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Abstract

The use of safe and effective vaccines is a well-established public health intervention, with a major impact on the fall in the prevalence of infectious diseases. In the
absence of environmental transmission, vaccines do not work for life, as originally detected. This has now generated the occurrence of vaccinated susceptible people,
which allows the importation of diseases, since vaccination coverage does not equate to population immunity. The serological control of the vaccination status and the
protection of a population is essential, and its execution is not friendly due to the blood collection necessary for the tests. In these assays, the specific IgG for the vaccine
agent is quantified, it would be important to detect IgA as well. This is an immunoglobulin secreted for mucous membranes that neutralizes or directs the agent to non-
permissive neutrophils, it is very important in vaccine protection, but difficult to detect and quantify. Saliva can be a friendly alternative material as a source of IgA and IgG
for use in conventional tests and its obtainment is not invasive, facilitating the acceptance of these studies in protected groups. We standardized assays with detection of
antibodies in solid phase, to prospect for effective vaccine coverage in adolescents using saliva as a biological fluid. Once established and standardized, these techniques
will allow for eventual vaccine control without the need for aversive blood collection, adequate public health measures, such as revaccination, can be adequately planned.

Despite this progress, vaccine-preventable diseases
continue to be a major cause of morbidity and mortality.
Adoption of new vaccines by low- and middle-income countries

Introduction

The use of safe and effective vaccines is a well-established

and cost-effective public health intervention in the past three
decades and has a major impact on the prevalence of infectious
diseases. Each year, vaccines prevent more than three million
deaths, consolidating success in preventing infectious diseases
each year [1].

According to the State of the World’s Vaccines and
Immunization report [2], “Vaccination - even with the
addition of new, more expensive vaccines - remains one of
the most cost-effective health interventions”. The publication
notes that more children are reached with the immunization
of one hundred million children per year in the period 2005-
2007, approximately. And the benefits of immunization are
increasingly extended to adolescents and adults, providing
protection against potentially fatal diseases, such as influenza,
meningitis and cancers that occur in adulthood [3].

has been slower than in high-income countries.The vision
for the “Vaccine Decade (2011-2020)” is of a world where all
individuals and communities can enjoy a life free of vaccine-
preventable diseases. This mission has the central objective of
expanding, until 2020, the full benefit of immunization for all
people, regardless of where they are born, live or who they are.
This vision of a world without diseases protected by vaccines is
a utopia, but even so, we have to try to achieve the unattainable.

Some authors have demonstrated that there may be a lack
of response to the vaccine, called primary vaccine failure (FVP),
in about 2% to 5% for measles, 3% to 7% for mumps and 2%
to 5% for rubella [4,5). Among the main causes of PVF are the
presence of maternal antibodies and the improper conditions
of the vaccine (handling, administration, cold chain). It has
also been shown that secondary vaccine failure (FVS) can
occur, which is the drop in antibody levels, which over time
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can reach levels so low or undetectable that they do not provide
more protection. These studies have observed that the levels
of antibodies after vaccination are lower than after natural
infection [6,7].

For these reasons, even with an effective immunization
program in a child population, birth and the vaccination
period can generate susceptible after a few years; therefore,
vaccination coverage may not be equivalent to population
immunity [8]. During the past few decades, the triple viral
vaccine has been introduced into immunization policy in
several countries. In order to have a good immunization,
two doses are recommended, the first at 12-15 months of age
and the second at 4-6 years of age, in order to cover possible
vaccine failures [9].

The vaccination process is the most effective public
health intervention in the control of infectious diseases. The
detection of the presence of specific IgG antibodies in serum
has numerous medical uses, whether in detecting contact
with infectious agents, such as in human toxoplasmosis or in
demonstrating vaccine efficiency for some diseases such as
measles, mumps and rubella.

Normally, serological studies have used blood collection,
through classic needle puncture with serum production or
whole blood collections using a lancet and on filter paper. The
two materials, with different degrees of purity, are sources
of specific IgG, detected by tests of different sensitivities and
specificities standardizes the amount of IgG captured and allows
for the improvement of assays and even possible fluorescent
multiplexed assays. In previous trials, we noticed a great
resistance from the school community and their families in the
process of voluntary blood or saliva collection, remembering
that due to the age of the adolescents, parents would have
to authorize the collection and, later, students would have to
authorize the collection also by the Term of Assent.

In this work, we developed methods of greater efficiency
and sensitivity in the detection of specific IgG against various
agents, such as measles, mumps and rubella, with adequate
standardization and quality control.

The set of these actions will allow non-invasive studies
of vaccinated young populations, of lower cost and using
techniques from already validated methods, resulting in a
study of incidence monitoring and the evaluation of vaccination
efficiency by the triple viral vaccine, after ten years of the
initial immunization.

Material and methods
Studied population

The population of this study was considered children and
university students regularly enrolled in the teaching centers
of Sdao Paulo, affiliated with our project, in the age group of
ten to fourteen years for students of elementary school II and
eighteen to twenty years for university students.

Our population consisted of 90 students’ saliva, 50 positive
samples and 40 negative samples.
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The choice of age groups is based on the assumption that
everyone is vaccinated and can correlate whether or not there
is a decrease in antibody titers over the years.

To control our tests, serum samples from infants between
eight and twelve months of age were selected, provided by the
Instituto da Crianga laboratory - HCFMUSP, which would be
discarded by the institute.

Previous visits to the exhibition were held to clarify the
project with students, teachers, coordinators, principals, the
Midwestern Board of Education and legal guardians of minors.
After clarifying the project, the Informed Consent were given
to the students for study consent and we left an open channel
for clarification with those responsible in case of any doubts
regarding the intervention (saliva collection).

All volunteers brought the Informed Consent, containing
all the procedures to be developed, according to Resolution
GCP-ICH, which regulates research involving human
beings. All minor volunteers received the Term of Assent.
It is worth mentioning that this study was submitted to the
Research Ethics Committee and approved under process No.
23109613.1.0000.0065.

Viral antigens

Recombinant antigens from measles virus nucleocapsid
(Priorix 60kDa) of the Schwartz viral strain, the rubella virus
capsid (35kDa) and the surface protein of the wild type mumps
virus of the Gloucester lineage (66 KDa) were obtained from
. ABCAM® (Eugene, Mass., USA). All of those antigens were
labelled with biotinamido hexanoic acid hydroxysuccinimide
according supplier protocol (B2643- Sigma Chem Co. St
Louis USA), and purified on BioGel P2 molecular exclusion
chromatography on AKTA liquid chromatography system. The
labelled products had 4- 6 biotin residues added to the protein
and were adjusted to 0.1 ug/ml in phosphate buffered saline
0,02M pH 7.5 containing Bovine serum albumin 1 mg/ml and
Tween 20 0.02% (PBSTA).

High protein binding certified 96 microplates were
adsorbed with 1 ug staphylococcal Protein A in carbonate
buffer 0.1M pH9.0 overnight at 4° C. Eventual free binding sites
were blocked with PBSTA for additional 4 hs incubation. All
subsequent steps were followed by 5 washings with PBSTA.
IgG containing samples were adequately diluted in PBSTA and
reacted to the wells for protein A IgG capture by 1 h at 37° C
in humid chamber. The wells were reacted with biotinylated
antigen by 1 h at 37° C in humid chamber, and avidin-peroxidase
complex (ABC) 0.1 ug/ml added and incubated by 1 h at 37° C
in humid chamber. Finally, peroxidase of bound complex was
detected using TMB commercial reagent by 30 min and the
reaction stopped by HCl 4N addition.

Results

Protein A capture ELISA was initially standardized with
sera previously defined as positive and negative, paired with
saliva as demonstrated by Sampaio and collaborators. This
immunological technique is based on the fact that the antibodies
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bind to protein A by the Fc portion, previously adsorbed on
the solid support, exposing the Fab fractions. After washing,
the complex formed by protein A and IgG allows the binding
of the antigen it presents biotin and this allows the posterior
binding of the avidin-peroxidase complex and development by
commercial TMB.

The reaction was carried out as described in Methods with
plates adsorbed with 5ug / ml of Protein A. Then, the samples
were incubated with biotinylated antigen at the concentration
defined in the previous section, washed and finally reacted
with avidin-peroxidase complex. For the development of the
peroxidase bound to the complex on the solid support, we
used high sensitivity commercial TMB. We work with intratest
controls in all reactions, in which no reaction was presented
with the samples. The ELISA reaction captures Protein A for
previously known saliva were tested in the same manner as
described above.

For measles, as seen in Figure 1, we note a clear
discrimination between positive (50) and negative (40) saliva
for measles antigen. The sensitivity of the assay was 98% (95%
CI 89-99%) and the specificity was 91% (95% CI 79-96%)
which was excellent, although some false positives (1) and false
negatives (4) have occurred.

This fact can be explained by the decrease in memory
antibody titers throughout life, as seen in Figure 1.

For the mumps antigen, as we can see in Figure 2, the
reactivity of positives was less intense, although with clear
discrimination between positives and negatives. Using the cut-
off of two standard deviations, there was a greater number of
false negatives (10), but without false positives, which resulted
in 100% sensitivity (95% CI 91-100%) and 80% specificity (95
CI % 67-89%). This fact is related to a lower intensity of the
reaction and perhaps to a less efficient response quantitatively
to the vaccine, since the criterion of positivity was that of a
young adult with complete childhood vaccination.

For the rubella virus antigen, we can see the result of our
assay in Figure 3, in which we note that the populations were
again clearly distinguished by the assay, albeit with a greater
background of positivity and interbreeding. The negative
reactions of vaccinated adults may have been caused by the loss
of antibodies produced by a less lasting immunization despite
the previous vaccination. The test had a sensitivity of 95% (I.C.
95% 85-99%) and a specificity of 83% (I.C. 95% 69-91%). The
finding of false positives in the fraction of negative pools could
be explained by the cross reaction with other viral antigens
occurring in this age group.

After proving a sensitivity and specificity for our test using
saliva as a biological fluid, for all antigens against the triple
viral vaccine, we went to evaluate the efficiency of our Protein A
capture assay and development with biotinylated antigens, we
carried out reproducibility test, as observed Next. The samples
were re-tested at different days and times, using a different
avidin-peroxidase preparation. As seen in Figure 4, there is an
excellent correlation between the tests with a high correlation.
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Figure 1: Results of the Protein A - Measles capture ELISA immunoenzymatic test

for previously known saliva samples..
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Figure 2: Results of the Protein A - Mumps capture ELISA immunoenzymatic test.
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Figure 3: Results of the Protein A - Rubella capture ELISA immunoenzymatic test for
previously known serum samples.

Discussion

A study carried out in Finland showed that antibodies
induced by the MMR vaccine decrease significantly after
the second dose, according to epidemiological data from the
country. The protection induced by this vaccine seems to persist
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Figure 4: ELISA reproducibility test Capture Protein A for the three antigens studied. Two independent reactions were run at different days and different microplates and

reagents, using the same dilution of saliva sample. Antigens: A- Measles, B- Mumps and C- Rubella. Line represents estimated linear regression curve using Pearson
correlation, and r2 and statistical significance are inserted each graph. Broken line represents the 95% confidence interval of the estimation.

at least until the beginning of adulthood, however the situation
requires constant surveillance [10]. There is a progressive
drop in the mean serum antibody titers after fifteen years of
the second dose of the triple viral vaccine, with a greater drop
in positivity in mumps viruses, but significant in the other
viruses.

Antibodies against measles, mumps and rubella decrease
about 3% per year, on average, and show a high degree
of individual variation. The rate of antibody decay varies
substantially between individuals and between the three
groups of antigens present in the MMR vaccine, however the
rate of decline together with high variation was observed with
more proportions for mumps [11].

Prevalence studies of antibodies against measles, mumps
and rubella are not only interested in measuring the proportion
of the immune population, but provide data that support the
new immunization strategies to be introduced to control
eventual vaccine failures and predict the occurrence epidemic
outbreaks, as they have been frequent in our country.

Thus, developing diagnostic tests that facilitate the
surveillance of the vaccine protection of the population is
essential for us to avoid possible outbreaks.

Since protein A has a molecular weight of 41KDa and binds to
the solid substrate through a bond, it allows two IgG molecules
to bind to the substrate and expose four FABs. Thus, a 10ng
binding of protein A results in a 9ong binding of IgG to the
plate, increasing the absorption of the solid support by almost
ten times. Several other chemical methods have been used to
adhere to IgG directly to solid supports, such as those used in
plasmon resonance and other detection methods [12], but the
capture proposed in this study provides comparatively more
FABs for specific detection, which seems ideal for detection of
Specific IgG and does not capture antigens by monoclonal.

Our data was equally efficient and reproducible for all
antigens. Initially, the assays were tested with sera, which has
an excess of IgG, while the amount of IgG in saliva is much
lower [13]. which could interfere with the result. As expected,
the IgG reactivity of saliva was very similar to the reactivity
of serum IgG, as shown in all of our assays. This result was

certainly directly related to the use of Protein A capture in the
solid support, which standardized the supply of IgG for reaction
with the biotinylated antigen.

There are many references reporting the detection of
antibodies in saliva, reviewed by various groups [14,15], but
saliva is used in an imprecise way in qualitative tests and not
in our quantitative approach, which used the capture of IgG by
Protein A.

Saliva was used for the detection of population immunity in
the detection of IgG against measles, rubella and hepatitis C in
2001, but the assay involved the direct reaction of the oral fluid
in a commercial ELISA, without the capture of IgG [16], which
resulted in great proportion of false negatives, above 50% for
hepatitis C.

The IgG capture approach, in addition to ensuring a uniform
amount of IgG, also decreased the risk of competition with
other more frequent immunoglobulins in saliva, such as IgA,
which could cooperate with false negative results by blocking
the IgG reaction in the presence large titers of specific IgA.
Antibody competition was mentioned by authors, who worked
with dengue serology on various biological materials [17].

Our data showed several important aspects of vaccination
by the triple viral virus. Most importantly, measles vaccination
coverage in our group is relatively maintained, while rubella
and mumps protection is less durable with a significant
“susceptible” fraction, which would explain the recent
outbreaks of these viruses in our environment, in addition
to the need for additional vaccine doses in adolescence, an
important sanitary measure for the prevention of congenital
rubella [18].

Our data corroborate some reports in the literature of
preferential loss of immunity against mumps and rubella,
before loss to measles. There are different mumps viruses
among vaccines with different degrees of efficiency [19]. The
worldwide market for triple viral vaccine is controlled by
commercial companies and few quality control work has been
carried out. In a recent review, Plotkin comments on several
aspects of the concomitant immunogenicity of viral infections
preventable by MMR. There is a correlation between antibodies
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and protection against measles and rubella, but few studies
have been done with mumps and, even in this review, there are
no reports of efficiency tests for this vaccine [20].

Our studies show that there may be a shorter duration of
protection against the two less dominant viruses (rubella and
mumps) in our population and the explanation is complex for
this fact. The measles virus, in a natural infection, induces
a great immunosuppression of the host, as assessed by the
histology of the lung in children [21]. The measles vaccine
appears to affect vaccine immunity, but apparently in the
opposite direction, it increases resistance to infections. It
is interesting to note that the disappearance of immunity is
reported only in two secondary vaccine viruses [22], such as
that found in our population.

There are no reports of constant quality control over the
commercial preparation of the vaccine and it may be that there
may be more environmental resistance from the measles virus,
since it was only systematically isolated from the vaccine
preparations determined here, in an empirical and anecdotal
way. So, it is not unexpected to lose immunity to secondary
vaccine viruses, both due to the supremacy of the measles virus
and the evident absence of prospective long-term studies, but
short-term reports have already demonstrated this problem
[23]. The need for prevention of congenital rubella syndrome
has been the main concern and obliged to recommend
revaccination in adolescence with the triple viral [22], as has
been done in our state.

Resurgent outbreaks of vaccine-preventable diseases that
have been controlled or eliminated have been observed in many
contexts.

Vaccination campaigns can prevent or even control
outbreaks, but they must be worked with considerable
certainty, since surveillance, in real time, can provide valuable
information about the population at risk and what would be the
main vaccination targets to block possible outbreaks . However,
we run into preventive diagnostic limitations, since the ideal
would be to confirm the immune status of each individual,
before an unnecessary revaccination [24].

Our approach was efficient in all aspects, from the collection
and use of saliva. With this, we were able to develop reliable
tests to determine the vaccine protection of students and to
prevent possible outbreaks. However, in order to establish
this technique as the gold standard for checking vaccinations
in children and adolescents, we need to increase the sample
number.

It is important to recognize the possibility of recurrent
outbreaks and epidemics in this post-elimination phase and
|/ or increased population immunity due to vaccination, with
the need to prepare a sensitive surveillance system for a more
effective blocking response.

Conclusion

The use of saliva allowed to determine the prevalence of
antibodies against the viruses of the triple viral vaccine in

3

students in the city of Sdao Paulo, however more studies with
populations of different age groups and in the long term are
of fundamental importance to understand how the immune
memory behaves over time in a population with vaccination
rates above 90%.
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