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a  b s t r  a  c t

Vaccines are a fundamental tool in the  prevention of infectious diseases. Following vacci-

nation,  a  complex interaction takes place between the vaccine product and the  recipient’s

immune system, the result of which is protection against the disease. High variability is

observed in both individual and population immune responses to vaccination; at present,

these  differences are not well understood. Some well-studied receptor factors such as  age,

sex,  genetics, immune history.  . .  however, others such as overweight and obesity are less

well known. There is evidence that a very high body mass index is an important risk factor

for infections in general and that fatty tissue has a clear role in modulating the  immune sys-

tem;  suboptimal levels of vaccine seroconversion have also been observed in obese people.

Throughout the document a review of the immunity and protection induced by various vac-

cines  in overweight people is presented. Reactogenicity to vaccines in people is also being

studied. Finally, the relationship between the microbiome, immunity and obesity, which is

the  subject of recent research, is exposed.
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r e  s u m e n

Las vacunas constituyen una herramienta fundamental en la prevención de las enfer-

medades infecciosas. Tras la vacunación tiene lugar a  una compleja interacción entre el

producto vacunal y  el sistema inmunitario del receptor, cuyo resultado es la protección

frente a la enfermedad. Se observa una elevada variabilidad en las respuestas inmunitarias

a  la vacunación tanto individuales como poblacionales; en la actualidad, estas diferencias no

son  bien comprendidas. Se conocen algunos factores del receptor bien estudiados como la

edad, el sexo, la genética, el historial inmunológico. .  .  sin embargo, otros como el  sobrepeso

y  la obesidad son menos conocidos. Existe evidencia de que un índice de masa corporal

muy  alto es un factor de  riesgo importante para las infecciones en general y  de  que el
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2445-1460/© 2021 Published by Elsevier España, S.L.U.

https://doi.org/10.1016/j.vacune.2021.10.005
http://www.elsevier.es/vac
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vacune.2021.10.005&domain=pdf
https://doi.org/10.1016/j.vacun.2021.07.001
mailto:farinas.inmunologia@gmail.com


v a c u n a s . 2  0 2 1;2 2(3):174–182 175

tejido graso tiene un papel claro en la modulación del sistema inmunitario; también se han

observado niveles subóptimos de  seroconversión vacunal en personas obesas. A  lo largo del

documento se ha revisado la inmunidad y  a  la protección inducidas por diversas vacunas en

personas con sobrepeso. Se estudia también la reactogenicidad a las vacunas en personas.

Finalmente se expone la relación entre microbioma, inmunidad y  obesidad que es motivo

de  recientes investigaciones.

© 2021 Publicado por Elsevier España, S.L.U.

Introduction

Overweight and obesity is an ever-growing public health prob-

lem worldwide, affecting all age groups. Both are considered to

be multifactorial diseases leading to excessive accumulation

of fatty tissue. The World Health Organisation (WHO) currently

estimates there are over 2500 million overweight adult people

in the world, of whom approximately 650 million are obese.1

Obesity worldwide has almost tripled since 1975. These figures

led the World Health Assembly to declare obesity in 2004 as

the epidemic of the 21st century. If current trends continue,

projections indicate that by 2030 almost 40% of the world’s

population will be overweight and one out of every 5 individu-

als will be obese.2 Although one of the objectives of the WHO

for 2025 is to significantly reduce this rise and even invert it,

the immense majority of experts on obesity consider this is

hardly probable or improbable.

Regarding overweight and obesity in  children and youth,

figures are no more  optimistic. Excess weight in the youngest

population groups continues being considered one of the

major public health problems, affecting both developed and

developing countries, the  latter being those which currently

present with the fastest rise in figures.3 In 2019, the WHO esti-

mated that 38.2 million children under 5 were overweight or

obese.

The problem of child-youth obesity is worrying because of

its magnitude, but also because it tends to remain in adult life,

which constitutes a major risk factor for suffering from other

diseases.4 Becoming obese in the second decade of life is  a

predictive factor for suffering from obesity in adult life. Being

obese for a prolonged period is associated with a  higher risk of

cardiovascular diseases, inflammatory disease, diabetes, and

cancer, among others.5,6 Apart from a  health problem, obe-

sity has other social and financial implications which require

appropriate consideration and planning.

Overweight and obesity are defined as  an excessive accu-

mulation of fatty tissue which is  considered damaging to

health. It may be measured by the body mass index (BMI) also

known as the Quetelet index, which is  calculated by divid-

ing a person’s weight in kilograms by their height in metres.

The BMI  classifies people into low weight (IMC ≤ 18.5 kg/m2),

normal weight (18.5–24.9 kg/m2),  overweight (25.0–29.9 kg/m2),

obese (30.0–34.9 kg/m2)  and severely obese (≥35 kg/m2).

At present obesity is  considered a  nutritional disorder with

its origin in interaction between genetic, environmental, and

behavioural factors, with the  latter factor perhaps being the

most important.7 The result and sum of these factors has been

that in the last 3  decades a  sharp increase in overweight and

obesity has occurred in the population of the European Union

and on a  worldwide level.

Today’s association between obesity and the development

of numerous chronic diseases is well established. Obesity is

a  clear risk factor for the development of multiple diseases

such as  type 2 diabetes, metabolic syndrome, cardiovascu-

lar diseases (mainly cardiopathies and strokes), high blood

pressure and cancer (of the oesophagus, colon, breast—in

postmenopausal women—endometrium and renal). It is  also

related to other health problems such as  locomotor disorders,

respiratory changes (asthma, infections), digestive disorders,

psychological (lack of self-esteem, anxiety, depression) and

indeed immunological disorders.8 It is also a major factor, as

has been reported, for infections in general and for the devel-

opment of severe forms of COVID-19 in  particular.9

Obesity  and  the  immune  system

For many years fatty tissue was  considered as a set of cells

whose main function was to serve as a  fat reserve. An inert tis-

sue from an immune viewpoint. Only a  short time ago, further

functions were discovered for this tissue and among them, its

role in modulation of the immune system.

Adipokines or adipocytokines are a set  of immunomodulat-

ing molecules produced by fatty tissue.10 Of these, molecules

like leptin stand out (from the Greek leptos = thin). Discovered

in 1949,11 one of the most important functions of leptin is that

it inhibits appetite. Its blood circulating levels are proportional

to the amount of body fat.  In other words, the greater the

quantity of fatty tissue a  person has, the higher the produc-

tion of leptin.12 The distribution of leptin through the blood

flow leads to  different effects. In the  hypothalamus it  induces

synthesis and secretion of molecules that regulate appetite,

such as anorectic peptides.13 Another major effect of leptin

is increasing metabolic rate and body temperature, reduc-

ing the production of fat (lipogenesis) and increasing its use

(lipolysis).14

On the other hand, leptin also acts at immunologic

levels, over-activating the immune response towards a pro-

inflammatory profile. Thus, the greater the amount of body

fat, the higher the amount of leptin and consequently higher

inflammation.15

Another major adipokine is adiponectin. This molecule

participates in the metabolism of glucose and fatty acids,

increasing sensitivity to insulin, and thereby achieving that

this hormone acts more  appropriately.16 It also plays a

major role in the establishment of responses tending towards

inflammation control.17 In contrast to  what occurs with leptin,
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the circulating levels of adiponectin are inversely propor-

tional to the percentage of body fat. Reduced concentrations

of adiponectin are usually found in patients with obesity, type

2  diabetes mellitus or coronary arterial disease, and it may be

indicative of a poorer prognosis of these diseases.

In view of the antagonistic role of both molecules, it seems

obvious to think that obese people who present with a lower

production of adiponectin, together with a higher produc-

tion of leptin, will present with an imbalance towards the

presence of pro-inflammatory responses. This may eventu-

ally lead to  the stimulation of cytokine production of IL1�

and IL6, which in turn may increase inflammation levels, rea-

soned by an increase in the production of acute-phase proteins

such as C-reactive protein (CRP), serum amyloid A  and hep-

cidin, among others. This type of inflammation is called low

grade chronic inflammation, silent inflammation or metabolic

inflammation.18

This metabolic inflammation which is  common in obese

people, is responsible for them having diseases such as

type 2 diabetes, high blood pressure and hyperlipidaemia

with hypertriglyceridaemia, i.e. metabolic syndrome.19 It does

not stop there. A metabolic inflammatory state significantly

increases the risk of suffering from several types of allergies

such as asthma, autoimmune diseases, several types of can-

cer, infections, or impaired vaccine responses.20

Obesity  and  infection

As previously described, obese or overweight people not

only present metabolic type changes but also immune type

changes. These immune changes also lead to a higher sus-

ceptibility and/or severity of infections and poorer response

to vaccines.

It has been known for decades that obesity produces

changes in the functioning of the  majority of immune cells,

such as lymphocytes T, B and NK, and also that these patients

have macrophages and neutrophils with a  lower phagocytic

capacity, plus lower intracellular microbicide activity.21–23

These immune changes are a  major and significant way of

increasing the susceptibility to infections produced by all

types of microorganisms and very particularly by viruses and

bacteria,24–26 with their role in parasitic infections and infes-

tations being controversial.

Several studies report that obese people who are hospi-

talised are more  susceptible to developing bacterial infections

and their complications, such as  pneumonias,27 catheter-

associated infections28 and urinary infections,29 which

considerably increase the risk of death. Obese children have

double the risk of suffering from severe respiratory infections

when they are compared with children of normal weight.

Several viruses such as the flu virus produce a higher mor-

bimortality rate in  obese individuals.30–32 Infections are also

one of the main causes of postoperative death in the obese

patient. The risk of presenting with postoperative infections

in patients with grade I obesity increases by 2, in those with

grade II obesity this triples and in  grade III obesity it is  4  times

higher than those which present in people of normal weight.33

Among the causes of this higher predisposition to get  infec-

tions are the previously described immune alterations and low

level of oxygenation of tissues in obese people, which means

any wound healing is delayed or complex.34 In sum, obesity is

a  relevant factor that changes body homeostasis, altering the

immune-metabolic pathways and this produces an impaired

protective response against infections.

Obesity  and  response  to vaccines

It seems obvious that obesity may interfere in  the ability to

bring about an effective immune response to infections and

is also a  major factor which correlates with the reduction of

immune response induced by some vaccines.

BMI  is an indirect measure used to identify individuals with

a higher risk of weight-related health complications35 and has

also been used as an indirect measure of possible impaired

vaccine immune response.36,37

The first studies to  show possible association between

obesity and an impaired immune response to vaccines was

published in 1985, in  a  group of obese hospital workers who

responded poorly to  the hepatitis B vaccine.38 Twenty-four

years later, during the 2009 A/H1N1 flu pandemic, it  was

confirmed that the obese population were at greater risk of

complications associated with this viral infection.39

Later studies, in the  21st century, determined that obese

people vaccinated against tetanus,40 or rabies41 presented

with a  lower antibody response.

The significant differences described relating to  immune

response induced by certain vaccines between thin and obese

individuals, suggest that medical problems and other types

of problems relating to obesity or caused by it,  could be the

cause of suboptimal levels of vaccine seroconversion reported

in  these studies.

Considering that obese people present with too low a

response to different vaccines maximum effort should be

made to guarantee that this population group is protected

to  the best degree possible. If the  daunting, rising figures of

worldwide levels of obesity are observed, it seems logical to

conclude that a high obesity-associated prevalence of vac-

cine efficacy failure will be the result. Epidemiologically, this

is  a relevant fact since the  objective of obtaining favourable

community protection and immunity rates are hindered in

this population. There is  therefore an urgent need to con-

duct further studies to better discover the immune response

to different vaccines in  obese populations.

Obesity  and  hepatitis  B  virus  infection

Obesity has been correlated with different diseases, among

them non-alcoholic fatty liver disease (NAFLD) or steatosis.

Steatosis is  associated with liver inflammation, triggering hep-

atocellular cytotoxicity which can lead to hepatic fibrosis.42

Since chronic infection by the hepatitis B virus (HBV) can even-

tually lead to  cirrhosis, steatosis in addition to infection by this

virus significantly increases the  risk of chronic liver disease43

and also hepatocellular carcinoma.44

Four years after the authorisation of the first vaccine

against the  HBV, Weber et al. conducted a study which

showed the considerable reduction of anti-HB antibody pro-

tective levels, below 10  mUI/mL, which occurred 11 months
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after vaccination in healthcare workers who presented with

obesity.38 Specifically, 55.7% of the people studied had nega-

tive results for anti-HB protective titres, with determination of

a BMI  ≥ 32.88 kg/m2 as one of the highest risk factors to non-

response to the vaccine. Given that all the patients received

the 3-dose regime with an injection using a  2.5 cm needle,

it was  speculated that the injection site in the buttock could

have played a  role in the poor seroconversion of these obese

individuals. It could have been the case that a shorter needle

would have provoked low seroconversion by accidental inoc-

ulation of the antigen in  the abundant fatty tissue of these

individuals, instead of in the muscle. These same authors

conducted a  later study using a longer (3.75 cm)  needle for

the third dose, comparing vaccination in the deltoids to the

buttock.45 This new study reconfirmed the same: an  inverse

correlation between BMI  and the degree of seroconversion.

Thus, a BMI  > 30 kg/m2 is associated with a  low seroconversion

titre 17 months after vaccine administration. This research

also showed that both age  and BMI, but not inoculation site,

were significant independent predictors of poor anti-HB anti-

body titres. Other studies conducted in  obese or overweight

suckling infants, teenagers and adults continued to show

the same correlation between excess weight and impaired

immune response to the vaccine.46–48 The authors suggested

that these impaired responses could play a  key role in systemic

factors related to obesity, beyond the inoculation site.45

In 1990, the first vaccines against hepatitis B, obtained

from plasma, were replaced by 2 recombinant vaccines:

RecOMBIVaX-HBTM and eNGeRIX-BTM.  Alarm bells  again

sounded when low titres of anti-HB antibodies were observed

in obese people vaccinated with these new vaccines. It was

also observed that a  high percentage of obese healthcare work-

ers vaccinated with these vaccines, developed anti-HB titres

below the level considered protective (<10 mUI/mL).49 Approx-

imately 11% of people with a  BMI  between 25 and 35 kg/m2 had

a suboptimal response, with low antibody titres. In individu-

als with a BMI  > 35 kg/m2,  the percentage of poor responders

amounted to 61.5%, with the percentage of non-responders

(without a detectable antibody titre) at 45%. These results

became even more  significant when they were compared with

the level of seroconversion in people with a normal BMI, where

only 4.3% of them were non-responders or responded poorly.

These studies and other posterior ones continued showing

obesity as a risk factor for the development of insufficient

responses to the HBV vaccine.50–53

Obesity  and  the hepatitis  A  virus

As with vaccination against hepatitis B, several studies have

highlighted that obesity is  associated with the induction of

a low-level immune response with anti-hepatitis A  vaccines.

One of these research studies assessed the anti-virus anti-

body titre of hepatitis A  (HAV) in people over 55 years of age,

seven months after they had been vaccinated with a com-

bined HAV/HBV vaccine. Again high BMI  was identified as

the most significantly correlated factor with low anti-HAV

antibody titres.54 Another study observed a  slower kinetic

antibody response to the anti HPV vaccine in overweight peo-

ple, despite an  increase in  response after a  second booster

dose.55 However, another study carried out some time after

this, did  not show any significant differences in the anti-HAV

antibody titres among healthy and obese individuals, which

suggests that obesity may  not significantly affect the serocon-

version of vaccination against hepatitis A in some population

groups.56

Obesity  and  infection  by  the flu  virus

The main objective of anti-flu vaccination is to neutralise

the protein of the  haemaglutinin surface area (HA) of the

virus. Although some controversy still exists, it is considered

that those people who reach specific antibody titres against

HA ≥ 1:40, detected using the haemagglutination inhibition

trial (HAI), are protected against infection.57 Obesity is  con-

sidered as  a high-risk factor for poor evolution of infection by

the flu virus, especially due to  the comorbidities which usually

accompany it, in addition to chronic or metabolic cardiovas-

cular diseases.58,59 In the 2009 flu pandemic, it was observed

that people who suffered from severe obesity (BMI ≥ 40  kg/m2),

were doubly likely to be hospitalised in the ICU compared

with those who were not obese.60 Regarding response against

the flu vaccine, in 2012, Sheridan et  al. described how obese

people presented with marginally significant increase in anti-

body titres one month after flu B/Brisbane/60/2008 vaccination

compared with those of healthy weight.61 However, the same

study indicates that an increase in BMI could have an inverse

correlation with the antibody response 12 months after vac-

cination. Other research studies have shown that flu vaccine

impaired responses in obese people would not differ statisti-

cally significantly.62 Apart from producing specific antibodies,

vaccination against flu also stimulates an  immune response

measured by T lymphocytes63; in  obese people, this cellu-

lar response was represented by a lower percentage of CD8+

activated T lymphocytes (CD8+, CD69+), a  lower interferon pro-

duction (IFN) and granzyme B (GrB) production, essential for

the good functioning of these cells.61

Obesity  and  anti-tetanus  vaccination

It is  currently accepted that anti-tetanus antibody titres

≥.1 UI/ml is a protective serological correlation and that titres

>5 UI/mL indicate long-term protection.64,65 One study car-

ried out in  children and adolescents aged between 8 and 17

years with a BMI > 29, reported a  significantly lower serocon-

version level after vaccination against tetanus than that of the

children with a BMI with the ranges of normal. The mean

titre of those with a higher BMI was around 2.6 ±  .6 UI/mL,

whilst the group with a  normal BMI presented a mean titre

of 4.2 ± .5 UI/mL.66 In this same study the concentration of

IL-6 (pro-inflammatory cytokine) was assessed, confirming

that obese children and adolescents have higher levels than

healthy controls. The study authors suggest that high IL-6

levels in obese children or overweight children could play a  rel-

evant role in the reduction of specific antibody levels against

tetanus observed in their study.

Obesity  and  anti-rabies  vaccination

The protection correlation in the anti-rabies vaccination

is established when antibody titres equal to or above
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.5 UI/mL67 are presented. The study conducted by Banga et al.

in veterinary students describes that overweight students

(BMI ≥ 25 kg/m2)  showed there was a higher probability of pro-

ducing an inadequate response (lower) of specific antibodies

when they were vaccinated against rabies.68 This effect could

also be observed in different animal species. For example, sev-

eral studies have shown that larger breeds of dogs are a greater

risk of developing inadequate antibody responses which do

not reach the antibody titre considered to be  protective.69

Obesity,  COVID-19  and  vaccination  against  SARS-CoV-2

The current COVID-19 pandemic, caused by infection by the

SARS-CoV-2 virus, has shown that there are certain popula-

tion groups with a  higher risk of developing serious disease

and death. From the start there was  evidence that older peo-

ple were particularly vulnerable, and also those with diabetes

mellitus or cardiovascular (including high blood pressure),

respiratory or renal diseases. In COVID-19, obesity also consti-

tutes a higher risk of suffering from more  severe forms of the

disease and a higher death rate.70–72 The study by Simonnet

conducted in France (2020), showed that the risk of invasive

mechanical ventilation in patients with SARS-CoV-2 infection

hospitalised in  the ICU, was 7 times higher for those with a

BMI  > 35 compared with those with a  BMI  < 25  kg/m2.71

Considering the results of the under response observed in

numerous vaccines, we  could speculate that obesity may  also

constitute a risk of presenting lower response to anti-COVID-

19 vaccines. One recent study by Pellini et al. in 248 healthcare

workers where they studied the  titres of antibodies 7  days after

the second dose with BNT162b2, determined that women, thin

people and young people had a  higher ability to develop better

humoral immune responses compared with men, older peo-

ple and overweight/obese people.73 Although further studies

are needed, these data may  have major implications for the

development of vaccination strategies compared against the

COVID-19 pandemic, and particularly in obese individuals.73

Obesity  and  vaccination  against  tick-borne  encephalitis

Curiously, the study published by Garner-Spitzer et  al., found

that vaccination against tick-borne encephalitis (TBE) in obese

people led to a specific antibody response which was higher

than the control group, although later, 6  months after vac-

cination, there was a  significantly faster reduction of these

antibodies, which could have been related to a  lower pro-

duction of memory  B cells.74 This effect was positively

correlated to high BMI, leptin levels and insulin levels. A

greater frequency of systemic but nonlocal side effects were

also observed regarding the  vaccination of this group of peo-

ple, which could be related to  the before-mentioned metabolic

inflammation which is  characteristic of obesity.

Obesity  and  vaccine  reactogenicity

Some studies in recent years have suggested that the apparent

increase of reactogenicity to vaccines in obese and overweight

people could be more  related to the vaccine administration

route than to BMI. One study conducted in  2016 with the triva-

lent anti-flu vaccine administration stated that the frequency

of reaction, both systemic and injection site, was  statistically

similar between the group of obese and overweight people

compared with normal weight controls.75 A study by Petousis-

Harris suggests that babies and young people with a  higher

body mass index have greater probabilities of having injec-

tion site reactions with acellular whooping cough vaccines,

possibly due to inadvertent subcutaneous administration.76 In

another study by the same author the possible “observational

relationship” was  assessed between BMI and reactogenicity

produced by the meningococcal vaccine against serogroup

B,77 and they reached the conclusion that individual injection

techniques were responsible for these reactions, with there

being no relationship with the body mass of the vaccinated

individual.

The  role  of  the  microbiome  in  obesity  and
immunity

The study of obesity aetiology has come a  long way, partic-

ularly since the detection of its preoccupying and growing

current trend. Compared with recognised risk factors such

as  diet, lifestyle and socioeconomic and cultural level, the

composition of intestinal microbiota has arisen as a relative

new factor with an apparently more  discreet and as yet little-

known role. Everything we know until now suggests that the

possible relationships between intestinal microbiota and obe-

sity are complex and intricate.

Several studies in animals (usually mice) selectively

colonised by certain bacteria, have led to the establishment

of fairly specific associations between microbiota, immunity,

inflammation and energetic metabolism. As a  result, it is

thought that microbiome and in particular the composition

of intestinal microbiota could be  one of the factors involved in

the development of obesity.78

It is known that microbiota of most human populations

comprises 5 phyla (Bacteroidetes, Firmicutes, Actinobacteria, Pro-

teobacteria and Verrucomicrobia), and of these Bacteroidetes and

Firmicutes comprise around 90% of the total bacterial species.

In addition to bacteria, we  should include protozoa, archaea,

fungi, and virus.

Some of the mechanisms proposed by which intestinal

microbiota could contribute to the  pathogenesis of obesity and

to related metabolic diseases are79:

1 The large number of bacteria which ferment the  carbohy-

drates, which lead to an increase in biosynthesis rates of

short-chain fatty acids (CCFA), providing an extra source

of energy for the host, which eventually stores them as

lipids or glucose. These CCFA, generated as subproducts of

the metabolism of the  intestinal microbiota, may  stimulate

B cell differentiation in plasmatic agents, the secretion of

secreting IgA or  inhibit IgE.

2 The increase of intestinal permeability to the  bacterial

lipopolysaccharides (LPS), leads to higher levels of systemic

LPS which aggravate low grade inflammation and insulin

resistance.

3 An increase in  the activity of the intestinal endocannabi-

noid system.
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In recent years it has been speculated whether the rela-

tionship between some of the bacterial components of the

microbiota (Bacteroidetes/Firmicutes) is  a contributing factor

to the development of obesity. At present some scepticism

remains regarding the role of the microbiota in the gene-

sis of obesity in humans, since although some studies have

described differences in its composition between obese and

thin people, they are difficult to interpret because results

often do not concur. Recent publications80,81 on microbiome

from a large amount of faeces simples found no associ-

ation between BMI  and the composition of microbiota. In

said Análisis neither the Bacteroidetes/Firmicutes relationship

nor the microbiota diversity were associated with obesity

or BMI.

Notwithstanding, it is not really known whether intesti-

nal microbiota play a  significant role in the regulation and

development of the  immune system. The diverse constitu-

tion of the microbiota modulates the activity of the different

types of immune cells. The microbiota may define the profile

of the T CD4+ T lymphocytes in the intestine and induce some

types of regulatory T cells with anti-inflammatory functions.82

As has been described throughout this review, obesity inter-

feres clearly in the immune response to infectious agents

and vaccines, but further understanding is required regard-

ing interactions between the  excess of metabolic anomalies

relating to fatty tissue and the activity of immune cells.

Although it is  still not fully understood what the interrelation-

ship between the immune system and the microbiota is, we

cannot ignore that the microbiota is able to modulate innate

and adaptive immune response to pathogens. In turn, the

immune system facilitates tolerance to our own microbes (the

billions of microorganisms which inhabit humans, collectively

known as microbiome) from birth and throughout our lives, in

symbiotic relationships.

Few studies in humans research the impact of intesti-

nal microbiota in vaccine response.83 These studies suggest

that there is  a relative predominance of Actinobacteria and

Firmicutes associated with more  powerful vaccine responses

(humoral and cellular), whilst in  contrast, the abundance

of the Proteobacteria and Bacteroidetes groups are related to

responses of lower intensity. However, it should be noted that

for the moment these clinical studies were carried out in  small

samples and although it  is  therefore possible to know some

indicative correlations of this association, broader studies are

required.84

Research studies conducted in young adults and older

people who received probiotics (Bifidobacterium animalis ssp.

lactis BB-12® <nx Lactobacillus paracasei ssp. paracasei, L. casei

431®,85 Lactobacillus GG,86 Lactobacillus plantarum CECT7315

<nx CECT7316,87 Lactobacillus88), before and after receiving the

inactivated flu vaccine showed specific antibody responses to

the vaccine which were significantly higher compared with

controls without probiotics.85–88 The variability of probiotic

organisms and the lack of knowledge over whether these

really colonise the  host, hinder interpretation of the results.

Studies based on the administration of antibiotics to

improve the effectiveness of vaccines obtained no obvi-

ous results. Some research studies where antibiotics were

administered before vaccination against poliomyelitis virus,

rotavirus and flu found no improvements in  the immuno-

genicity of these vaccines, compared with the controls without

any antibiotic treatment.89

Despite increasing evidence of a  connection between

microbiota and the immune system, its impact in immuno-

genicity and efficacy of the different vaccines remains little

known.89

Conclusions

People who are overweight and especially obese people are

more susceptible to infections in general and may  respond

inadequately to  certain vaccines. Strategies to treat obesity

and improve immunity in these individuals remains lim-

ited. These options include regular exercise, which has  been

proven to  improve vaccine responses and general immunity

in older adults,90 changes to diet which have been effective in

increasing innate and adaptive immune responses,91 pharma-

cological treatment based on drugs such as paracetamol which

blocks the prostaglandin E2 lipid inflammatory mediator and

increases the function of innate immune system cells,92 or

metformin which reduces inflammation and increases the

function of B lymphocytes both in vivo and in vitro.93 There-

fore, the development of effective strategies of intervention to

reduce inflammation and increase immunity in people with

obesity is  an important step towards the prevention of infec-

tions in this vulnerable population group and an  improvement

in vaccination responses.

A personalised approach to vaccination with considera-

tions of individual variables such as  age, gender, vaccine

biography, BMI, diet and other variables of recognised inter-

est, is undoubtedly a  decisive step towards the future in

the advance towards protection of population groups against

vaccine-preventable diseases.89,94
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7. Güemes M, Muñoz MT. Obesidad en la infancia y
adolescencia. Pediatr Integral. 2015;XIX:412–27.

8. Fruh SM.  Obesity: risk factors, complications, and strategies
for  sustainable long-term weight management. J Am  Assoc
Nurse Pract. 2017;29(S1):S3–14.

9. Kang Z, Luo S, Gui Y, Zhou H, Zhang Z, Tian C, et al. Obesity is
a potential risk factor contributing to  clinical manifestations
of COVID-19. Int J Obes. 2020;44(12):2479–85.

10. Pereira S, Alvarez-Leite J. Adipokines: biological functions and
metabolically healthy obese profile. J Recept Ligand Channel
Res. 2014;7:15–25.

11. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman
JM. Positional cloning of the  mouse obese gene and its human
homologue. Nature. 1994;372:425–32.

12. Ahima RS, Prabakaran D, Mantzoros C, Qu D, Lowell B,
Maratos-Flier E, et al. Role of leptin in the neuroendocrine
response to fasting. Nature. 1996;382(6588):250–2.

13. Kalra SP, Ueno N, Kalra PS. Stimulation of appetite by Ghrelin
is  regulated by leptin restraint: peripheral and central sites of
action. J Nutr. 2005;135(5):1331–5.

14. Harris RB. Direct and indirect effects of leptin on adipocyte
metabolism. Biochim Biophys Acta. 2014;1842(3):414–23.

15. La Cava A. Leptin in inflammation and autoimmunity.
Cytokine. 2017;98:51–8.

16. Fang H, Judd RL. Adiponectin regulation and function. Compr
Physiol. 2018;8(3):1031–63.

17. Ouchi N, Walsh K. Adiponectin as  an anti-inflammatory
factor. Clin Chim Acta. 2007;380(1-2):24–30.

18. Derosa G, Fogari E, D’Angelo A,  Bianchi L,  Bonaventura A,
Romano D, et al. Adipocytokine levels in obese and non-obese
subjects: an observational study. Inflammation.
2003;36:914–20, http://dx.doi.org/10.1007/s10753-013-9620-4.

19.  Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome.
Lancet. 2005;365(9468):1415–28.

20. Tagliabue C, Principi N, Giavoli C, Esposito S.  Obesity: impact
of  infections and response to vaccines. Eur J  Clin Microbiol
Infect Dis. 2016;35(3):325–31.

21. Tanaka S, Inoue S,  Isoda F,  Waseda M, Ishihara M, Yamakawa
T,  et al. Impaired immunity in obesity: suppressed but
reversible lymphocyte responsiveness. Inr J  Obesiry.
1993;17:631–6.

22. Chandra RK, Kutty KM. lmmunocompetence in obesity. Acra
Pzdiarr Scand. 1980;69:25–30.

23. Martí A, Marcos A,  Martínez JA. Obesity and immune function
relationships. Obes Rev. 2001;2(2):131–40.

24. Krawinkel M. Interaction of nutrition and infections globally:
an overview. Ann Nutr Metab. 2012;61 Suppl. 1:39–45.

25. Karlsson EA, Beck MA. The burden of obesity on infectious
disease.  Exp Biol Med. 2010;235(12):1412–24.

26. Katona P, Katona-Apte J.  The interaction between nutrition
and infection. Clin Infect Dis. 2008;46(10):1582–8.

27. Falagas ME, Kompoti M. Obesity and infection. Lancet Infect
Dis. 2006;6(7):438–46.

28. Buetti N, Souweine B, Mermel L,  Mimoz O, Ruckly S, Loiodice
A, et al. Obesity and risk of catheter-related infections in the
ICU. A post hoc analysis of four large randomized controlled
trials. Intensive Care Med. 2021;47(4):435–43,
http://dx.doi.org/10.1007/s00134-020-06336-4.

29.  Semins MJ, Shore AD, Makary MA, Weiner J,  Matlaga BR. The
impact of obesity on urinary tract infection risk. Urology.
2012;79(2):266–9.

30. Yang L,  Chan KP, Lee RS, Chan WM,  Lai HK, Thach TQ, et al.
Obesity and influenza associated mortality: evidence from an
elderly cohort in Hong Kong. Prev Med. 2013;56(2):118–23.

31. Moser J-AS, Galindo-Fraga A,  Ortiz-Hernández AA, Wenjuan
G,  Hunsberger S,  Galan-Herrera JF, et al. Underweight,
overweight, and obesity as  independent risk factors for
hospitalization in adults and children from influenza and
other respiratory viruses. Infuenza Other Respi Viruses.
2019;13:3–9.

32. Morgan OW, Bramley A,  Fowlkes A, Freedman DS, Taylor TH,
Paul Gargiullo P, et al. Morbid obesity as a  risk factor for
hospitalization and death due to 2009 pandemic infuenza A
(H1N1) disease. PLoS ONE. 2010;5:e9694,
http://dx.doi.org/10.1371/journal.pone.0009694.

33.  Thelwall S,  Harrington P, Sheridan E, Lamagni T. Impact of
obesity on the risk of wound infection following surgery:
results from a nationwide prospective multicentre cohort
study in England. Clin Microbiol Infect. 2015;21(11),
1008.e1-e10108.e8.

34. Kabon B, Nagele A,  Reddy D, Eagon C, Fleshman JW, Sessler
DI, et al. Obesity decreases perioperative tissue oxygenation.
Anesthesiology. 2004;100(2):274–80.

35. Bailey KV, Ferro-Luzzi A. Use of body mass index of  adults in
assessing individual and community nutritional status. Bull
World Health Organ. 1995;73(5):673–80.

36. Louie JK, Acosta M, Winter K, Jean C, Gavali S, Schechter R,
et al. Factors associated with death or hospitalization due to
pandemic 2009 influenza A(H1N1)infection in California. J  Am
Med  Assoc. 2009;302(17):1896–902.

37. National Institutes of Health (NIH). Clinical guidelines on the
identification, evaluation, and treatment of overweight and
obesity in adults—the evidence report. Obes Res. 1998;6
Suppl:51S–209S.

38. Weber DJ,  Rutala WA, Samsa GP, Santimaw JE, Lemon SM.
Obesity as a predictor of poor antibody response to hepatitis
B  plasma vaccine. JAMA. 1985;254:3187–9.

39. MMWR. Intensive-care patients with severe novel influenza A
(H1N1) virus infection—Michigan, June 2009. MMWR Morb
Mortal Wkly Rep. 2009;58:749–52.

40. Eliakim A, Schwindt C, Zaldivar F, Casali P, Cooper DM.
Reduced tetanus anti-body titers in overweight children.
Autoimmunity. 2006;39(2):137–41.

41. Banga N, Guss P, Banga A, Rosenman KD. Incidence and
variables associated with inadequate antibody titers after
pre-exposure rabies vaccination among veterinary medical
students. Vaccine. 2014;32:979–83.

42. Alzahrani B,  Iseli TJ, Hebbard LW.  Non-viral causes of liver
cancer: does obesity led inflammation play a  role? Cancer
Lett. 2014;345:223–9.

43. Zakhari S. Bermuda Triangle for the liver: alcohol, obesity, and
viral hepatitis. J Gastroenterol Hepatol. 2013;28 Suppl:18–25.

44. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ.
Overweight, obesity, and mortality from cancer in a
prospectively studied cohort of U.S. adults. N Engl J  Med.
2003;348:1625–38.

45. Weber DJ,  Rutala WA, Samsa GP, Bradshaw SE, Lemon SM.
Impaired immunogenicity of hepatitis B  vaccine in obese
persons. N  Engl J Med. 1986;314:1393.

46. Ozdemir R, Canpolat FE, Yurttutan S, Oncel MY, Erdeve O,
Dilmen U. Effect of needle length for response to hepatitis B
vaccine in macrosomic neonates: a prospective randomized
study. Vaccine. 2012;30:3155–8.

47. Middleman AB, Anding R, Tung C.  Effect of needle length
when  immunizing obese adolescents with hepatitis B
vaccine. Pediatrics. 2010;125(3):e508–12.

dx.doi.org/10.1007/s11684-018-0640-0641
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0015
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0020
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0025
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0030
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0035
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0040
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0045
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0050
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0055
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0060
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0065
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0070
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0075
dx.doi.org/10.1007/s10753-013-9620-4
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0085
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0090
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0095
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0100
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0105
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0110
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0115
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0120
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0125
dx.doi.org/10.1007/s00134-020-06336-4
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0135
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0140
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0145
dx.doi.org/10.1371/journal.pone.0009694
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0155
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0160
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0165
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0170
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0175
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0180
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0185
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0190
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0195
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0200
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0205
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0210
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0215
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0220
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0225


v a c u n a s . 2  0 2 1;2 2(3):174–182 181

48. Shaw FE  Jr, Guess HA, Roets JM, Mohr FE, Coleman PJ, Mandel
EJ,  et al. Effect of anatomic injection site, age  and smoking on
the immune response to  hepatitis B vaccination. Vaccine.
1989;7:425–30.

49. Roome AJ, Walsh SJ, Cartter ML, Hadler JL. Hepatitis B:  vaccine
responsiveness in Connecticut public safety personnel. JAMA.
1993;270:2931–4.

50. Ul-Haq N, Hasnain SS, Umar M, Abbas Z, Valenzuela-Silva C,
Lopez-Saura P. Immunogenicity of 10 and 20  microgram
hepatitis B vaccine in a two-dose schedule. Vaccine.
2003;21(23):3179–85,
http://dx.doi.org/10.1016/s0264-410x(03)00232-9.

51. Chow KM, Law MC, Leung CB, Szeto CC, Li  PK. Antibody
response to hepatitis B vaccine in end-stage renal disease
patients. Nephron Clin Pract. 2006;103(3):c89–93.

52. Young KM, Gray CM, Bekker LG. Is  obesity a  risk factor for
vaccine  non-responsiveness? PLoS ONE. 2013;8(12):e82779.

53. Estevez ZC, Betancourt AA, Muzio Gonzalez V, Baile NF, Silva
CV, Bernal FH, et al. Immunogenicity and safety assessment
of  the Cuban recombinant hepatitis B vaccine in healthy
adults. Biol: J  Int Assoc Biol Stand. 2007;35:115–22.

54. Van der Wielen M, Van  Damme P, Chlibek R, Smetana J, von
Sonnenburg F.  Hepatitis A/B vaccination of adults over  40
years old: comparison of three vaccine regimens and effect of
influencing factors. Vaccine. 2006;24:5509–15.

55. Reuman PD, Kubilis P, Hurni W, Brown L, Nalin D. The effect of
age and weight on the response to  formalin inactivated,
alum-adjuvanted hepatitis A vaccine in healthy adults.
Vaccine. 1997;15:1157–61.

56. Lim J, Song YJ, Park WS,  Sohn H, Lee MS, Shin DH, et al. The
immunogenicity of a  single dose of hepatitis A virus vaccines
(Havrix(R) and Epaxal(R)) in Korean young adults. Yonsei Med
J.  2014;55(1):126–31.

57. Hannoun C, Megas F,  Piercy J. Immunogenicity and protective
efficacy of influenza vaccination. Virus Res.
2004;103(1–2):133–8.

58. Harper SA, Fukuda K, Uyeki TM, Cox NJ, Bridges CB.
Prevention and control of influenza: recommendations of the
Advisory Committee on Immunization Practices (ACIP).
MMWR Recomm Rep. 2004;53:1–40.

59. Jain S, Kamimoto L,  Bramley AM, Schmitz AM, Benoit SR,
Louie J, et al. Hospitalized patients with 2009 H1N1 influenza
in the United States April-June 2009. N  Engl J Med.
2009;361:1935–44.

60. Fezeu L, Julia C, Henegar A, Bitu J, Hu FB, Grobbee DE, et al.
Obesity  is associated with higher risk of intensive care unit
admission and death in influenza A  (H1N1) patients: a
systematic review and meta-analysis. Obes Rev.
2011;12(8):653–9.

61. Sheridan PA,  Paich HA, Handy J, Karlsson EA,  Hudgens MG,
Sammon AB, et al. Obesity is associated with impaired
immune response to influenza vaccination in humans. Int J
Obes.  2012;36(8):1072–7.

62. Sperling RS, Engel SM, Wallenstein S, Kraus TA, Garrido J,
Singh T, et al. Immunogenicity of trivalent inactivated
influenza vaccination received during pregnancy or
postpartum. Obstet Gynecol. 2012;119(3):631–9.

63. Lee YT, Kim KH,  Ko EJ, Lee YN, Kim MC, Kwon YM, et al. New
vaccines against influenza virus. Clin Exp Vaccine Res.
2014;3(1):12–28.

64. McComb JA. The prophylactic dose of homologous tetanus
antitoxin. N  Engl J  Med. 1964;270:175–8.

65. Plotkin SA. Vaccines: correlates of vaccine-induced immunity.
Clin Infect Dis. 2008;47(3):401–9.

66. Eliakim A, Schwindt C,  Zaldivar F, Casali P, Cooper DM.
Reduced tetanus anti-body titers in overweight children.
Autoimmunity. 2006;39(2):137–41.

67. Rabies vaccines: WHO  position paper—recommendations.
Vaccine. 2010;28(44):7140–2.

68. Banga N, Guss P, Banga A,  Rosenman KD. Incidence and
variables associated with inadequate antibody titers after
pre-exposure rabies vaccination among veterinary medical
students. Vaccine. 2014;32:979–83.

69. Berndtsson LT, Nyman AK, Rivera E, Klingeborn B. Factors
associated with the success of rabies vaccination of dogs in
Sweden. Acta Vet Scand. 2011;53:22.

70. Petrilli CM, Jones SA, Yang J, Rajagopalan H, O’Donnell LF,
Chernyak Y, et al. Factors associated with hospital admission
and critical illness among 5279 people with coronavirus
disease 2019 in New York  City: prospective cohort study. BMJ.
2020;369:m1966.

71. Simonnet A, Chetboun M, Poissy J, Raverdy V, Noulette J,
Duhamel A, et al. High prevalence of obesity in severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) requiring
invasive mechanical ventilation. Obesity. 2020;28(7):1195–9,
http://dx.doi.org/10.1002/oby.22831.

72. Lighter J,  Phillips M, Hochman S,  Sterling S, Johnson D,
Francois F, et al. Obesity in patients younger than 60 years is a
risk factor for COVID-19 hospital admission. Clin Infect Dis.
2020;71(15):896–7, http://dx.doi.org/10.1093/cid/ciaa415.

73. Pellini R, Venuti A,  Pimpinelli F, Abril E, Blandino G,  Campo F,
et al. Obesity may hamper SARS-CoV-2 vaccine
immunogenicity. medRxiv. 2021,
http://dx.doi.org/10.1101/2021.02.24, 21251664,
02.24.21251664.

74.  Garner-Spitzer E, Poellabauer EM, Wagner A, Guzek A,  Zwazl I,
Seidl-Friedrich C, et al. Obesity and sex affect the  immune
responses to tick-borne encephalitis booster vaccination.
Front Immunol. 2020;11:860,
http://dx.doi.org/10.3389/fimmu.2020.00860.

75. Esposito S, Giavoli C, Trombetta C, Bianchini S,  Montinaro V,
Spana A,  et al. Immunogenicity, safety and tolerability of
inactivated trivalent influenza vaccine in overweight and
obese children. Vaccine. 2016;34(1):56–60.

76. Petousis-Harris H. Vaccine injection technique and
reactogenicity—evidence for practice. Vaccine.
2008;26:6299–304.

77. Petousis-Harris H, Jackson C, Stewart J,  Coster G, Turner N,
Goodyear-Smith F,  et al. Factors associated with reported pain
on injection and reactogenicity to an  OMV meningococcal B
vaccine in children and adolescents. Hum Vaccin
Immunother. 2015;11:1875–80.

78. Farías MM, Silva C, Rozowski J. Gut microbiota: role in obesity.
Rev Chil Nutr. 2011;38(2):228–33,
http://dx.doi.org/10.4067/S0717-75182011000200013.

79.  Muscogiuri G,  Cantone E, Cassarano S, Tuccinardi D, Barrea L,
Savastano S, et al.  Gut microbiota: a  new path to treat obesity.
Int J  Obes Supp. 2019;9:10–9,
http://dx.doi.org/10.1038/s41367-019-0011-7.

80. Tseng CC,  Wu CY. The gut microbiome in obesity. J Formos
Med Assoc. 2019;118(S1):S3–9.

81. Greathouse KL, White JR, Padgett RN, Perrotta BG,  Jenkins GD,
Chia N, et al. Gut microbiome meta-analysis reveals dysbiosis
is independent of body mass index in predicting risk of
obesity-associated CRC. BMJ Open Gastroenterol.
2019;6:e000247.

82. Pascal M, Perez-Gordo M, Caballero T, Escribese MM,  Lopez
MN, Luengo O, et al. Microbiome and allergic diseases. Front
Immunol. 2018;9:1584.

83. Valdez Y, Brown EM, Finlay BB. Influence of the microbiota on
vaccine effectiveness. Trends Immunol. 2014;35(11):526–37.

84. Zimmermann P, Curtis N. The influence of the  intestinal
microbiome on vaccine responses. Vaccine.
2018;36(30):4433–9.

http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0230
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0235
dx.doi.org/10.1016/s0264-410x(03)00232-9
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0245
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0250
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0255
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0260
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0265
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0270
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0275
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0280
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0285
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0290
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0295
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0300
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0305
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0310
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0315
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0320
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0325
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0330
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0335
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0340
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1101/2021.02.24
dx.doi.org/10.3389/fimmu.2020.00860
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0365
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0370
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0375
dx.doi.org/10.4067/S0717-75182011000200013
dx.doi.org/10.1038/s41367-019-0011-7
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0390
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0395
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0400
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0405
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0410


182  v a  c u n a s  .  2 0  2 1;2  2(3):174–182

85. Rizzardini G, Eskesen D, Calder PC, Capetti A,  Jespersen L,
Clerici M. Evaluation of the immune benefits of two probiotic
strains Bifidobacterium animalis ssp. lactis, BB-12(R) and
Lactobacillus paracasei ssp. Paracasei L. casei 431(R) in an
influenza vaccination model: a  randomised, double-blind,
placebo-controlled study. Br  J Nutr. 2012;107:876–84,
http://dx.doi.org/10.1017/S000711451100420X.

86. Davidson LE,  Fiorino AM, Snydman DR, Hibberd PL.
Lactobacillus GG as an immune adjuvant for live-attenuated
influenza vaccine in healthy adults: a  randomized
double-blind placebo-controlled trial. Eur J  Clin Nutr.
2011;65:501–7, http://dx.doi.org/10.1038/ejcn.2010.289.

87. Bosch M, Mendez M, Perez M, Farran A,  Fuentes MC, Cune J.
Lactobacillus plantarum CECT7315 and CECT7316 stimulate
immune-globulin production after influenza vaccination in
elderly. Nutr Hosp. 2012;27:504–9.

88. Akatsu H, Arakawa K, Yamamoto T, Kanematsu T, Matsukawa
N, Ohara H, et al. Lactobacillus in jelly enhances the effect of
influenza vaccination in elderly individuals. J Am Geriatr Soc.
2013;61:1828–30, http://dx.doi.org/10.1111/jgs.12474.

89. de Jong SE, Olin A, Pulendran B. The impact of the
microbiome on immunity to  vaccination in humans. Cell

Host Microbe. 2020;28(2):169–79,
http://dx.doi.org/10.1016/j.chom.2020.06.014.

90. Edwards KM, Booy R. Effects of exercise on vaccine-induced
immune responses. Hum Vaccin Immunother. 2013;9:907–10.

91. Guesdon W, Kosaraju R, Brophy P, Clark A, Dillingham S, Aziz
S,  et al. Effects of fish oils on ex vivo B-cell responses of obese
subjects upon BCR/TLR stimulation: a  pilot study. J Nutr
Biochem. 2018;53:72–80.

92. Zhang AJX, Zhu H, Chen Y, Li C, Li  C, Chu H, et al.
Prostaglandin E2-mediated impairment of innate immune
response to A(H1N1)pdm09 infection in diet-induced obese
mice could be restored by paracetamol. J  Infect Dis.
2019;219:795–807.

93. Diaz A, Romero M, Vazquez T, Lechner S,  Blomberg BB, Frasca
D. Metformin improves in vivo and in vitro B cell function in
individuals with obesity and type-2 diabetes. Vaccine.
2017;35:2694–700.

94. Dhakal S,  Klein SL, Coyne CB. Host factors impact vaccine
efficacy: implications for seasonal and universal influenza
vaccine programs. J  Virol. 2019;93:e00797-819,
http://dx.doi.org/10.1128/JVI. 00797-19 [accessed 9 Jun 2021].
Available from: http://jvi.asm.org/content/93/21/e00797-19

dx.doi.org/10.1017/S000711451100420X
dx.doi.org/10.1038/ejcn.2010.289
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0425
dx.doi.org/10.1111/jgs.12474
dx.doi.org/10.1016/j.chom.2020.06.014
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0440
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0445
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0450
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
http://refhub.elsevier.com/S2445-1460(21)00042-X/sbref0455
dx.doi.org/10.1128/JVI. 00797-19
http://jvi.asm.org/content/93/21/e00797-19

	Obesity, immunity and vaccination
	Introduction
	Obesity and the immune system
	Obesity and infection
	Obesity and response to vaccines
	Obesity and hepatitis B virus infection
	Obesity and the hepatitis A virus
	Obesity and infection by the flu virus
	Obesity and anti-tetanus vaccination
	Obesity and anti-rabies vaccination
	Obesity, COVID-19 and vaccination against SARS-CoV-2
	Obesity and vaccination against tick-borne encephalitis

	Obesity and vaccine reactogenicity
	The role of the microbiome in obesity and immunity
	Conclusions
	Financing
	Conflict of interests
	References


