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“Positive biology”: the centenarian lesson
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Abstract

The extraordinary increase of the elderly in developed countries underscore the importance of studies on ageing
and longevity and the need for the prompt spread of knowledge about ageing in order to satisfactorily decrease
the medical, economic and social problems associated to advancing years, because of the increased number of
individuals not autonomous and affected by invalidating pathologies.
Centenarians are equipped to reach the extreme limits of human life span and, most importantly, to show relatively
good health, being able to perform their routine daily life and to escape fatal age-related diseases. Thus, they are
the best example of extreme longevity, representing selected people in which the appearance of major age-related
diseases, such as cancer, and cardiovascular diseases among others, has been consistently delayed or escaped. To
discuss the relevance of genetics and life style in the attainment of longevity, five papers mostly focused on Italian
centenarians have been assembled in this series. The aim is to realize, through a” positive biology” approach (rather
than making diseases the central focus of research, “positive biology” seeks to understand the causes of positive
phenotypes, trying to explain the biological mechanisms of health and well-being) how to prevent and/or reduce
elderly frailty and disability.
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Introduction
During the last century, life expectancy at birth rose by a
remarkable 30 years in Western countries and in Japan,
initially because of reductions in infant, child, and mater-
nal mortality and then because of declining mortality in
middle and old age. So, during the past century, humans
have gained more years of average life expectancy than
in the last 10,000 years: we are now living in a rapidly
ageing world. The sharp rise in life expectancy, coupled
to a steady decline in birth rates in all developed coun-
tries, has led to an unprecedented demographic revolu-
tion characterized by an explosive growth in the number
and proportion of older people. In 1900, about 40% of
babies born in Western countries were expected to live
beyond age 65. Today in these same countries more than
88% of all newborns will live past age 65 and at least
44% will live beyond age 85. The number of people aged
60 years or older exceeded 635 million in 2002, and is
expected to grow to nearly 2 billion by 2050. The pro-
portion of people aged 60 and over stands about 1 in 4
in many Western countries as well as in Japan. Should
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the present trend continues, this ratio is expected to
reach 1 in 3 by 2050. So, many countries have rising
ageing populations and are facing an increased preva-
lence of age-related diseases and increasing healthcare
costs, since the rapid rise in older people is accompanied
by an increase in the number of people with chronic
age-related diseases. However, the improvement in pub-
lic health has reduced the principal causes of mortality
in the elderly, allowing an increasing number of indivi-
duals to reach the maximum lifespan age. Indeed, around
the 1950s, in all industrialized countries, the progressive
decline of mortality in oldest old people has increased,
so that the number of centenarians has augmented about
20 times [1-6]. Nowadays it is reasonable to assume that
the total number of centenarians is more than three
hundred thousand people worldwide [7].
The increased ability to reach 100 years in industria-

lized countries over the last 150 years most likely reflects
a rise in life expectancy as a consequence of improve-
ments in diet and a reduced exposure to infection and
inflammation [1]. In favour of diet as a modulator of lon-
gevity, the Elderly Prospective Cohort Study identified a
reduced overall mortality among the elderly consuming a
modified Mediterranean diet in which saturated fatty
acids were substituted for monounsaturated ones [8] and
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the zones of Sardinia and Sicily characterized by male
longevity are characterized by close adherence to
Mediterranean diet [9]. The traditional Mediterranean
diet provides about 40% of calories from fat, mostly
monounsaturated and polyunsaturated fat [8]. Concerning
Japanese centenarians, traditional Okinawan diets provide
about 90% of calories from vegetables carbohydrate, there-
fore it is low in calories but nutritionally dense, particularly
with regard to vitamins, minerals, and phytonutrients [10].
Concerning inflammation, the reduction in lifetime
exposure to infectious diseases and other sources of
inflammation, the cohort mechanism, has been suggested
to contribute to the historical decline in old-age mortality,
suggesting long-life pathogen burden as the most import-
ant factor for age-related inflammation. Accordingly, some
studies have linked an individual exposure to past infec-
tion to levels of chronic inflammation and to increased
risk of heart attack, stroke, and cancer [11-14].
The extraordinary increase of the elderly in developed

countries underscore the importance of studies on age-
ing and longevity and the need for the prompt spread of
knowledge about ageing in order to satisfactorily de-
crease the medical, economic and social problems asso-
ciated to advancing years for the increase of the subjects
which are not autonomous and are affected by invalidat-
ing pathologies [15].
Recently, it has been pointed out that most biomedical

research should be termed ‘negative biology’, because the
study of disease is its central heart, reflecting the preva-
lence of pathology-oriented negative biology, so focusing
on the causes of pathology. By contrast, the Author
invites to focus on a different approach, named “positive
biology”. Rather than making diseases the central focus
of research, positive biology seeks to understand the
causes of positive phenotypes, trying to explain the bio-
logical mechanisms of health and well-being [16]. In par-
ticular, concerning our topic, this means to understand
why some individuals, i.e. the centenarians, have escaped
neonatal mortality, pre-antibiotic era diseases, and fatal
outcomes of age-related diseases, so leaving more than
100 years [17,18]. Investigating the biological mechanisms
underlying centenarian longevity, therefore, shows an
interesting conundrum for positive biology. The know-
ledge grew out of this approach could allow to modulate
the rate of ageing providing valuable information on the
lifestyle to achieve healthy ageing. In addition, studying
centenarians might supply important indications how to
build up drugs that can slow or delay ageing, with benefits
for those who are more vulnerable to disease and disability
[19,20].
The model of centenarians is not simply an additional

model with respect to well-studied organisms, since the
study of humans has revealed characteristics of ageing
and longevity as geographical and sex differences, role of
antigenic load and inflammation, which did not emerge
from studies in laboratory model systems and organisms.
So, scientists have focused their attention on centenar-
ians as optimal model to address the biological mechan-
isms of successful ageing [17,18].
Centenarians are equipped to reach the extreme limits

of human life span and, most importantly, to show rela-
tively good health, being able to perform their routine
daily life and to escape fatal age-related diseases. Thus,
they are the best example of extreme longevity, repre-
senting selected peope in which the appearance of major
age-related diseases, such as cancer, and cardiovascular
diseases among others, has been consistently delayed or
escaped [17,18].
The ageing process and longevity are multi-factorial

events. Genetic, epigenetic, stochastic and environmental
factors seem to have a crucial role in ageing and longevity.
As well known, life expectancy is a familial trait and lon-
gevity is determined by different factors. Epidemiological
evidence for a genetic component to variation in human
lifespan comes from twin studies and family studies. By
comparing life span in twins, researchers have found that
approximately 25% of the overall variation in human life-
span can be attributed to genetic factors, which become
more relevant for extreme longevity [21-24]. Conditioning
factors, that arise in the first part of life (socio-economic
state of parents, education and month of birth, which has
been found to reflect the environmental conditions during
the prenatal and early postnatal period), account for
another 25% of such variability; life circumstances at adult
and old age (including socio-economic status and medical
assistance) may account for about the remaining 50% [25].
In this context, the study of centenarian offspring, a
group of healthy elderly people with a familiar history of
longevity, might help gerontologists to better identify the
correlation between genetic profile and hope of a healthy
ageing. Previous studies have reported that centenarian
offspring, like their centenarian parents, have genetic and
immune system advantages, which reflect a minor risk to
develop major age-related diseases, such as cardiovascular
diseases, hypertension or diabetes mellitus as well as
cancer [26,27].

The series
To discuss the relevance of genetics and life style in the
attainment of longevity, five papers mostly focused on
Italian centenarians have been assembled in this series
with aim to understand, through a “positive biology”
approach, how to prevent and/or reduce elderly frailty
and disability.
As it is known, healthy ageing and longevity in humans

result from a number of factors, including genetic back-
ground, favorable environmental and social factors and
chance. So, in their paper Montesanto et al., discuss the
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role of epidemiological, genetic and epigenetic factors in
the variation of quality of ageing and lifespan, including
the most promising candidate genes investigated so far.
Epigenetic modifications indicate the sum of heritable
changes, such as DNA methylation, histone modification
and miRNA expression, that affect gene expression with-
out changing the DNA sequence. So, they outlined some
recent advance in the epigenetic studies of ageing, as epi-
genetics, a bridge between genetics and environment,
might explain many aspects of ageing and longevity.
In their review, Ferrario et al,. point out that the gen-

etic origin of exceptional longevity and the more recently
observed environment-driven increase in the average age
of the population could possibly be explained by the
same genetic variants and environmentally modulated
mechanisms. The potential overlap of hits for environ-
mentally and genetically mediated predisposition for ex-
treme longevity in centenarians is highlighted by the
association of genetic variants of genes that regulate, or
that are regulated by, nutrient metabolism. They con-
clude that the adoption of innovative study designs com-
bined with novel genetic platforms and innovative
statistical methods hopefully will bring to the identifica-
tion of new intervention points at which to modulate
ageing and the diseases of ageing.
In their review, Balistreri et al., report their data gath-

ered for over 10 years in Sicilian centenarians. Based on
their findings, they suggest longevity as the result of an
optimal performance of immune system and an over-
expression of anti-inflammatory sequence variants of
immune/inflammatory genes. The data from Sicilian in-
vestigation add another piece to complex puzzle of gen-
etic and environmental factors involved in the control
of life span expectancy in humans, showing a complex
network of trans-inactive genes able to influence the
type and strength of immune responses to environmen-
tal stressors, and as final result, conditioning individual
life expectancy.
The paper of Vasto et al., pays attention on the modifi-

able lifestyle factors such as diet and nutrition to achieve
extension of health span. Previous data reported that in
Sicily, the biggest Mediterranean island, there are some
mountain regions where there is a high frequency of
male centenarians with respect to the Italian average.
The present data show that in Sicani Mountain zone
there are more centenarians with respect to the Italian
average. In fact, in five villages of Sicani Mountains,
there where 19 people with age ranging from 100–
107 years old, on the total population of 18,328 inhabi-
tants. So, the centenarian number was more than 4.32-
fold higher the national average (10.37 vs. 2.4/10,000);
the female/male ratio was 1.1:1 in the study area, while
the national ratio is 4.54:1. Unequivocally, their nutri-
tional assessment showed a high adherence to the
Mediterranean nutritional profile with low glycemic
index food consumed.
In their paper, Davinelli et al., focus on dietary patterns

of centenarians and nutrient-sensing pathways that have
a pivotal role in the regulation of life span. They point
out that the realization of healthy longevity is possible
but to achieve a longer and a healthier life, increased at-
tention must be placed on lifestyle choices, particularly
the diet. To date the main dietary intervention that may
retard the ageing process is calorie restriction and a typ-
ical example is the Okinawan population in Japan. Many
of the genes that act as key regulators of lifespan also
have known functions in nutrient sensing, thus called
nutrient-sensing longevity genes and variant associated
to longevity have been described.

Conclusion
Success in increasing longevity in laboratory organisms
has shown that ageing is not an immutable process [28].
Hence, the time has come to get more serious about the
effort to slow human ageing or to age successfully. On
the other hand, if ageing is combined with extended
years of healthy life, it could also produce unprecedented
social, economic, and health dividends [29,30]. Thus,
particular attention has been centered on centenarian
genetic background, immune system and life style.
Centenarians, despite being exposed to the same environ-

mental conditions as members of the average population,
manage to live much longer; moreover, as a consequence
of demographic selection, centenarians have a compres-
sion of morbidity and mortality towards the end of their
life-span [31]. On the other hand, it seems that long lived
individuals harbor genetic risk factors for age-related dis-
eases as recently underlined also by genome-wide associ-
ation studies data, reporting as very long lived individuals
share the same number of risk alleles for coronary artery
disease, cancer, and type 2 diabetes than younger controls
from the same population, thus suggesting that human
longevity is not compromised by the cumulative effect of a
set of risk alleles for common disease [32-34]. These stud-
ies support the existence of buffering mechanisms operat-
ing in the determination of human longevity, probably
through the presence of favorable genotypes contrasting
the deleterious effect of age-related disease genes: as a re-
sult, the frequency of deleterious genotypes may increase
among individuals with extreme lifespan because their
protective genotype allows disease-related genes to accu-
mulate [35]. A better understanding of the functional
genes that affect healthy longevity in humans may lead to
a rational basis for intervention strategies that can delay or
prevent age-related diseases. However, with the exception
of APOE and FOXO3A variants, none of the many candi-
date genetic variants tested to date have been consistently
replicated across populations. This is possibly on account
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of differing environmental stimuli generating inconsistent
demographic pressures, making results, as a consequence,
irreproducible [36].
Regarding immunological aspects, studying centenarian

offspring reveal that several B cell immune parameters are
better preserved than in age-matched controls, and
together with their genetic background could contribute
to their healthier ageing. This suggests the idea of the
“familiar youth” of the immune system [37,38].
Concerning life style, it is out of doubt that healthy

centenarians live surrounded by a solid support network
of friends and family. However, diet plays a key role in
successful ageing. Specific dietary factors that may be
involved include a high intake of fruit and vegetables,
and in the property of phytochemicals to activate specific
nutrient sensing pathways. Centenarians have a very high
intake of phytochemicals in the diet. All plants contain
these natural compounds and the elderly have signifi-
cantly lower levels of lipid peroxidation and they suffer
less free-radical-induced damage [39-41]. From a scien-
tific perspective, a particular diet able to delay ageing
may help to identify new molecules to extend and amelior-
ate lifespan, opening new opportunities for drug discovery
and companies working in nutrition and pharmacology. As
recently stated [16], drugs able to mime the effects of
calorie restriction might postpone most age-related diseases.
In this manner, we could get a much greater health bonus
for elderly than overcoming any one definite age-related
disease. It has been calculated, in fact, that the slowdown
of ageing rate by seven years might reduce the age-specific
risk of death and frailty by about half at every age [16,30].
In conclusion, the development of strategies that will

lead to the extension of healthy life and that would result
in slowing the rate of ageing may be part of the new para-
digm for the medical sciences that is the ‘positive biology’.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CC wrote the paper. All authors edited the paper and approved its final version.

Author details
1Department of Pathobiology and Medical and Forensic Biotechnologies,
University of Palermo, Corso Tukory 211, 90134, Palermo, Italy. 2Department
of Cell Biology, University of Calabria, Rende, Italy. 3IRCCS Multimedica, Milan,
Italy and University of Salerno, Baronissi, Italy. 4Department of Health
Sciences, University of Molise, Campobasso, Italy.

Received: 5 April 2012 Accepted: 23 April 2012
Published: 23 April 2012

References
1. Oeppen J, Vaupel JW: Demography Broken limits to life expectancy.

Science 2002, 296:1029–1031.
2. Olshansky SJ, Ault AB: The fourth stage of the epidemiologic transition:

the age of delayed degenerative diseases. Milbank Q 1986, 64:355–391.
3. Butler RN, Miller RA, Perry D, Carnes BA, Williams TF, Cassel C, Brody J,

Bernard MA, Partridge L, Kirkwood T, Martin GM, Olshansky SJ: New model
of health promotion and disease prevention for the 21st century. BMJ
2008, 337:149–150.

4. Vasto S, Caruso C: Immunity & Ageing: a new journal looking at ageing
from an immunological point of view. Immun Ageing 2004, 1:1.

5. Salvioli S, Olivieri F, Marchegiani F, Cardelli M, Santoro A, Bellavista E, Mishto
M, Invidia L, Capri M, Valensin S, Sevini F, Cevenini E, Celani L, Lescai F,
Gonos E, Caruso C, Paolisso G, De Benedictis G, Monti D, Franceschi C:
Genes, ageing and longevity in humans: problems, advantages and
perspectives. Free Radic Res 2006, 40:1303–1323.

6. Troen BR: The biology of aging. Mt Sinai J Med 2003, 70:3–22.
7. United Nations "World Population Prospects: The 2008 Revision"
8. Trichopoulou A, Orfanos P, Norat T, Bueno-de-Mesquita B, Ocké MC, Peeters

PH, van der Schouw YT, Boeing H, Hoffmann K, Boffetta P, Nagel G, Masala
G, Krogh V, Panico S, Tumino R, Vineis P, Bamia C, Naska A, Benetou V,
Ferrari P, Slimani N, Pera G, Martinez-Garcia C, Navarro C, Rodriguez-Barranco
M, Dorronsoro M, Spencer EA, Key TJ, Bingham S, Khaw KT, Kesse E, Clavel-
Chapelon F, Boutron-Ruault MC, Berglund G, Wirfalt E, Hallmans G,
Johansson I, Tjonneland A, Olsen A, Overvad K, Hundborg HH, Riboli E,
Trichopoulos D: Modified Mediterranean diet and survival: EPIC-elderly
prospective cohort study. BMJ 2005, 330:991.

9. Bürkle A, Caselli G, Franceschi C, Mariani E, Sansoni P, Santoni A, Vecchio G,
Witkowski JM, Caruso C: Pathophysiology of ageing, longevity and age
related diseases. Immun Ageing 2007, 4:4.

10. Willcox BJ, Willcox DC, Todoriki H, Fujiyoshi A, Yano K, He Q, Curb JD, Suzuki
M: Caloric restriction, the traditional Okinawan diet, and healthy
aging. The diet of the world’s longest-lived people and its potential
impact on morbidity and life span. Ann N Y Acad Sci 2007, 1114:434–
455.

11. Finch CE, Crimmins EM: Inflammatory exposure and historical changes in
human life-spans. Science 2004, 305:1736–1739.

12. Licastro F, Candore G, Lio D, Porcellini E, Colonna-Romano G, Franceschi C,
Caruso C: Innate immunity and inflammation in ageing: a key for
understanding age-related diseases. Immun Ageing 2005, 2:8.

13. Vasto S, Candore G, Balistreri CR, Caruso M, Colonna-Romano G, Grimaldi
MP, Listi F, Nuzzo D, Lio D, Caruso C: Inflammatory networks in ageing,
age-related diseases and longevity. Mech Ageing Dev 2007, 128:83–91.

14. Candore G, Caruso C, Colonna-Romano G: Inflammation, genetic
background and longevity. Biogerontology 2010, 11:565–573.

15. Christensen K, McGue M, Petersen I, Jeune B, Vaupel JW: Exceptional
longevity does not result in excessive levels of disability. Proc Natl Acad
Sci USA 2008, 105:13274–13279.

16. Farrelly C: ‘Positive biology’ as a new paradigm for the medical sciences.
Focusing on people who live long, happy, healthy lives might hold the
key to improving human well-being. EMBO Rep 2012, 13:186–188.

17. Franceschi C, Motta L, Motta M, Malaguarnera M, Capri M, Vasto S, Candore
G, Caruso C: IMUSCE: The extreme longevity: the state of the art in Italy.
Exp Gerontol 2008, 43:45–52.

18. Capri M, Salvioli S, Monti D, Caruso C, Candore G, Vasto S, Olivieri F,
Marchegiani F, Sansoni P, Baggio G, Mari D, Passarino G, De Benedictis G,
Franceschi C: Human longevity within an evolutionary perspective: the
peculiar paradigm of a post-reproductive genetics. Exp Gerontol 2008,
43:53–60.

19. Jirillo E, Candore G, Magrone T, Caruso C: A scientific approach to anti-
ageing therapies: state of the art. Curr Pharm Des 2008, 14:2637–2642.

20. Candore G, Caruso C, Jirillo E, Magrone T, Vasto S: Low grade inflammation
as a common pathogenetic denominator in age-related diseases: novel
drug targets for anti-ageing strategies and successful ageing
achievement. Curr Pharm Des 2010, 16:584–596.

21. Herskind AM, McGue M, Holm NV, Sørensen TI, Harvald B, Vaupel JW: The
heritability of human longevity: a population-based study of 2872
Danish twin pairs born 1870–1900. Hum Genet 1996, 97:319–323.

22. Ljungquist B, Berg S, Lanke J, McClearn GE, Pedersen NL: The effect of
genetic factors for longevity: a comparison of identical and fraternal
twins in the Swedish Twin Registry. J Gerontol A Biol Sci Med Sci 1998, 53:
M441–M446.

23. Skytthe A, Pedersen NL, Kaprio J, Stazi MA, Hjelmborg JV, Iachine I, Vaupel
JW, Christensen K: Longevity studies in GenomEUtwin. Twin Res 2003, 6
(5):448–454.

24. Hjelmborg J, Iachine I, Skytthe A, Vaupel JW, McGue M, Koskenvuo M, Kaprio
J, Pedersen NL, Christensen K: Genetic influence on human lifespan and
longevity. Hum Genet 2006, 119(3):312–321.



Caruso et al. Immunity & Ageing 2012, 9:5 Page 5 of 5
http://www.immunityageing.com/content/9/1/5
25. Vaupel JW, Carey JR, Christensen K, Johnson TE, Yashin AI, Holm NV, Iachine
IA, Kannisto V, Khazaeli AA, Liedo P, Longo VD, Zeng Y, Manton KG,
Curtsinger JW: Biodemographic trajectories of longevity. Science 1998,
280:855–860.

26. Terry DF, Wilcox MA, McCormick MA, Pennington JY, Schoenhofen EA,
Andersen SL, Perls TT: Lower all-cause, cardiovascular, and cancer
mortality in centenarians’ offspring. J Am Geriatr Soc 2004, 52:2074–2076.

27. Terry DF, McCormick M, Andersen S, Pennington J, Schoenhofen E, Palaima
E, Bausero M, Ogawa K, Perls TT, Asea A: Cardiovascular disease delay in
centenarian offspring: role of heat shock proteins. Ann N Y Acad Sci 2004,
1019:502–505.

28. Hekimi S: How genetic analysis tests theories of animal aging. Nat Genet
2006, 38:985–991.

29. Farrelly C: Has the time come to take on time itself?. BMJ 2008, 337:147–
148.

30. Olshansky SJ, Perry D, Miller RA, Butler RN: Pursuing the longevity
dividend: scientific goals for an aging world. Ann N Y Acad Sci 2007,
1114:11–13.

31. Terry DF, Sebastiani P, Andersen SL, Perls TT: Disentangling the roles of
disability and morbidity in survival to exceptional old age. Arch Intern
Med 2008, 168:277–283.

32. Bonafè M, Barbi C, Storci G, Salvioli S, Capri M, Olivieri F, Valensin S, Monti D,
Gonos ES, De Benedictis G, Franceschi C: What studies on human
longevity tell us about the risk for cancer in the oldest old: data and
hypotheses on the genetics and immunology of centenarians. Exp
Gerontol 2002, 37:1263–1271.

33. Slagboom PE, Droog S, Boomsma DI: Genetic determination of telomere
size in humans: a twin study of three age groups. Am J Hum Genet 1994,
55:876–882.

34. Beekman M, Nederstigt C, Suchiman HE, Kremer D, van der Breggen R,
Lakenberg N, Alemayehu WG, de Craen AJ, Westendorp RG, Boomsma DI,
de Geus EJ, Houwing-Duistermaat JJ, Heijmans BT, Slagboom PE: Genome-
wide association study (GWAS)-identified disease risk alleles do not
compromise human longevity. Proc Natl Acad Sci USA 2010, 107:18046–
18049.

35. Bergman A, Atzmon G, Ye K, MacCarthy T, Barzilai N: Buffering mechanisms
in aging: a systems approach toward uncovering the genetic component
of aging. PLoS Comput Biol 2007, 3:e170.

36. Novelli V, Viviani Anselmi C, Roncarati R, Guffanti G, Malovini A, Piluso G,
Puca AA: Lack of replication of genetic associations with human
longevity. Biogerontology 2008, 9:85–92.

37. Bulati M, Buffa S, Candore G, Caruso C, Dunn-Walters DK, Pellicanò M, Wu
YC, Colonna Romano G: B cells and immunosenescence: a focus on IgG
+IgD-CD27- (DN) B cells in aged humans. Ageing Res Rev 2011, 10:274–
284.

38. Colonna-Romano G, Buffa S, Bulati M, Candore G, Lio D, Pellicanò M, Vasto S,
Caruso C: B cells compartment in centenarian offspring and old people.
Curr Pharm Des 2010, 16:604–608.

39. Fraser GE: Diet as primordial prevention in Seventh-Day Adventists. Prev
Med 1999, 29:S18–S23.

40. Willett W: Lessons from dietary studies in Adventists and questions for
the future. Am J Clin Nutr 2003, 78:539S–543S.

41. Rizzo NS, Sabaté J, Jaceldo-Siegl K, Fraser GE: Vegetarian dietary patterns
are associated with a lower risk of metabolic syndrome: the adventist
health study 2. Diabetes Care 2011, 34:1225–1227.

doi:10.1186/1742-4933-9-5
Cite this article as: Caruso et al.: “Positive biology”: the centenarian
lesson. Immunity & Ageing 2012 9:5.
 Submit your next manuscript to BioMed Central

and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	The series

	Conclusion
	Authors&rsquo; contributions
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




