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ABSTRACT
The introduction of vaccination worldwide dramatically reduced the incidence of pathogenic bacterial and

viral diseases. Despite the highly successful vaccination strategies, the number of cases among vaccine
preventable diseases has increased in the last decade and several of those diseases are still endemic in
different countries. Here we discuss some epidemiological aspects and possible arguments that may

explain why ancient diseases such as, measles, polio, pertussis, diphtheria and tuberculosis are still with us.
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INTRODUCTION

Vaccination is still the most successful method to
prevent infectious diseases. Since the introduction
of public immunization against smallpox by Jenner
in the 18" century, vaccines have drastically
reduced the number of deaths caused by infectious
diseases. The best achievement of immunization
programs are the induction of long-term protection
against life-threatening consequences of infectious
disease. This is obtained by the generation of
protective immunity elected by antibodies and
antigen specific B and T cells, which lead to
protection. Despite global public health successes
of vaccines, to date, the only eradicated disease
is smallpox. Nevertheless, several other diseases
were eliminated, meaning it stopped circulating in
certain region of the globe, for example polio in the
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United States by the end of 70s and in Brazil by the
end of the 80’s (Albert et al. 2001, WHO 2014a).
There are several reasons that may explain
the permanence of certain diseases, preventing its
eradication. These reasons range from the rise of
more virulent clones that are resistant to vaccine-
induced immunization (Zakikhany and Efstratiou
2012, Mills et al. 2014), to more recent observations
in which parents choosenot to vaccinate their
children, due to concerns about vaccine safety.
All this contributed to the resurgence of certain
vaccine preventable diseases (Wolfe and Sharpe
2002, Godlee et al. 2011, History of vaccines
2014). In fact, anti-vaccination movements
exist since the first immunization campaigns.
Futhermore, public opinion may vary for several
reasons depending of cultural or religious points of
view. Controversies over the efficacy, safety, and
morality of compulsory immunization stem from
the longstanding tension between two, sometimes
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divergent, goals: to protect individual liberties and
safeguard the public’s health (Rodgers et al. 1993,
Parmet et al. 2005, Salmon and Omer 2006). In
addition, compromised vaccination in several war
areas, such as Syria (Aylward and Alwan 2014) and
Afghanistan (Rutter and Donaldson 2014) exposed
these populations to different disease burdens.
Furthermore, international travelling strongly
contributes to disease spreading worldwide: in this
scenario unvaccinated and immunocompromised
groups are at the highest risk, and also may work
as carries. For this reason, immunocompromised
people — HIV, elderly, transplanted and cancer
patients - should avoid travelling to endemic area,
such as western Africa or south Asia (India, Pakistan
and Afghanistan) where polio transmission still
occurs. As a rule, live vaccines should be avoided
in severely immunocompromised travelers due
to risk of dissemination. However, in special
circumstances, the use of inactivated vaccines
could be an alternative.

Elderly people are also particularly susceptible
to infections and therefore preventive vaccination
is crucial. However, this population presents
a lower ability to mount an effective immune
response to vaccination since both innate and
adaptive immune system functions are affected
by aging. Due to the increase of incidence of
pertussis in adults, vaccination against the disease
is strongly recommended in US for example.
Vaccination of the elderly remains the best strategy
to prevent infection, but is suboptimal because of
immunosenescence. Thus, lifelong vaccination
programs should be promoted in order to achieve
the herd immunity threshold, moving from the
current concept of childhood-based vaccination
to a more balanced lifelong vaccination schedules
(Lang and Aspinall 2012).

Polio, measles and pertussis (whooping cough)
arediseasesrelated withrecent outbreaks. Moreover,
tuberculosis and diphtheria remain observed
and are endemic in several areas of the globe.
Endemic diseases and outbreaks are particularly
threatening since the microbe can easily be spread
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by traveling residents and visitors. Furthermore,
unvaccinated people are vulnerable and may serve
as reservoirs, increasing the problem. Here, we will
focus on bacterial and viral diseases that, despite
high vaccination rates, are still endemic or have re-
emerged in the past decade.

MEASLES

Measles is a viral disease caused by members of the
genus Morbillivirus. The disease is preventable by
immunization with the measles, mumps and rubella
(MMR) vaccine.

Measles is a potentially deadly viral disease,
especially for unvaccinated children. It spreads
easily from person to person via droplets from the
nose, mouth or throat of infected people. Symptoms
include high fever, running nose, bloodshot eyes
and tiny white spots on the inside of the mouth
followed by a rash on the face and upper neck
and gradually spreading downwards. Most people
recover within 2-3 weeks, however measles can
cause serious complications, including blindness,
encephalitis, severe diarrhea, ear infection and
pneumonia, particularly in malnourished children
and people with reduced immunity (WHO 2014b).
Nowadays, because the disease has been absent
in several countries, the symptoms of measles are
not always easily identified by doctors and parents
leading to misidentification of cases.

Measles is endemic in several areas of the
globe (Fig. 1). In 2013, 194.139 cases of measles
were reported and 145.700 deaths documented
worldwide (WHO 2014c). The disease returned
in countries where it was considered eliminated.
In the US for example, 644 cases of measles were
reported in 2014, three times more than what was
observed in 2013. The majority of people who got
measles had not been vaccinated (CDC 2014a).
This is particularly frightening, because the disease
was considered eliminated since 2000. In Brazil,
cases of measles also increased reaching more than
200 cases in 2013 (Fig. 2A) (WHO 2014g).
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Measles global annual reported cases (2009-2013)
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Figure 1 - Measles global annual reported cases (2009-2013).
Countries are distributed by regions; data summarized from
WHO (2014) http://apps.who.int/immunization_monitoring/
globalsummary/timeseries/tsincidencemeasles.html

Several studies have reported associations
between measles antibody concentration and
HIV infection and exposure; for example, infants
born to HIV-infected women have lower levels
of measles-specific transplacental antibodies,
potentially leaving these infants at greater risk of
infection before they receive the scheduled measles
vaccination. Other reports have shown that HIV
infection is associated with greater severity of
measles disease, higher mortality and prolonged
measles virus shedding (Polonsky et al. 2015).

Most importantly, the increase of measles in
the US and other industrialized countries resulted
from anti-vaccination movements which started
16 years ago following the statements made by a
British doctor named Andrew Wakefield. Wakefield
associated the MMR vaccine with diseases such
as bowel disease and autism, arguing that the
vaccine had not been properly tested prior to being
used. Another argument of the anti-vaccination
groups was that thimerosal, a mercury-containing
compound used as a preservative in many vaccines,
was associated with autism, however these claims
were never proved (CDC 2014b, Williamson 1984,
Wakefield et al. 1998, Wakefield and Montgomery
2001, Hackett 2008, Betakova et al. 2013).

A Measles annual reported cases
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Figure 2 - Measles, pertussis and diphtheria annual reported
cases in Brazil (2003-2013). A, measles; B, pertussis; C,
diphtheria; data summarized from WHO (2014); http://apps.
who.int/immunization_monitoring/globalsummary
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Following the claims made by these doctors,
several groups of parents started a movement to
reduce vaccination, generating public confusion
and fear about vaccine safety. Additionally, some
religious groups refuse vaccination, increasing their
vulnerability to infectious that can spread quickly
(Salmon and Siegel 2001, Salmon and Omer 2006).
Even though, Wakefield’s publication was retracted
and evidences showed that he committed scientific
fraud and gained financial profit by falsifying data
(Godlee et al. 2011), the damage had already been
done.

Recently, a systematic investigation reviewed
more than 20.000 studies on adverse events of
vaccines used for routine immunization of children
from US (Maglione et al. 2014). The authors
concluded that some vaccines are associated with
adverse events; however these events are extremely
rare and must be weighed against the protective
benefits that vaccines provide. Adverse events,
such as, sore arm or allergic reactions are tracked.
Importantly, while all vaccines carry some small
level of risk, the dangers of the illness exceed by
far the dangers of the immunization (CDC 2014c,
Maglione et al. 2014).

Although a large number of studies have
demonstrated that there is no correlation between
MMR vaccine and autism, anti-vaccine movements
are still active and some parents are refusing to
vaccinate their children (Stratton et al. 2001,
Maltezou and Wicker 2013).

PoLIO

Poliomyelitis, infantile paralysis or simply polio is
a viral disease caused by a poliovirus. In most (90
to 95%) people, the infection causes no symptoms,
the remaining 5 to 10% present fever, diarrhea,
headache, vomiting, neck rigorousness and pains
in the arms and legs. The most severe cases of polio
lead to paralysis and death (WHO 2014d). In the
80’s polio affected around 350.000 people in 125
countries. At that time, the World Health Assembly
decided to launch the Global Polio Eradication
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Figure 3 - Polio global annual reported cases (2009-2014).
Countries are distributed by regions; data summarized
from WHO (2014); http://apps.who.int/immunization
monitoring/globalsummary; http://www.polioeradication.org/
dataandmonitoring/poliothisweek.aspx

Initiative. In 2000, there was a reduction of 99%
in the number of cases and in 2002 polio was
eliminated in 118 countries (WHO 2014a).

Despite the excellent progress to control
the disease spread, polio is still endemic in
Afghanistan, Nigeria and Pakistan (Fig. 3) (Owais
etal. 2013, WHO 2014d) alerting to the fact that the
maintenance of the circulating virus is a constant
threat to countries were polio was eliminated. In
these countries, since 2011, 770 individuals, mainly
young children, were paralyzed by polio (WHO
2014e). Nigeria and Pakistan have also exported
wild poliovirus to no fewer than 20 other countries,
affecting an additional 470 people (Rutter and
Donaldson 2014).

Religious objections may contribute to
endemic scenario in these countries. For example,
in Southern Afghanistan the local Taliban called
polio vaccination an American strategy to sterilize
Muslim populations. Resistance to vaccination has
even resulted in violent beatings and kidnappings
(Warraich 2009). Similar objections halted polio
vaccination campaigns in Nigeria years ago. In
2003, religious leaders in three different Nigerian
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states claimed that the vaccines were contaminated
with HIV, sterilization and cancer-causing agents,
despite tests confirming the vaccine’s safety
(Clements et al. 2006, Jegede 2007).

In 2013, a wild poliovirus spread from Pakistan
to Syria, where it caused a substantial outbreak in
the midst of civil war (Aylward and Alwan 2014).

Polio was considered eliminated in Syria 15
years ago, but now, because of defective child
immunization caused by the civil war, there is a high
risk that the disease could become endemic. Civil
war also makes the surveillance difficult, therefore,
several cases may be unaccounted for (Butler 2013;
Roberts 2014). Healthy authorities alert that this is
an emergency not just for Syria, where millions of
kids are at risk, but also for surrounding countries,
including Jordan, Lebanon, and Iraq, as refugees
pour across the borders (Rutter and Donaldson
2014, Roberts 2014). Inadequate surveillance
and suboptimal vaccination rates bring a real risk
outbreak. In addition, many cases of polio do not
present easily recognizable symptoms and, as a
result, an infected person can remain unnoticed and
spread the virus (Butler 2013).

Recent international spread of wild poliovirus
has created a particularly complex outbreak of
polio. Even though Europe is considered free of
polio since 2002, surprisingly it is now vulnerable
since poliovirus has re-emerged in Israel and
Syria. Most countries in Europe use inactivated
poliovirus vaccine (IPV) for immunization. IPV
protects against all polio strains and induces a high
level of individual protection, but it provides poor
gut immunity. An alternative to IPV is the oral
poliovirus vaccine (OPV), a weakened form of
the live virus that provides strong gut immunity. It
has been used for mass vaccinations and outbreak
control because it is effective, cheap and easy to
administer. However, in rare cases it can cause polio,
so polio-free countries prefer to use IPV, which
carries no such risk (Butler 2013). For that reason,
the US for example, uses [PV, while in Brazil both
vaccines are used for children vaccination (SBIM
2014).

Given the weaknesses in European polio
defenses, the extensive levels of travel between
Europe and Israel (42 infected people with no
symptoms) and the millions of refugees fleeing
Syria, there is a real risk of outbreaks in the
European Union (EU) (Butler 2013). To prevent
disease spreading, the new recommendations from
WHO recommends residents and long term visitors
to receive one dose of the vaccine (IPV or OPV)
between 4 weeks and 12 months before international
travel, and that those who are undertaking urgent
travel have one dose of polio vaccine at least by
the time of departure (Rutter and Donaldson 2014).

The international spread of wild poliovirus in
2014 is a public health emergency of international
concern that shows how the world is vulnerable.

PERTUSSIS

Pertussis is an acute respiratory tract infection
caused by Bordetella pertussis. Clinical
manifestations include fever and a cough illness
lasting at least 2 weeks with one of the following:
paroxysms of coughing, inspiratory “whoop,”
or posttussive vomiting, without other apparent
cause (WHO 2014f). The disease remains endemic
(Fig 4A) and life-threatening, especially for the
very young, mainly in unimmunized children in
developing countries, with significant morbidity
and mortality. In 2013, 136.036 cases and 89.000
deaths were reported. (WHO 2014f).

There are 2 types of vaccines against pertussis,
a whole cell (Pw) preparation which is composed
of inactivated bacterial whole-cell, and a subunit
vaccine also known as pertussis acellular (Pa),
that contains purified pertussis antigens such as
pertussis toxin and filamentous haemagglutinin
(FHA) (Witt et al. 2013; WHO 2014h). Both Pw
and Pa vaccines are mixed with diphtheria and
tetanus toxoids and absorbed in aluminum adjuvant
(DTP vaccine). Because of its toxicity, the Pw
preparation was discontinued in several countries
such as the UK and US, however in Brazil both Pw
and Pa remain on vaccine schedule (SBIM 2014).

An Acad Bras Cienc (2015) 87 (2 Suppl.)
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Although, considered safer, the Pa vaccine does not
induce a robust immune response as compared to
the Pw vaccine, since the effectiveness of acellular
vaccines in preventing typical whooping cough
ranges from 59% to 85%. It was demonstrated
that having a whole-cell vaccine as any part of the
vaccination series improved immunity (Sheridan et
al. 2012, Witt et al. 2013). In addition it was shown
that Pa may protect against the disease, but does
not prevent bacterial infection and transmission
(Warfel et al. 2013).

Pertussis incidence increased dramatically in
US, Australia and UK (Fig. 4B) (CDC 2014e, WHO
2014g).This re-emergence was also observed in
Brazil where more than 5000 cases were reported in
2013 (Fig. 2B). It remains unclear why is pertussis
incidence rising in different countries worldwide.
Several considerations could explain the reason
for this phenomenon. One strong argument is
that the switch from Pw to Pa in the mid-1990s
reduced the vaccine efficacy. Another possibility is
that antigenic variation of circulating B. pertussis
strains decrease protection against antigens used
in the Pa vaccine. Alternatively, it is possible that
Pa does not include the combination of B. pertussis
components required to induce the appropriate
antigen-specific immune responses that mediate
protection (Mills et al 2014). In addition, the
immunity generated by pertussis natural infection
or by the vaccine is not long-term (Guiso 2014).
Furthermore, reduction in vaccination rates against
pertussis may also contribute to disease burden
(Gangarosa et al. 1998, Baker 2003).

It is important to point out that the diagnosis
of B. pertussis is particularly difficult. The bacteria
can be isolated in a small period of time (catahral
stage) during the course of the disease, plus the
microbe is only found in the nasopharynges
making the clinical specimen recovery challenging
for unprepared staff. Besides that, the disease
incidence is increasing not only in children, but
also in adults and adolescents that sometimes do
not present the classical disease symptoms (Clark
2014, Hartzell and Blaylock 2014). Altogether,
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Figure 4 - Pertussis global annual cases. A, annual cases in
the world (2009-2013), countries are distributed by regions; B,
pertussis cases in the US, Australia and UK (1980-2013); data
summarized from WHO (2014) and CDC (2014); http://apps.
who.int/immunization_monitoring/globalsummary; http://
www.cdc.gov/pertussis/outbreaks/trends.html

these factors may contribute to the misdiagnosis of
pertussis in several areas, including Brazil.

Disease surveillance, with standardized,
biological diagnostic methods, is required. Such
diagnosis must be both sensitive and specific. In
addition, improvement of the vaccine to induce
long-term immunity is urgent (Melvin et al. 2014,
Guiso 2014, Burns et al. 2014).

DIPHTHERIA

Diphtheria is an infection of the upper respiratory
tract caused by Corynebacterium diphtheriae.
Besides the throat, the microbe may be isolated
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from leishmaniotic ulcers, and other atypical body
sites, such as the ears, conjunctiva, vagina, sperm,
heart valves and in cancer patient lesions (Mattos-
Guaraldi et al. 2003, 2011, Mishra et al. 2005,
Gomes et al. 2009, Ganeshalingham et al. 2012,
Berger et al. 2013).

The major virulence factor of C. diphtheriae
is the diphtheria toxin, a potent molecule of 58kDa
witch a systemic effect lead to protein synthesis
inhibition and cell death, especially in high
perfusion organs. The vaccine formulation contains
inactivated toxin (toxoid) adsorbed on aluminum
hydroxide and conserved with thimerosal (NNii
2014). Between 1920 and 1950, widespread
vaccination was implemented across Western
Europe, Russia and North America resulting in
a significant reduction of diphtheria incidence,
and the onset of World War Il coincided with
the last diphtheria pandemic in western civilized
countries. In Brazil, the disease incidence dropped
gradually since the 80’s, but it is still endemic (Fig.
2C) (Mattos-Guaraldi et al. 2003, WHO 2014g).
As a consequence of these widely implemented
vaccination programs, global diphtheria incidence
declined approximately 70% between 1970 and
1980 (Rappuoli et al. 2014, Ganeshalingham et al.
2012).

Despite the successful immunization program
against diphtheria, the disease returned massively
in the 1990s with more than 150,000 cases and
around 4000 deaths (1990-1998) in the Russian
Federation and the newly independent States of the
former Soviet Union (Galazka 2000, Zakikhany
and Efstratiou 2012). Many factors contributed to
the 1990s epidemic, including reduced vaccination
coverage, increased adult susceptibility, large
population movements and lack of adequate
treatment and prevention (Zakikhany and Efstratiou
2012).

Despite the implementation of widespread
immunization, diphtheria remains endemic in some
regions such as southeast Asia, with more than
3.750 cases reported in 2010 (WHO 2014k).

Although vaccination protects against toxin
tissue damage, it does not prevent colonization or
infection by the bacteria, thus immunized people
may get ill or become asymptomatic carriers. The
effectiveness of toxoid vaccination varies from
45% to 90%. It remains unclear however, why
vaccinated people develop the disease. Some
authors argue that mutations in the toxin gene
reduce the effectiveness of the vaccine and that
the genetic diversity of C. diphtheriae favors the
emergence of outbreaks. It is possible that epidemic
clones, different from the strain of C. diphtheriae
biovar. mitis Park-Williams (PWS), which is used
in the production of the vaccine are not sensitive
to vaccine induced immune response. In addition,
the increased number of diseases caused by non-
toxin producer C. dipthehriae alert to the necessity
of studies for the development of more complete
or alternative vaccine formulation (Wagner et al.
2012, Zakikhany and Efstratiou 2012, Zasada
2013).

Due to the high degree of susceptibility of
children to diphtheria, vaccination at an early
age is universally recommended (Fredlund et al.
2011). However, the concentration of protective
antibodies by the age of 14 years old is 50% lower
than what is observed in younger children, and in
adults protective antibodies decreases around 10%
per year, therefore the development of new and
better vaccines is necessary mainly for the elderly
population. The second population with a high need
of vaccines is adolescents (Rappuoli et al. 2014).
For this reason, many countries, including Brazil,
recommends booster doses of the vaccine every
10 years (SBIM 2014). Studies showed that to
prevent disease outbreaks, it is necessary that 90%
of children and 75% of adults exhibit satisfactory
levels of antitoxin antibodies, i.e., 0.01 IU / mL of
serum circulating antitoxin (Damasco et al. 2005,
Pimenta et al. 2006).

Thus, more effective immunization strategies
are necessary, aimed at all ages, ethnic and social
groups. National and international serological
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studies have highlighted a reduction in the immunity
of adults (Pimenta et al. 2006, Sears et al. 2012).

However, even with the visible progress in
global public health, there are still many reports
arising from lack of vaccination. In Pakistan,
an endemic zone, the general conception about
diphtheria among the population is that it is a
childhood disease (Faryal et al. 2013).

However, the circulation of toxigenic strains
is still observed in all parts of the world, posing a
constant threat to the population with low levels of
seroprotection, and the occurrence of diphtheria is
characterized by periodicity and epidemic waves,
with a high incidence and mortality (Zakikhany
and Efstratiou 2012).

Furthermore, toxigenic C. diphtheriae
isolated from unusual non-respiratory sites, such
as, urethritis involving toxigenic C. diphtheria
transmitted by orogenital contact (Berger et al.
2013), may result in unusual manifestations of
diphtheria-like disease. Thus, prompt subsequent
public health actions are necessary.

TUBERCULOSIS

Tuberculosis (TB)isachronic lowerrespiratory tract
infection caused by Mycobacterium tuberculosis
(Mtb). Besides the lungs, Mtb may achieve other
organs, generating a wide range of clinical disease
manifestations (Golden and Vikram 2005, Pfyffer
and Palicova 2011). Despite the fact that TB is a
threat to humans since antiquity, and one of the
major causes of morbidity and mortality worldwide
for centuries, there is neither effective vaccine nor
treatment to stop the ongoing pandemic. In 2013,
an estimated 9.0 million people developed TB and
1.5 million died from the disease (WHO 20141).
In 1993, WHO declared tuberculosis a global
emergency.

Mtb is an intracellular microbe that infects
alveolar macrophages. Approximately 70% of
Mtb-exposed individuals will clear the bacteria,
some will develop the disease and most of them
will develop latent TB or non-clinical TB, where
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the bacteria remains physiologically inactive or
dormant in the host (Cayabyab et al. 2012).

Latency is established by tuberculous
granuloma formation, composed of a large number
of immune cells - such as epithelial macrophages,
neutrophils, T and B cells - which, altogether with
a fibrous cuff, restrain Mtb from spreading. Only a
fraction (5-10%) of latently infected hosts develop
TB and can potentially infect new hosts (Barry et
al. 2009). Latent TB is quite difficult to diagnose
and according to the Centers for Disease Control
and Prevention (CDC), one third of the world’s
population is infected with Mtb (CDC 2014d).

Reactivation of the latency is associated
with changes in host’s immune response and it
is particularly threating for patients with some
immunodeficiency. HIV infected individuals for
example are more susceptible to developing latent
TB reactivation in 20- to 37-fold, suggesting that the
HIV pandemic may contributes to the maintenance
of TB worldwide (Getahun et al. 2010). TB is
the main cause of death in HIV patients (~29%)
(Pawlowski et al. 2012).

Additionally, the augmenting number of cases
of TB caused by multidrug-resistant (MDR-TB)
and extremely drug-resistant (XDR-TB) Mtb also
contributes to disease burden. MDR-TB is defined
as resistance to, at least, isoniazid and rifampicin
among first-line drugs, while XDR-TB refers
to MDR-TB with additional resistance to, any
fluoroquinolone and at least one of three second-
line injectable drugs (i.e. capreomycin, kanamycin
and amikacin). Their development is mainly
associated with inadequate and inappropriate use of
antimicrobial therapy (WHO 2014;j). Globally, the
proportion of new cases with MDR-TB was 3.5% in
2013 and has not changed in recent years. However,
some countries (especially in Eastern Europe and
the Russian Federation) are experiencing serious
MDR-TB epidemics. This translates into an
estimated 480.000 people having developed MDR-
TB in 2013. On average, an estimated 9.0% of them
had XDR-TB. (WHO 2014j).
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Social marginalization is often responsible
for limited access to health services leading to
diagnostic delay, clinical worsening and poor
adherence to treatment, and eventually to a less
favourable outcome (Sulis et al. 2014). Therefore,
poverty is not only one of the major causes of
MDR-TB, but it is also one of the great barriers to
treatment, making MDR-TB a huge challenge on
TB eradication.

Recent observations suggest that environmen-
tal tobacco smoke (ETS) is a risk factor for TB.
Smoking leads to faster and more severe progres-
sion of tuberculosis, but it is still unclear if the ciga-
rette smoke (CS) compromises anti-TB immunity,
increases Mtb transmission or both (Altet-Gomez
et al. 2005, Chan et al. 2014, Davies et al. 2006). In
addition, passive smoking seems to be an important
risk factor for TB especially in children (Lin et al.
2007).

Although drugs and diagnostic tests have an
essential place in disease control, the best way to
control any infectious disease is through preventive
vaccination, however, the current vaccine, bacillus
Calmette-Guerin (BCQ), is far from adequate.

The main limitation of BCG is that it confers
limited and highly variable levels of protection
against pulmonary disease. Because of its side
effects, BCG was removed from the vaccination
schedule in several countries, such as US and
Australia. Nevertheless, when administered at birth,
BCG protects against severe disease, particularly
tuberculous meningitis, in the first decade of life
(Nunes-Alves et al. 2014). That is particularly
important in countries where the disease is endemic,
such as in Brazil.

The BCG vaccine, is generally contraindicated
at all levels of immunosuppression. Severe
adverse effects of BCG vaccination are extremely
rare in immunocompetent children however
immunocompromised hosts such as HIV-
infected individuals or those suffering a primary
immunodeficiency tend to be unresponsive to
treatment. Thus, BCG vaccination should be delayed
when a primary immunodeficiency is suspected

and/or a newborn has a family history of primary
immunodeficiency. Primary immunodeficiency
such as IL-12/IFN-y axis defects, granulomatous
disease, severe combined immunodeficiencies
(SCID) and idiopathic CD4 lymphopenia, increase
the susceptibility of individuals to mycobacterial
infections (Santos et al. 2010).

Hence, current strategies involve incorporating
BCG into a new vaccine regimen, either by boosting
BCG with subunit vaccines comprising either
protein-adjuvant combinations or recombinant
viral vectors (Aagaard et al. 2011; McShane et al.
2004) by developing genetically improved, safer,
more effective strains of BCG or by attenuating
Mtb strains (Martin et al. 2006). Ultimately, the
best vaccine must find a solution to the problem of
latency and immune evasion which is fundamental
to destroy hidden Mtbh within the population and,
therefore, critical for TB eradication (Cayabyab et
al. 2012).

The emergence of MDR-, XDR and now totally
drug- resistant Mtb strains, the HIV epidemic and
the lack of efficient vaccine for adults may explain
why TB still epidemic.

CONCLUSION

Despite the efforts of global health organizations,
several areas of the world are facing serious
challenges, such as wars, poverty; inexistent
infrastructures for vaccine manufacturing or
difficulties in receiving imported vaccines.
Additionally, the increase in the number of cases
of vaccine preventable diseases is not restricted to
poor countries or the ones in war. Economically
developed and healthy sustainable countries, such
as Canada, US and Australia are also experiencing
the resurgence of diseases that were considered
eliminated.

Although most of the current vaccines are
effective, researchers are developing ways to
increase the effectiveness of vaccine formulations,
to innovate delivery systems, reduce the cost and
develop better methods for vaccine conservation
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to prevent degradation. In addition, new vaccines
are urgently needed for several other diseases,
such as HIV/AIDS, dengue, ebola, malaria and
leishmaniasis.

Vaccines are still the best way to prevent
catastrophic infectious diseases. The maintenance
of high vaccination coverage rates is necessary to
eradicate vaccine-preventable diseases globally.
Importantly, vaccination brings benefits to
individuals, once it protects the person that has
been vaccinated, and helps to protect vulnerable
members of the population who cannot receive all
vaccines, such as immunocompromised and the

very young.
RESUMO

A introdu¢do da vacinagdo no mundo reduziu
drasticamente a incidéncia de doengas causadas por
bactérias ¢ virus patogénicos. Apesar das estratégias
de vacinacdo de grande sucesso, o numero de casos
de doengas que podem ser prevenidas por vacinas tem
aumentado na ultima década e algumas destas doengas
permanecem endémicas em diferentes paises. Aqui
discutimos alguns aspectos epidemioldgicos e possiveis
argumentos que possam explicar porque doencas da
antiguidade como, sarampo, polio, coqueluche, difteria
e tuberculose, permanecem entre nos.

Palavras-chave: difteria, sarampo, coqueluche, polio,
tuberculose, vacina.
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