-African countries can also use 
these measures.

Conclusions
It was possible to establish the development level of 

scientific research on SARS-CoV-2, summarizing the major 
studies carried out in the first half of 2020, and highlighting the 
scientific community's main discussions on the disease, treat-
ment/prevention, and management of COVID-19. This compi-
lation study can help future research by identifying knowledge 
gaps in coronavirus and its disease. Furthermore, the infor-
mation contained herein may be used in studies on new drugs 
capable of combating this viral infection, developing vaccines 
in a shorter period, and on measures to control new COVID-19 
cases. This study also helps to understand the disease beha-
vior and proposing solutions for the resumption of economic 
and social activities by affected countries based on scientific 
knowledge. All the experience gained with COVID-19 should be 
used to anticipate future scenarios and establish more effec-
tive control procedures to reduce new pandemics' probability 
in the coming years.
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La Fragata Portuguesa o Aguamala (Physalia physalis): Importancia en la 
salud pública
The Portuguese man-of-war or bluebottle (Physalia physalis): Public health importance

Joxmer Scott-Frías1,  Esmeralda Mujica de Jorquera2

Características de la Fragata Portuguesa
La Fragata Portuguesa es un animal relacionado con las 

medusas (aguamalas), anémonas y corales, todos estos orga-
nismos forman parte de los Cnidarios, un grupo primitivo de 
seres vivos que se asocian principalmente a los fondos mari-
nos1. El nombre científico de la Fragata Portuguesa es Physalia 
physalis (Linnaeus, 1758), que se lee (= Fisalia fisalis), así to-
dos podemos reconocerla en cualquier idioma del mundo; pues 
los nombres comunes pueden variar entre región y país. Por 
esto también es conocida como Carabela Portuguesa, Barquito 
Portugués, Hombre de Guerra Portugués, Botella Azul, Agua-
mala o Falsa Medusa debido a su forma de “barco a velas”, 
coloración o relación con las medusas. Sin embargo, el tér-
mino Medusa Azul genera confusión y es inadecuado, porque 
Physalia no pertenece al grupo de las medusas verdaderas 
(clase Scyphozoa)2,3. La diferencia se encuentra en que Phy-
salia forma parte de un grupo de organismos llamados Sifo-
nóforos (pertenecientes a la clase Hydrozoa), en el que varios 
individuos conforman una colonia donde cada uno desempeña 
funciones diferentes como flotar, alimentarse, defenderse o 
reproducirse. En cambio el cuerpo de las medusas verdade-
ras corresponde a un único individuo con todas las funciones 
presentes en dicho ejemplar. Podemos comparar los sifonó-
foros con una colonia de hormigas en donde encontramos 
juntas cooperando a la reina, soldados y obreras, cada una 
con funciones únicas que mantienen la actividad de la colonia 
entera. Sin embargo, en Physalia todos estos individuos están 
unidos, conformando al ejemplar que consiste principalmente 
de un flotador; que es una vejiga membranosa llena de gas y 

con forma de vela. Esta estructura también es la encargada 
del desplazamiento del animal que es impulsado por el viento, 
mientras que desde el cuerpo central se extienden numerosos 
tentáculos de color azul intenso (Fig. 1).

Importancia en el ambiente
Al igual como ocurre en las medusas, los sifonóforos 

como Physalia se comportan como depredadores, cumpliendo 
con el importante papel de contribuir en la ecología y equilibrio 
de los mares. Entre estas funciones se encuentra el reciclaje 
de nutriente, indispensable para el sustento del ecosistema 
marino4. Las medusas y los sifonóforos controlan las poblacio-
nes de los pequeños animales que forman parte del plancton 
(o zooplancton), así como a los pequeños peces y sus larvas 
que capturan con los tentáculos. Es por esto que también se 
han evaluado sus efectos no deseados sobre las pesquerías 
comerciales5. Por otro lado, Physalia además es presa de otras 
especies con importancia ecológica, como peces, tortugas y 
babosas marinas como el Dragón Azul (Glaucus atlanticus 
Forster, 1777).

Distribución geográfica
Physalia está presente en todos los mares tropicales, des-

de el Atlántico, Indico hasta el Pacífico. Es una especie princi-
palmente oceánica, pero llega a las costas por acción del vien-
to que las arrastra hasta la orilla. Es por esto que podemos 
encontrarla en las playas del mar Caribe en ciertas épocas del 
año. En el caso particular de las costas de Venezuela, su pre-
sencia se registra con mayor frecuencia entre los meses de 

NEWS AND VIEWS
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enero y mayo, momento en el que su alimento es más abun-
dante y los vientos alisios del noreste soplan con mayor inten-
sidad hacia la costa. Aunque los avistamientos de la especie 
pueden ser esporádicos y erráticos. Es por esto último que no 
se puede predecir cuándo o dónde ocurrirán los arribazones de 
Physalia, ni la escala o magnitud del número de ejemplares 
que llegarán a la costa. En países con costa atlántica como 
Brasil, Cuba, Francia y México, los arribazones de Physalia se 
han vuelto más comunes en los últimos años4,6,7. Adicional-
mente estos eventos coinciden con los periodos vacacionales, 
aumentando así los accidentes con la especie.

Un evento reciente en Venezuela
Durante los días 7 y 8 de marzo de 2020, se observó la 

presencia de varios ejemplares de Physalia. Esto ocurrió en 
aguas frente a la ensenada de Patanemo y Yapazcua (estado 
Carabobo, mar Caribe venezolano: 10º27’19’’ N, 67º55’26’’ W 
y 10º28’19’’ N, 67º53’57’’ W respectivamente). Miembros de 
la organización ambiental Cachiri, llevaron algunos ejempla-
res hasta la costa y alertaron a través de las redes sociales la 
presencia de estos animales, así como los riesgos potenciales 
que representan. Por otro lado, ejemplares flotando frente a 
Patanemo, fueron avistados y confirmados por la Instructora 

de Buceo Iris Santana, Directora del centro de buceo La Tien-
da de Buceo. En los días posteriores (12 de marzo) se reportó 
la evacuación temporal de Playa Grande en Choroní8(estado 
Aragua, Venezuela: 10º30’28’’ N, 67º35’51’’ W), ubicada a más 
de 30 Km al este de los primeros avistamientos y que se en-
cuentra entre las playas más visitada del Litoral Central vene-
zolano (Fig. 2). Aunque fue llamativa la cantidad de ejemplares 
observados, no se reportaron personas afectadas durante todo 
el evento. Dada la poca frecuencia de este tipo de fenómenos, 
así como la conducción de la información ofrecida por parte 
de los medios y redes sociales, hemos tenido la intención de 
brindar información adecuada que permita conocer más sobre 
estos animales, su importancia en la salud pública, así como 
las medidas que se deben considerar al detectar su presencia.

Eventos como el descrito anteriormente, aunque ocurren 
de forma esporádica, han sido documentados previamente en 
Venezuela. Por ejemplo, durante el periodo comprendido en-
tre diciembre de 2006 y 2007, se trataron 59 pacientes con 
lesiones producidas por Physalia en la costa de Adicora (es-
tado Falcón, mar Caribe)9. Sin embargo, únicamente los casos 
más representativos alcanzan la luz pública, lo que dificulta 
una evaluación efectiva de la frecuencia y magnitud de estos 
eventos.

Figura 1. Fragata Portuguesa (Physalia physalis) junto a dos Peces Pastorcillos (Nomeus gronovii (Gmelin, 1789)), comensal/
depredador de Physalia. Fotografía tomada en abril 30, 2016, Chichiriviche de la Costa (estado La Guaira, Caribe venezolano: 
10º33’08’’ N, 67º14’19’’ W). Fotógrafo © Joxmer Scott-Frías.
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Lesiones o “picaduras” de los Cnidarios
Como todos los Cnidarios, tanto corales, anémonas, me-

dusas y Physalia capturan su alimento usando los tentácu-
los. Estos cuentan con células urticantes diminutas en forma 
de cápsulas llamadas cnidocidos. Estás células al entrar en 
contacto con su presa o una persona desprevenida, pueden 
inyectar un veneno por medio de los nematocistos, que son 
proyecciones similares a agujas microscópicas7. Las dosis y 
componentes del veneno varían entre las especies de Cnida-
rios y a su vez sus efectos en las personas dependerán de la 
edad, contextura física, grado de la lesión, área afectada y el 
desarrollo de alergias. En por esto que las lesiones y su mag-
nitud no necesariamente serán similares entre diferentes per-
sonas. Mientras que otras especies de medusas y sifonóforos 
presentes en la región del Caribe, se sabe que la intensidad y 
gravedad de estas lesiones son menores, Physalia representa 
la principal especie de Cnidario con riesgos a la salud públi-
ca en la región. Esto se debe a que su picadura es dolorosa 
y los efectos del veneno pueden ocasionar complicaciones en 
la salud del afectado. En algunos casos documentados, estos 
accidentes han ocasionado la muerte de la persona6. Es por 
esto que la Organización Mundial de la Salud (OMS) incluyó 
a Physalia en el listado de “especies peligrosas” para la sa-
lud humana dentro de las Guías para Ambientes Seguros en 
Aguas Recreacionales10.

Por otro lado, un aspecto interesante referente a las toxi-
nas de los Cnidarios, es su aplicación en el área de la salud. En 
donde se han desarrollado diferentes tratamientos a partir de 
la purificación de estas sustancias en laboratorios, con el pro-
pósito de salvar vidas. Estos procedimientos médicos han sido 
empleados como alternativas para el tratamiento de enferme-
dades virales como el SIDA, trastornos cardiacos y terapias 
contra el cáncer11,12. Motivo adicional para reconocer y apreciar 
el valor específico de estos animales.

Protocolo ante el avistamiento de ejemplares en las 
playas

Se recomienda conservar una distancia prudencial del 
animal y notificar de inmediato a las autoridades del lugar. El 

flotador, también llamado neumatóforo es inerte, por lo que 
no cuenta con las células urticantes. Un funcionario o personal 
capacitado, puede retirarla del agua de forma segura, tomán-
dola por el flotador con cuidado y extendiendo el brazo lo más 
lejano del cuerpo. Este procedimiento no debe ser realizado 
por los bañistas debido a los riesgos y medidas que deben ser 
consideradas. Se debe tener especial cuidado con los tentácu-
los de Physalia, que en algunos ejemplares pueden alcanzar 
10 metros de largo, no son visibles debajo del agua y pueden 
estar fragmentados en el mar. Por esto, a pesar de ser retirado 
el animal pueden quedar restos de tentáculos en el agua. Así 
mismo se debe evitar el uso de redes o mallas para su captura, 
que puedan causar la fragmentación de los tentáculos.

Hay que estar atentos porque si se observa un ejemplar, 
existe la posibilidad que otros también hayan sido arrastrados 
hasta la playa por los vientos. Una recomendación que se debe 
adoptar en los balnearios públicos, es si la cantidad de ani-
males supera los 5 ejemplares por cada 100 metros de playa, 
lo más prudente para resguardar la salud de las personas es 
comunicarse con las autoridades de la localidad para que se 
encarguen de cerrar temporalmente el balneario hasta que fi-
nalice el arribazón. Esta medida debe ser acatada con respon-
sabilidad por el bien de la salud pública. Además, las obser-
vaciones realizadas en otras especies de Cnidarios pelágicos 
indican que en la mayoría de los casos la duración de estos 
eventos es breve y ocurren de forma puntual, afectado sólo 
una extensión específica de la región o provincia13,14.

Procedimientos en caso de picadura (Primeros auxilios)
La primera recomendación es mantener la calma y ante 

todo NO tocar, rascar o restregar la lesión. Luego usando pin-
zas de cejas o con los dedos protegidos por guantes o bolsa 
plástica, se debe retirar los tentáculos y el resto del material 
azul que se encuentre sobre la piel y el traje de baño. Es muy 
importante hacer esto antes de lavar la lesión.

Para lavar la lesión se recomienda hacerlo con abundante 
agua de mar. El agua de mar se debe tomar en un recipiente aleja-
do de la zona en donde ocurrió el accidente con Physalia, para ga-
rantizar que no contenga restos fragmentados de los tentáculos.

Figura 2. Ubicación espacial de las localidades en donde se reportaron avistamientos de Physalia entre los días 7 y 12 de marzo 
de 2020. Litoral Central, mar Caribe venezolano: (1) Ensenada de Patanemo y (2) Yapazcua (estado Carabobo). (3) Playa Grande 
en Choroní (estado Aragua).
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Si se cuenta con vinagre de cocina sin diluir (concentra-
ción: 3-5%), también se puede usar para limpiar la lesión. Aun-
que esta medida es recomendada, no es obligatoria. Lo más 
importante es que luego de aplicar estos primeros auxilios, la 
persona sea trasladada inmediatamente al centro de atención 
sanitaria más cercano. Es necesario realizar esto porque aun-
que la lesión parezca leve en un principio, con el paso del tiem-
po pueden presentarse complicaciones en la salud.

Medidas que no se deben implementar
Todas las medidas mencionadas a continuación están 

contraindicadas porque podrían causar que empeore la lesión: 
(1) No se debe limpiar la lesión con agua dulce, orina, licor ni 
algún otro líquido. Las variaciones en las condiciones que ro-
dean las células urticantes (cnidocitos), como cambios en la 
presión osmótica, pueden ocasionar la activación de un mayor 
número de células e incrementar la lesión. (2) No aplicar hielo, 
arena o cremas corporales. (3) Nunca se debe secar ni frotar 
el área afectada con prendas de tela como toallas. (4) Evitar la 
exposición al sol de la lesión.

Indicaciones para el personal médico
Estas indicaciones están dirigidas al personal de la me-

dicina. Reiteramos que en caso de sufrir algún accidente con 
Physalia u otra lesión de seriedad causada por fauna marina, 
la persona debe ser trasladada al centro de atención sanitaria 
más cercano en donde será atendido por un profesional en el 
área. Bajo ninguna circunstancia deberá automedicarse o res-
tar importancia por presentar sintomatología leve, porque es 
posible desarrollar complicaciones post-lesión.

Haddad et al.15 estudiaron la etiología de las lesiones cu-
táneas producidas por Cnidarios en la costa de Brasil. En este 
trabajo muestran el aspecto característico de las lesiones por 
Physalia, que son visibles como largas marcas lineales entre-
cruzadas, lo que permite reconocerlas y diferenciarlas de las 
lesiones que causan otras especies15. A partir de la extensión 
del área afectada es posible también evaluar la severidad de 
la lesión.

Para el pretratamiento por el personal médico, se deben 
revisar las soluciones sugeridas en Wilcox et al.16, específica-
mente aquellas que producen porcentajes de descargas de 
cnidocitos menores a 0,6% (ver Tabla 2, en Wilcox et al.16). En-
tre estas soluciones de uso tópico se encuentran el agua de 
mar, vinagre blanco (3-5%), gluconato de cobre (30 mM en 110 
mM de solución salina), la lidocaína (4%) y el spray comercial 
Sting No More ®.

Otro tratamiento aplicado para aliviar el dolor, con buenos 
resultados aparentes, consiste en la inmersión del área afec-
tada en agua caliente a 45 ºC durante 20 minutos17. Primero 
es necesario asegurarse haber realizado los primeros auxilios 
antes descritos. Además, se debe verificar previamente que el 
nivel de calor es tolerable, esto lo tiene que realizar el personal 
médico ya que la víctima puede tener alterada la sensibilidad 
al dolor.

El tratamiento dependerá del criterio médico basado en el 
manejo sintomático. Se recomienda que los centros asisten-
ciales cercanos a las zonas costeras cuenten con antihistamí-
nicos, corticoesteroides, antipiréticos y AINES. Cazorla-Perfe-
tti et al.9 indican que todos los pacientes presentaron dolores 
intensos, urticaria y trastornos sistémicos (disnea, fiebre, ma-
lestar general, taquicardia). El tratamiento de los síntomas 
descritos por estos autores, según la evaluación del paciente, 
incluyó loratadina (administrado por vía oral, 3-10 mg/día por 
10 días), hidrocortizona (vía intravenosa, un vial de 500 mg; 5 

mg/kg en niños), y acetaminofén para el dolor y la inflama-
ción (tabletas de 500 mg y suspensión para niños de 15 mg/kg; 
cada 6 horas por 3 días). Insistimos en advertir que estos tra-
tamientos, deben ser aplicados únicamente bajo la supervisión 
de un profesional de la medicina.

Conclusiones
La Fragata Portuguesa (Physalia physalis) constituye un 

organismo de interés tanto por su importancia ecológica, los 
aportes potenciales en la investigación médica y sus efectos 
en la salud pública. Esto último debido a los riesgos que repre-
sentan para los humanos por el incremento en la frecuencia de 
los arribazones observados en el Atlántico. El arrastre por los 
vientos de esta especie oceánica a las playas, la coincidencia 
de estos eventos durante los periodos vacacionales, las consi-
derables lesiones que pueden causar, así como el hecho que 
los accidentes con esta especie pueden ser motivo de consul-
ta médica, hace necesario que Physalia sea conocida por los 
profesionales de la medicina y autoridades. Tantos aquellos 
que trabajan en centros asistenciales, guardaparques, salva-
vidas, policías y bomberos que ejercen acciones sanitarias y 
de resguardo en toda la zona costera. Los futuros estudios de-
sarrollados en el Caribe, que permitan evaluar los patrones y 
factores que rigen la biología de la especie, serán de utilidad 
para estimar la frecuencia y magnitud de los arribazones de 
Physalia, así como reducir sus efectos perjudiciales.

Recomendaciones
Entre las labores necesarias para la capacitación de las 

personas, se encuentra el desarrollo de programas educativos 
que permita a los niños reconocer a Physalia, así como los rie-
gos que representa a la salud, porque estos pueden confundir 
el animal con algo inofensivo e intenten manipularlo. Por otro 
lado, se debe invertir en la información y capacitación del per-
sonal de atención primaria sobre la manipulación de la espe-
cie, así como la aplicación de los primeros auxilios. Las lesio-
nes de Physalia pueden presentar complicaciones sistémicas 
potencialmente mortales, por esto se debe desarrollar progra-
mas de vigilancia epidemiológica, especialmente en visitantes 
y viajeros de las zonas costeras.
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Introduction
RNA exosome is a multiprotein RNase involved in the mo-

dification of all RNAs in the cell; its primary function includes 
exonucleolytic and endonucleolytic cleavage of pre-ribosomal 
RNA (pre-rRNA), messenger RNA (mRNA), small nuclear RNA 
(snRNA), and small nucleolar RNA (snoRNA)1. Other RNA exo-
some substrates were described and included a significant 
group of long noncoding RNAs (lncRNAs): cryptic unstable 
transcripts (CUT) in yeast and upstream promoter transcripts 
(PROMPT) in humans, prematurely terminated RNA (ptRNA), 
enhancer RNA (eRNA) and long intergenic RNA (lincRNA)2 

(Figure 1). Highly conserved throughout evolution, exosome 
complex can be found in several species such as Archaea, Sa-
ccharomyces cerevisiae, Drosophila melanogaster, Arabidopsis 
thaliana, Mus musculus, and humans, to mention some. In Sac-
charomyces cerevisiae, the exosome is present in both nucleus 
and cytoplasm, fulfilling different functions depending on its 
substrates.  Two structures compose the exosome core: a ba-
rrel-like with six different subunits, each containing an inactive 
RNase PH domain (Rrp41, Rrp42, Rrp43, Rrp45, Rrp46, Mtr3); 
and a cap, capping this barrel with three RNA binding subunits 
(Rrp4, Rrp40, Csl4). The catalytic subunits bind to opposite si-
des of the core: Rrp44 with endo- and exonucleolytic activities 
is present in both nuclear and cytoplasmic exosome3-5; Rrp6 
with a 3'-5' exonucleolytic activity present only in the nuclear 
exosome6 (Figure 2).

The nuclear exosome7,8 processes degradation of inco-
rrectly processed RNAs and maturation of ribosomal RNAs, 
small nuclear RNAs and small nucleolar RNAs. Furthermore, 
cytoplasmic exosome plays a vital role in regulating mRNA 
biogenesis's gene expression by mRNA degradation9,10.

Nuclear transport of exosome
Nuclear transport is primarily mediated by specific in-

teractions between a karyopherin, a protein transporter, and 
signal sequences (NLS; Nuclear Localization Signal) present in 
the cargo proteins11,12 (Figure 3). In Saccharomyces cerevisiae, 
there is one karyopherin: Srp1. Besides, there are 14 karyophe-
rins β: ten of which are involved in transport to the nucleus 
(importins - Kap95, Kap104, Sxm1/Kap108, Mtr10, Kap114, 

Nmd5, Kap120/Lph2, Pse1/Kap121, Kap122, Kap123), three 
are involved in transport to the cytoplasm (exportins - Cse1, 
Crm1/Xpo1, Los1), and one karyopherin is involved in transport 
in both directions, Msn513. Interaction of karyopherins Srp1 and 
Kap95 with Rrp6 were observed initially in protein purification 
experiments14-17 and co-immunoprecipitation experiments 
using Rrp6 as bait showing a surprising number of karyophe-
rins: Kap95, Srp1, Kap114, Kap123, Sxm1, and Cse118.

Presence of NLSs in exosome subunits
In-silico and experimental analysis showed three subunits 

containing NLSs in their sequence: Rrp6, Rrp43, and Rrp44. 
Subunit Rrp43 contains a potential NLS between the residues 
203 and 213: 203LKMKRKWSYVL213 identified using the sof-
tware NLS Mapper and NLStradamus19,20. No experiments are 
available to test if this motif could serve as a nuclear localiza-
tion signal.

Subunit Rrp6 showed the presence of a three different 
NLSs in its sequence

NLS1 sequence 104NSKSRGSDLQYLGEFSGKNFSPTKRVE-
KP132  identified by NLS Mapper and NLStradamus19,20. NLS2: 
153KEKPNALKPLSESLRLVDDDENNPSHYPHPY183, contains a 
multipartite proline–tyrosine nuclear localization signal ca-
lled PY-NLS with a C- terminal R/H/K-X2–5-P-Y motif within a 
positively charged region of approximately 30 amino acids18,21. 
They could be recognized by importins Kap104, Sxm1/Kap108, 
Kap121, Kap114, Nmd5/Kap119, and Kap9522-24.

NLS3: 697RQQKKRRFDPSSSDSNGPRAAKKRRPA723, a 
classical NLS at the C-terminal region of Rrp6 that could be 
recognized by importin α Srp125. It was observed that lack of 
any of the mentioned NLSs in the Rrp6 sequence lead to a par-
tial mislocalization in the cell18.

Subunit Rrp44 showed to possess three NLSs
NLS1: 172RAIRKTCQWYSEHLKPY188, similar to Rrp6-NLS2 

with a nuclear localization signal PY-NLS, NLS1 is located PinC 
domain of Rrp4426.

NLS2 is located in the cold shock domain 2 CSD226 be-
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Figure 1. RNA quality control by the exosome for aberrant mRNA, tRNA, rRNA, and other noncoding RNA (ncRNA) species in 
every cell compartment. Arrows indicate the localization of active nucleases Rrp6 and Rrp44. TRAMP (complex consists of 
helicase Mtr4, polyA polymerase Trf4 or Trf5, and RNA-binding proteins Air1 or Air2), TUTases (terminal RNA uridylyltransfe-
rases). CUTs (Cryptic unstable transcripts), upstream promoter transcripts (PROMPTs), and upstream noncoding transcripts 
(UNTs). ARE (AU-rich instability element). Aberrant mRNAs with translation defects: NMD (Nonsense-mediated decay), NSD 
(non-stop decay), and NGD (no-go decay).

Figure 2. Exosome structure in yeast. A. Cap and barrel-like structures of exosome in purple and blue, respectively. Associated 
nucleases are in red (Rrp44) and orange (Rrp6). B. RNA-free form of the exosome. C. RNA going through the exosome channel 
to be processed.revistabionatura.com/2020.05.04.25.html 
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tween the residues 370 and  401  of  Rrp44  370RRLLAKDA-
MIAQRSKKIQPTAKVVYIQRRSWR401 and contains the consen-
sus NLS R/K-X2-L-XnV/Y-X2-V/I-X-K/R-X3-K/R that can be 
recognized by the importins Kap114, Kap95, Kap123, Pse1, 
and Kap10427.

NLS3 is located at the C-terminus of Rrp44: 988DPITSKR-
KAELLLK1001. This NLS is similar to the NLS in Drosophila Rrp44 
(dDis3), which is recognized by importin-328,29. From the three 
NLSs presents in Rrp44 sequence, NLS1 is the most critical 
signal for Rrp44 nuclear import. NLS1, together with either 
NLS2 or NLS3 is sufficient for Rrp44 nuclear localization18.

The presence of three nuclear localization signals in both 
Rrp6 and Rrp44 and more of one karyopherin involved in their 
nuclear transport confirm overlapping and redundancy in the 
import pathways.

Depletion of karyopherins affect the localization of 
exosome subunits

Depletion of essential karyopherin Srp1 in the cell after 14 

hours showed Rrp6 visualized in the cytoplasm, although Rrp6 
remained concentrated in the nucleus; levels of Rrp6 decrea-
sed upon inhibition of Srp1 expression, it could suggest when 
not efficiently transported to the nucleus, Rrp6 may be des-
tabilized18. Inhibition of karyopherin Kap95 expression for 14 
hours strongly affected Rrp6 localization; Rrp6 was observed 
in the cytoplasm and concentrated in the nucleus. Surprisingly, 
the deletion of the karyopherin Sxm1/Kap108 gene affected 
the localization of Rrp6 partially  Sxm1 is not essential for 
growth but Rrp6 was detected in the cytoplasm, and its mislo-
calization was more robust at 37°C. These results showed that 
Rrp6 could associate with different importins for its transport 
to the nucleus18.

Localization of Rrp44 in wild-type cells is mainly in the 
nucleus with a weak signal in the cytoplasm. The depletion of 
Srp1 or Kap95 levels in the cell leads to Rrp44 partial misloca-
lization, evidenced by a strong signal in the cytoplasm. Unlike 
Rrp6, the depletion of Sxm1 did not show any effect on Rrp44 
localization30.

Figure 3. Nuclear transport through the Nuclear Pore Complex requires the recognition and binding of NLS-containing cargo 
proteins by either the importins α/β1 heterodimer (ia) or importin β alone (ib) on the cytoplasm. Once bound (ii), the transport 
complex moves through the NPC (iii) via a series of transient interactions between importin β and nucleoporins in the NPC.

Mechanisms of Nuclear Transport in the cell: RNA exosome in Saccharomyces cerevisiae
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Conclusions
The RNA exosome is localized in the cytoplasm and the 

nucleus (specifically in the nucleolus). Although its predomi-
nantly nuclear localization, only three exosome subunits con-
tain NLSs in their sequence, and from these three, two have 
shown to be transported by karyopherins: Rrp6 and Rrp44. It 
is already known that Srp1 and Kap95 are the karyopherins 
involved in the nuclear transport of Rrp44 and Rrp6, with the 
extra help of karyopherin Sxm1 for Rrp6 transport. However, 
it is uncertain how the rest of the subunits are transported 
to the nucleus or transported independently or as a complex. 
Only further studies will help to elucidate these questions and 
better understand the transport mechanisms of this complex.
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Introduction
Islands developed as isolated ecosystems resulted in 

species evolution with restricted native competence and the 
inability to compete with predators. Then the presence of fo-
reign species directly treats island biodiversity worldwide. The 
introduction of mammals, specifically the presence of invasi-
ve rodents, is among the most problematic species in islands1 

by being responsible for changes in the ecosystem and many 
extinctions to date2. There are records of invasive rodents on 
80% of the significant islands globally, and how it is still un-
ceasingly introduced3 that worries conservationists. Rodents 
represent more than a problem for the conservation of biodi-
versity; they are a threat to humans' health with whom over-
lap its habitat by being an imminent disease vector4.  The rats' 
ease of adaptation, lifespan, and rapid spread, complemented 
by the warm, favorable climate of the islands, have made rats 
a tricky pest to deal with5.

The need to recover species and restore island conserva-
tion has driven the development of eradication techniques as 
one of the most cost-effective tools6, even though in large is-
lands, this is often impossible7. Eradication of invasive species 
is based on (i) all target animals (rodents) are put at risk by the 
eradication technique(s), (ii) target animals must be removed 
at a rate exceeding their rate of increase at all densities, (iii) 
immigration must be zero8. However, native species are also at 
risk. So, this requires special attention. Meanwhile, the process 
must be done as fast as possible to avoid eliminating a new 
generation of invaders. Eradication is performed by delivering 
a lethal dose of rodenticide to each rodent; this bait containing 
rodenticide can be distributed either by hand-broadcast or in 
bait stations on small islands, but for larger islands, eradica-
tion by an aerial broadcast of bait is required to ensure suitable 
bait availability5,9,10. However, there is a failure rate of 16.1% of 
eradication from the overall eradication processes reported5,11. 
Mathematical models and, in particular, models applied to bio-
logy can be an essential tool to understand the dynamics of a 

phenomenon12, which allows the prediction of the impact of a 
determined process with variables pre-established that saves 
monetary, ecological investment, labor, and time.

Galapagos Islands are an exact representation of biodiver-
sity; however, it has been affected by introducing the rodents 
Rattus rattus, R. norvegicus, R. exulans, and Mus musculus13 

that arrive at the archipelago on whaling boats and pirate ships 
since the late 1600s14. Human colonies spread together with 
rats' dispersing along the island at unknown dates of arrival15. 
These introduced species caused a decrease in the population 
of endemic species principally in two ways: the first one is ea-
ting the eggs and the second by eating the other species' food. 
The Galapagos Islands have always been a key example of 
Charles Darwin's theory of evolution. Though, the species he 
detected at the time has been gradually lost. Darwin recorded 
in 1835, the first species of the black rat on the island Santiago 
and progressively new researchers recorded more rodent spe-
cies16. Black rats drove the extinction of four endemic rodents 
and a terminal decline of fauna, to mention sea- and land-bird 
populations and even the endangered status of one race of 
giant tortoise16–18. At present, there are two endemic genera of 
rats, Oryzomys and Nesoryzomys16.

In Galapagos Islands, there have been attempts to eradica-
te rodents; one of them occurred in 1988 at Pinzon Island with 
rodenticide bait dumps and hand broadcast of baits containing 
brodifacoum and coumatetralyl that were unsuccessful19,20. 
North Seymour Island was hand baited in 2007 with wax bloc-
ks containing brodifacoum and successfully eradicating black 
rats21. The first aerial broadcast of brodifacoum baits occurred 
in 2011 at Rabida and Pinzon Islands and managed to eliminate 
invasive black rats. For this procedure, it captured and held the 
Pinzon tortoises (Chelonoidis ephippium), Pinzon lava lizards 
(Microlophus duncanensis), and Galapagos hawks (Buteo gala-
pagoensis) species to mitigate the direct impact of the roden-
ticide15,22. The rodenticide bait has led to non-target animals' 
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poisoning, especially raptors whose diet is not restricted only 
to rodents23. For instance, in 2011, after the eradication plan in 
Pinzon, all captive Galapagos hawks were released, and from 
days to months later, it was found that 22 of them died by anti-
coagulant toxicosis by brodifacoum in the liver due to rodenti-
cide exposition of lava lizards, part of hawks diet13,24.

This paper aims to evaluate an alternative use of roden-
ticide with reduced secondary effects and obtain a theoreti-
cal approximation by designing a mathematical equation that 
may predict the process before being applied in situ. Simulta-
neously, suggesting the control and management of strategies 
to eradicate rats in the Galapagos Islands. All based on the 
successful plans carried out in other case studies to promo-
te the conservation of endemic species in the archipelago and 
avoid the rapid extinction of more species. Our study begins 
with an analysis of the three main strategies for eradicating 
rats, where the assumptions for our study are introduced. The 
base equation for our mathematical model is then shown and 
is followed by the model equations along with each parameter 
and estimated value to use. Then, in results and discussion, 
the best alternatives and the eradication time of rats in the Ga-
lapagos Islands are analyzed and compared. Finally, this work 
ends with the conclusions of our study and future work.

Methods 

Eradication strategies and model assumptions
We had considered three main strategies for the eradica-

tion of rats. The first strategy is poisoning, the second is killing 
by trapping, and the third one is inducing infertility.

The poisoning strategy is based on the use of rodentici-
des that had been broadly applied in rat eradication programs, 
some with success and others with some failures6. Anticoagu-
lant rodenticides are the most widely used poisoned technique. 
They inhibit the synthesis of clotting factors dependent on vi-
tamin-K in the liver, which results in internal hemorrhaging, 
leading to death typically within 3–10 days25. The rodenticides 
are designed specially to kill rats, although non-target spe-
cies could also be affected. There are some reports about the 
affection of non-target species due to rodenticides, especially 
in vertebrates6. The rate of success of rodenticide use depends 
on rats' ability to differentiate the toxins, which produce offs-
pring capable of avoiding bait stations. For our model, we as-
sume that the poisoning strategy is by using bait stations and 
that eventually, the rats will learn how to distinguish poison.

The second method analyzed is the use of traps, which are 
more acceptable within urban populations27. Trapping is recom-
mended for sensitive environments where rat populations are 
prominent, as it has the most significant capture rate. The use of 
traps needs continuous monitoring, which requires more costs, 
but at the same time, it avoids affecting the capture of non-tar-
get species and also can be used as a way of monitoring the rat 
population within an island. This is an essential parameter before 
assisting the application of any eradication methods28. The use 
of traps also induces the development of trap shyness such that 
they learn to avoid traps. For that reason, a period of pre-baiting 
to familiarize the rats with the traps is recommended29. Due to 
this, the strategy could have a small-time lag from their initia-
tion of the trap strategy and population decrease. Therefore, the 
use of traps is more recommended in places with high human 
density. In the Galapagos Islands, it is recommended in the po-
pulated islands, which are Baltra (Seymour), Floreana, Santa 
Cruz, San Cristóbal, and Isabela, and with a large population of 

rats. In our model, we assume that live traps are widely distribu-
ted in the islands and that rats will learn to avoid traps.

The third strategy consists of inducing sterility. The use of 
chemosterilants could have changed the behavior and structu-
re of the population. Induced sterilty may be temporary or per-
manent and can affect males or females30.  Depending on how 
the sterility is induced by chemosterilants or modified females' 
introduction, different outcomes could arise. In the Galapagos 
Islands, where it is not recommended to introduce any new ani-
mal, it is suggestable to induce infertility by chemosterilants 
like androgens. The sterilization strategy has higher specificity 
than traps. One of the main disadvantages of sterilization is 
the time lag between sterilization and decreased population 
size. In the present study, we applied the sterile induced in fe-
males because female rats mate several times (higher than 
90 per hour with different males)30. The sterilization method 
that we are considering is the spread of androgens that induce 
infertility in females. We are assuming that rats do not learn 
how to identify the androgen bait. Just one intervention with 
androgen is needed, and we induce sterility for the remaining 
of the rat's lifetime.

In addition to the eradication methods described above, 
we also consider joining two strategies to get a better output 
of rats' eradication in the islands. For this purpose, we consider 
the case of applying poisoning and sterilization strategy. The 
assumptions will be the same as the eradication methods. The 
other assumptions for this method are applied at the same 
time. So, the same rate of rats dying from poison could be in-
fertile or fertile.

Application of the Logistic equation
Rat populations grow in an essentially logistic pattern un-

til the limit of the habitat's carrying capacity is approached30. 
It means that rat populations tend to increase exponentially, 
but they lower their increasing rate when the carrying capacity 
is reached.  We had constructed our equations modeling the 
different eradication methods based on the logistic equation 
[1], where r is the rate of population increase. N is the number 
of individuals in the population. K is the carrying capacity31. We 
are assuming no time lags, no migration among islands or with 
the continent, and no influence of genetic variation. 

To evaluate the best method to control rats, we varied the 
parameter "r" that regulates the increased population rate. For 
each method, we are calculating "r" that will result from the 
strategy applied. We consider that each eradication method 
has a different r. The calculation of r depends on the rate of 
births and deaths to the population. All the calculations and 
rates presented were defined by months.

Four factors will influence the rate of births. The first fac-
tor is the proportion of adults in the population (γ). In the model 
presented, we consider as an adult the population capable of 
producing offspring. The second factor is the average offspring 
that a rat produces per month (α). The third parameter is the 
female proportion within the population because they are the 
ones that produce offspring, so they are the ones that produce 
an increase in the population (β). For this parameter, the value 
of 0.5 is assumed, which means equal proportions. This is due 
to various reports showing there was an equal distribution of 
gender within the rats. The last factor is the fertility rate of 
females (δ), which is directly correlated with the proportion of 
pregnant female rats.
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The rate of deaths is the sum of the rate of rats that die 
naturally (ω) and rats that die due to the eradication method. In 
our case, just the first method of eradication, the use of poison, 
we consider the rate of natural deaths and rats' rate died by 
poison. This last rate is calculated, considering that rats learn 
how to distinguish the poison. The equation developed by Gen-
try in 1971 describes this rate [2], where ϕ is the rate of rats 
dying by poison A1, is the fraction of rats that will be poisoned 
if the rats will not realize that they are being poisoned, Q is the 
fraction of rats that do not learn to distinguish poison, and A2 
describes how fast the rats learn how to distinguish poison32. 

Results and Discussion
To find the best strategy to eradicate rats, we must first 

solve each of the differential equations presented in [3],[4], 
and [5]. The results obtained considering the previous varia-
bles and restrictions presented by the model are presented in 
Fig. 1. We discover that the strategy that produces a more sig-
nificant reduction is by poison with -0.20, the second is induced 
infertility with -0.12, and the trapping method with -0.11.  It can 
be seen that the strategy of spreading poison is the one that 
makes our logistic equation tend to 0 more quickly.

The primary data found for the poison methodology to be 
most significant is the value of the intrinsic growth rate, which 
will influence rats' data that learn about the detection of the 
poison or the trap it is pretending to use. Besides, this data is hi-
ghly influenced if we contrast it with the logistic equation's so-
lution [4] since they are strictly within an exponential. So it will 
be what predominates for the behavior at zero that is expected 
for eradication. On the other hand, the infertility strategy has 
a supervised factor since the population of infertile rats must 
be better controlled with the rat eradication process. If we con-
trast it with equation [3], we observe that the variable induced 
infertility ratio is the independent variable with more weight to 
give a better growth rate. The poison propagation strategy is 
one of the most common to be used according to the reviewed 
literature, which suggests that it is the most effective strategy 
in the different places that have been applied. 

As we can see in Fig. 1, even though poisoning is the best 
strategy, it does not result in the ideal time to reduce rats' 
population because if there is a long enough time lag, there 
could be a resurgence of rats. There have been reports that 
approximately after 2 years, there is a relapse of rat infesta-
tions and the percentage of rat incidence increase along the 
time40.  However, when we used two techniques, it had a better 
result in eradicating rats, as shown in Fig. 3. The mixed stra-
tegy of poisoning and sterility the ones with highest values we 
got an r of -0.52 and got an eradication before two years, which 
ultimately is the aim. 

With the results obtained, it is possible to consider the 
predicted times for the eradication of rats in each of the is-
lands belonging to the Galapagos Archipelago that have the 
presence of rats as in Fig. 2, representing a population of rats N 
= 1 for each one of them and time in months. Therefore, in the 
solution of the logistic regression equation [6], we will be able 
to obtain the different times (t) according to the area in square 
kilometers (km2) in which rats are exterminated applying the 
poison strategy. The results are presented in Table 2.

As we can see, the larger the island area, the longer it will 
take to eradicate rats, having a direct relationship between the 
area of ​​the island and time. Still, the time of poisoning with 
rodenticide, despite being found as the most effective, takes 
a prolonged time, but this time is reduced notably if comple-
mented with the other strategies. This fact is essential when 
avoiding new births since the generation time of rats is short.

Conclusions
The best strategy to recover biodiversity after the ecosys-

tem has been affected by alien species' introduction is its era-
dication. The most viable and effective way found is the use 
of rodenticides and their dispersion through bait stations. The 
most widely used rodenticide is an anticoagulant of second-ge-
neration brodifacoum. The eradication time is dependent on 
the area of ​​the island and its rodent population density. By 

The second method of eradication is very similar to the 
first method because here, we also had rats that learn to avoid 
traps. Therefore, the rate of rats dying by traps will be influen-
ced by B1 (the fraction of rats that will be trapped if the rats 
will not realize that they are being trapped). P is the fraction of 
rats that do not learn to distinguish traps and B2 describes how 
fast the rats learn how to distinguish traps32.

For the third eradication method, the deaths will be just in-
fluenced by the fraction of rats that die due to natural causes. 
The change in this equation is the fertility rate that will decrea-
se due to the induced sterility (i). . In the mixed strategies, we 
are using the same parameters as their respective eradication 
methods.

Model Equations and parameters of the Strategies 
analyzed

Summarizing all the descriptions above, we developed the 
following equations for the eradication methods. Equations 
[3], [4], [5], [6] describes the poisoning strategy, trapping stra-
tegy, sterilization strategy, and the combination of poisoning 
and infertility strategies, respectively:

The values of the parameters described before were es-
timated from previous reports about the behavior of rats. In 
some cases, the parameters calculated were an average of 
various reports. The values and parameters are summarized 
in Table 1. 

After finding all the parameters, we calculate the respec-
tive "r" values and then replace them in the logistic equation 
solution [7]. For the estimation of the carrying capacity, we 
calculated based on the total area of the islands that had rats 
in Galapagos, which is 6937 km2,22, and the home range of rats 
being 150 square feet38. To estimate the rats' initial population 
on the island, we consider the density of 4.6 rats per ha repor-
ted on one island of Galapagos39.

Modeling the strategies to eradicate rats introduced in the Galapagos Islands
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Table 1. Values of the parameters used in the calculations.

Figure 1. Population growth of the application of the three strategies.

combining the poisoning and sterility induced strategies, time 
is significantly reduced compared to the individual application. 
In the case of the Galapagos archipelago, Isabela Island needs 
the most time with 28.02 months, while the island we can eli-
minate rodents the fastest is Bartolomé, the smallest, in about 
a year. It has to be taken into account that the target animals 
inhabit the island, but if it is human-populated and if there are 
animals that coexist in the same habitat.

The application of a mathematical model to this situation 
allows us to simulate the eradication of rats without the need 
to experiment in situ, which is the best in the least amount 

of time. This allows us to save financial expenses and time to 
carry out this work. It is crucial to have actual data from the 
islands to improve the model and get closer to real-time to 
offer better suggestions regarding invasive species' eradica-
tion processes.

Future work
We look forward to finding a budget for the studio and mo-

nitoring the ecology of rodents in the Galapagos Islands and 
how it has affected biodiversity. There is insufficient quanti-
tative information on the critical archipelago and introduced 
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Figure 2. Map of the Islands that have registered the presence of rats.

Figure 3. Population growth of the 3 strategies and the combination of poison and infertility.

species of rodents. With this, we will continue to improve our 
mathematical model and subsequently form part of a rescue 
plan for the site's critical biodiversity.
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Assuming a shortage of medical resources to treat pa-
tients with Covid-19, many Latin American countries have 
discussed or established bioethical guides for limited resource 
allocation in the case of a public health emergency or what is 
known as ‘extreme triage.’ Under the principle of social justice, 
these guides propose to allocate resources to save as many 
lives as possible. Countries such as Chile, México, Argentina, 
Colombia, Brazil, and Uruguay have discussed the establish-
ment of triage teams to administer scarce resources based on 
two main criteria: the possibility that a patient will improve and 
survive (that is, the presence vs. the absence of co-morbidities) 
and the time the patient will take to recover. In many countries, 
the additional recommended principle is to allocate resources 
to those who can have more years of life saved. That is, youn-
ger patients.

An emergency resource allocation strategy certainly in-
volves abandoning the Hippocratic Oath, the idea of equality 
between people, and the sacredness of life. However, in a crisis 
like the one we are experiencing now, health professionals re-
quire direction to proceed in the event of facing limited resour-
ces in a scenario that seems inevitable. Bioethical procedu-
res need to be discussed and agreed upon before impromptu 
and discretionary decisions are made by health professionals 
overwhelmed by the physical and emotional burden of the 
current crisis. Helen Ouyang1, a New York emergency depart-
ment doctor, vividly describes her experience in the midst of 
the pandemic as hospitals get flooded by patients, dead and 
alive. Her experience demonstrates the need for bioethical gui-
dance on ‘extreme triage’ for those at the front of the pande-
mic risking their own physical and emotional lives to save the 
lives of others. However, there is also a need to question some 
of the assumptions behind these triage guidelines.

Bioethical triage guidelines have sparked a heated debate 
across the globe2. Bioethicists have been accused of playing 
God by deciding who deserves the chance to live and who 
doesn’t. In many countries, public opinion has forced bioethi-
cists to rewrite and retract many of the recommendations for 
limited medical resource allocation. Many complaints have 
been directed towards the utilitarian ethics that often inform 
‘extreme triage’ guidelines that propose the allocation of scar-
ce medical resources with the sole idea of saving as many lives 

as possible. The most prominent criticisms were focused on 
age discrimination.

For instance, in Mexico, some went as far as comparing 
the bioethical triage guidelines to Nazi’s atrocities against tho-
se perceived as old or ill3. In Argentina, a group of bioethicists 
questioned age as a factor in decision making since a young 
individual can suffer from more severe pathologies than an 
older one, and therefore be less likely to survive the virus4. In 
contrast to the outcry over what many perceived as age discri-
mination, little has been said about co-morbidities as a factor 
that would make someone less likely to survive. This is espe-
cially problematic as there is growing evidence to suggest that 
many chronic diseases are not merely the result of genetic 
makeup or individual choices but are instead profoundly linked 
to poverty, systemic racism, structural violence, and lack of 
care5. Failing to look at the preexisting conditions of our health 
systems and the struggles of those suffering from chronic di-
seases before Covid-19 could easily imply that critical medical 
resources are denied to those for whom the state has already 
failed to protect. As Palmer6 suggests, when highlighting how 
wellness is increasingly being presented as a lifestyle choice, 
‘even before the pandemic, they [the chronically ill] had been 
used to the medical system giving up on them before they 
were given a chance.’ Moreover, many of those that are being 
identified as particularly ‘at risk’ of Covid-19 are being denied 
the care they regularly receive as surgeons or hospitals find 
themselves overwhelmed by the Covid-19 crisis7. Given the 
economic toll of the pandemic, it seems unlikely that health 
care systems around the world will be able to maintain [in 
many countries, already inefficient] pre- Covid-19 levels of 
care for patient groups.

As a society, we decide on the allocation of resources on a 
daily basis. Triage guidelines have merely illuminated a series 
of ethical shortcomings that preexist in the crisis. Even as gui-
delines state that criteria such as race, gender, or class will not 
be taken into account when deciding how to allocate limited 
medical resources, these categories are indeed involved in the 
configuration of health disparities, and therefore, on the likeli-
hood of someone surviving the virus. Since 2015, Latin Ame-
rica has seen a severe increase in poverty rates and extreme 
poverty that directly affects health inequalities8. Covid-19 has 
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exposed the extent of such inequalities across the Latin Ame-
rican region. For instance, there are disproportionate rates of 
infection and death among indigenous peoples. As of May 18th, 
there were up to 20,000 confirmed cases of Covid-19 among 
indigenous peoples from the Amazonia and in its 2,400 territo-
ries across eight countries9. Black Brazilians are said to be 62 
percent more likely to die from the virus than whites, not only 
because of unequal access to health services but also becau-
se of the close correlation between race and chronic diseases 
such as diabetes and hypertension10. Women constitute up to 
70 percent of health workers across the region; they are not 
only at the front of the pandemic but are also the target of 
attacks by those fearing contamination11.

In some cases, domestic violence is taking more women’s 
lives than Covid-19, and women are disproportionately taking 
the burden of domestic and care work during lockdown12. Fina-
lly, migrants, refugees, and displaced people are also being dis-
proportionately affected by Covid-19, not only because of stig-
matization in host countries but also because of the impact of 
border shutdowns that have left thousands of people trapped, 
without basic needs for survival13. In the case of Mexico, people 
treated at a private hospital were said to be 60 percent less 
likely to die by COVID-19 than those in public health units14. 
Up to 71 percent of COVID-19 fatalities were among people 
with the educational attainment of primary school or less (i.e., 
incomplete primary school, no studies), and up to 46 percent 
were retired, unemployed or part of the informal economy15. 
As these numbers suggest, race, class, and other social fac-
tors are directly behind the devastating effects of COVID-19. 
A bioethical approach to the allocation of medical resources 
under Covid-19 must consider that many of the bodies marked 
as ‘more likely to survive the virus’ were previously configured 
by colonial histories of racism, violence, and dispossession16-18. 
As Barnes et al.19 suggest, ‘care always has a past and how we 
respond to past injustices is one of the largest ethical ques-
tions we need to face.’ Bioethics must engage with our regional 
past to address our present and future practices of care.

Covid-19 doesn’t exist in isolation and requires that we 
consider social and structural conditions as preexisting and 
problematic20. Some of these conditions are embodied by in-
dividuals (i.e., age or co-morbidities), but others are found in 
institutional practices and policy approaches to address Co-
vid-19. A preexisting condition could be found in the current 
denigration of our health systems or the so-called ‘care deficit’ 
as the effect of the international migration from Latin America. 
However, another preexisting condition could be the place of 
bioethics in the region and the low impact that research has 
had in policy-making21. We must confront the possible limits of 
bioethics to account for the political nature of the new place 
that science and medicine have in the world of politics to face 
unexpected challenges such as Covid-1922.

Bulcock23 describes the general features that distinguish 
Ibero-American from American bioethics. She identifies the 
communitarian character of the former versus the individua-
listic or autonomy-centered of the latter. The author looks at 
the central role of physicians and theologians in the develop-
ment of an Ibero-American bioethics that identified itself as a 
social and political movement. In contrast, the establishment 
of American bioethics was institutionalized by academia and 
philosophy departments. Some Latin American theoretical 
approaches assert such distinction. For instance, complex, 
intervention, and protection bioethics are all theoretical mo-
dels critical of individualistic and autonomy-centered approa-
ches and all engage with a broader view of bioethics capable 

of encompassing human rights, public health, and social in-
equality24-25. However, confronting Covid-19 from a bioethical 
approach requires us to problematize the very notion of the 
community before and after the crisis. Following Esposito, we 
must rethink the basis of our political and social relations to 
unveil how, in the name of the ‘common’, we have reactiva-
ted the worst forms of structural violence26. Mestizaje, as the 
foundational myth found in many of the region’s national his-
tories, is one example of how in the name of a ‘common’ origin, 
indigenous, black, and Asian ancestries were to be violently 
and progressively erased from national identities. Mestizaje is 
still today the logic that works to deny the persistence of racist 
practices across many countries in Latin America through the 
idea that we have all a shared past, and we are all mixed27.

In the post-pandemic world, bioethics must go beyond 
procedures and ethical committees to fully understand the 
challenges ahead. Following Esposito28, Covid-19 presents a 
particular biopolitical dynamic that manifests in three particu-
lar features: the change of focus from individuals to population 
segments (i.e., identification and surveillance of ‘at risk’ and ‘a 
risk’ groups); a process where politics becomes medicalized, 
and medicine gets politicized, and finally, the increasing en-
tanglement of political and biological life that allows for the 
transference of democratic action to states of emergency. If 
we aim to fully grasp the way forward, we must explore the 
political implications of these processes in our own contexts. 
For instance, in Mexico, Giovanni López, a 30-year-old brickla-
yer, was beaten to death by police officers for not wearing a 
face mask in public. As Giovanni’s unlawful killing shows, poli-
ce brutality must be seen as another preexisting condition that 
complicates the forced implementation of state measures to 
care for the broader population under Covid-19.

The current focus on the body (i.e., the presence of 
co-morbidities) seems to work as a mechanism to leave the 
state unaccountable for the political and social roots of heal-
th inequalities. This notion of the body as private or apolitical 
could also be behind the stigmatization and condescending 
practices that often occur when labeling whole groups of peo-
ple as vulnerable29. For instance, a private amusement park 
in the city of Monterrey, northeast Mexico, announced that 
people [perceived by staff as] suffering from obesity were to 
be forbidden entrance for their protection from coronavirus30.  
The park didn’t specify how its staff would be able to ‘diagno-
se’ someone as obese or if measures would be implemented 
to avoid discrimination. Companies are starting to refuse to 
hire people with chronic diseases, over 55 years of age, and 
other forms of ‘risks’ under COVID-1931. People are reported 
being denied entrance into casinos (gambling businesses) if 
they are perceived as obese for ‘their own protection.’ Other 
forms of COVID-19’S co-morbidities that are not seen as easy 
to diagnose through sights, such as diabetes or hypertension, 
are allowed to occupy these spaces freely. This leads us to ask, 
who or what are these businesses ‘protecting’?  What forms 
and meanings the notion of ‘protection’ or ‘care’ take in these 
cases? We must be attentive to the way these notions are used 
and how they are heavily charged with complex and, someti-
mes, contradictory meanings.

Conclusions
When it comes to the current state of emergency, it is 

also crucial to think about new and old forms of power in the 
region and their potential impact when managing the admi-
nistration of life under Covid19. We must engage with a bioe-
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thical approach to the allocation of care not only in times of 
emergencies but through the everyday care responsibilities 
grounded in democracy. As Tronto32 suggests, ‘democracy is 
not simply giving people a voice. It is giving people a voice in 
the allocation of caring responsibilities’. Following a theoretical 
tradition that attempts to go beyond an autonomy-centered 
approach to bioethics, we must engage with a democracy cen-
tered on care, one that could genuinely grasp the particular ca-
ring needs and obligations of states during and after Covid-19. 
As Garland-Thomson33 suggests, disability bioethics reminds 
us of the need to transform medical subjects into political 
ones. Bioethical guides for extreme triage must acknowledge 
that decisions to allocate limited care during a health crisis are 
often shaped by past injustices and by the health inequalities 
that result from structural violence. It is only by accounting for 
those silenced and complex stories embodied by patients befo-
re arriving at the emergency room that we could truly engage 
with an ethical practice of care. 
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