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The resurgence of mumps and pertussis

Martine Sabbea and Corinne Vandermeulenb

aService of Epidemiology of Infectious Diseases, Department of Public Health and Surveillance, Scientific Institute of Public Health, Brussels, Belgium;
bKU Leuven – University of Leuven, Department of Pharmaceutical and Pharmacological Sciences, Leuven University Vaccinology Center (LUVAC),
Leuven, Belgium

ARTICLE HISTORY
Received 8 October 2015
Accepted 22 October 2015

ABSTRACT
Vaccines and extended vaccination programs have had an extensive impact on morbidity and mortality
rates due to infectious diseases. Because of the continuous and extensive use of vaccines in industrialized
countries, many infectious diseases such as poliomyelitis, diphtheria and measles have been reduced to
near-extinction. However, in recent years, many countries including the United States of America, the
United Kingdom and Belgium, have been confronted with a resurgence of mumps and pertussis, despite
high vaccination coverage for both vaccines. In this commentary, possible causes of this resurgence will
be discussed, such as the occurrence of adapted microbes, failure to vaccinate and primary and secondary
vaccine failure. Additional research of the immunological mechanisms is clearly needed to support the
development of possible new and more immunogenic vaccines against mumps and pertussis. Meanwhile,
extensive vaccination campaigns with both vaccines remain necessary.
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Introduction

Vaccines are very effective preventive tools, developed to pro-
tect humans and animals against disease. The public health
importance of vaccination cannot be overestimated, since it is
the only effective preventive measure, besides clean water and
sanitation, which was able to substantially reduce morbidity
and mortality of infectious diseases. Vaccines not only protect
the immunized but thanks to the development of herd immu-
nity at a population level, they can also influence the epidemiol-
ogy of infectious diseases and respective causative microbial
agents. Evidence for this is the absence or near elimination of
some important infectious diseases such as smallpox, diphthe-
ria, poliomyelitis, measles and rubella.

Large-scale vaccination campaigns against mumps and per-
tussis (whooping cough) have had a major impact on disease
incidence in industrialized countries.1,2 But since a decade,
countries with high vaccination coverage for measles-mumps-
rubella (MMR) vaccine and pertussis-containing vaccines,
including the United States of America, the United Kingdom
and Belgium, are witnessing a resurgence in the number of
cases of mumps and pertussis.3-7

In Belgium, the MMR vaccine was added to the childhood
vaccination schedule at 15 months of age in 1985 when the
combined measles-mumps-rubella (MMR) vaccine was intro-
duced. In 1995, a second dose of MMR vaccine was added for
boys and girls at the age of 10–11 y and substituted the rubella
vaccination for girls.8 Despite achieving a high MMR vaccina-
tion coverage, Belgium faced an epidemic of mumps in a popu-
lation of students in 2011, spreading from the Netherlands and

then followed by a more extensive epidemic in the general pop-
ulation from 2012 until the end of 2013 (Fig. 1).4

Since 1998, pertussis cases have been increasing in Belgium
compared to the previous years with a further significant
increase since 2012 (Fig. 2).9,10 Originally, the whole cell pertus-
sis vaccine was used worldwide for the vaccination of infants
and toddlers up to the age of 2 y. Due to side effects such as col-
lapse, high fever and persistent crying, pertussis vaccination
was discontinued in several countries and lead to a flare-up of
the disease in Japan, the United Kingdom and Sweden.11 This
lead to the development of an acellular pertussis vaccine, which
was systematically implemented as a primary vaccination in
industrialized countries.2 In Belgium, acellular pertussis vaccine
was introduced in 2001 and a booster dose was added for 6-
year-olds in 2004. Responding to the local epidemiology, a
booster vaccination in adolescents (14–15 years) was intro-
duced in 2009.12 Finally, since 2013, pertussis vaccination of
pregnant women is recommended.13

This article provides an overview of possible causes of the
resurgence of mumps and pertussis, and the importance of in-
depth and concerted research when, despite high vaccination
coverage, outbreaks of vaccine-preventable diseases emerge.

Genetic modification of the mumps virus and
pertussis bacterium

The current mumps and pertussis vaccines have been devel-
oped in the 1950–60s. However, mumps viruses and pertussis
bacteria may have been subjected concurrently to a genetic
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evolution. Therefore, it is important to verify that the vaccines
that are still in use adequately protect against the currently cir-
culating pathogens. Because of antigenic variation, the structure
or the regulatory functions of different antigens of a pathogen
could have adjusted to such an extent that recognition by and
interaction with our immune system may have changed. Also,
up- or down-regulation of certain genes may have had an
impact on the pathogenicity of a microbe.14

Mumps

The mumps virus is an RNA virus of the family of the Para-
myxoviridae. The RNA codes for 9 proteins, each with its own
function. The genotyping of the mumps virus is based on the
Small Hydrophobic (SH) protein, a nonstructural protein and
genetically the most variable one. Based on the SH-protein 12
different mumps viruses were detected up to now. In recent

epidemics in Western countries the genotype G was mainly
detected, while the mumps viruses used in the live attenuated
mumps vaccines belong to genotype A (Jeryl Lynn) and to a
lesser extent to genotype B (Urabe). However, antibodies
against the SH protein have not yet been observed in human
serum. It is, therefore, unlikely that antibodies against the SH
protein play an important role in antibody-mediated virus neu-
tralization. The two major proteins responsible for the attach-
ment of the virus to the host cell and for the virus-to-cell and
cell-to-cell-fusion are the fusion protein (F) and the hemagglu-
tinin-neuraminidase protein (HN). Antibodies directed against
these latter proteins are crucial to the development of protec-
tion against mumps. In particular, antibodies directed against
the HN protein are essential for testing neutralizing activity
against the mumps virus. The gene for the F- and the HN-pro-
tein, however, exhibits much less variation as compared to the
SH-Gen.15 Rubin and colleagues showed that antibodies

Figure 1. Consultation incidence for mumps and vaccination coverage with the first dose of the measles-mumps-rubella vaccine (MMR1) in Belgium. Source: Sentinel net-
work of general practitioners (GPs) and weighted average of the vaccination coverage surveys (Scientific Institute of Public Health, Brussels, Belgium).

Figure 2. Number of cases of pertussis and vaccination coverage with the 4th doses of the diphtheria-tetanus-pertussis vaccine (DTP4) in Belgium. Source: Sentinel net-
work of laboratories and weighted average of the vaccine coverage surveys (Scientific Institute of Public Health, Brussels, Belgium).
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induced by immunization with the Jeryl Lynn strain were able
to adequately neutralise 7 mumps viruses with different HN
genotypes. Although there were differences in neutralization
efficiency of sera from vaccinnees against the mumps virus iso-
lates, this study showed that the mumps virus is serologically
monotypic and the genetic evolution of the virus so far cannot
explain the new epidemics of mumps.15,16

Pertussis

Bordetella pertussis is a small gram-negative pleomorphic bac-
terium. Research shows that over the last 60 y the population of
B. pertussis bacteria genetically changed in a significant way.
This may result in an adjustment of the transfer of information
between the host and pathogen and/or the physiology of B. Per-
tussis over time.17 In particular, the occurrence of mutations
that increase the pathogenicity of the pertussis bacteria (eg.
ptxP3-allele which gives rise to higher production of pertussis
toxin) or mutations in genes encoding for proteins against
which vaccine-antibodies are produced (eg. pertactin), are
strains that may play a role in the persistence and outbreak of
pertussis.18 Antigenic diversity can both undermine the efficacy
of the antibodies or have an effect on the induction of immuno-
logical memory. An increase in the production of pertussis
toxin, may increase suppression of the innate and acquired
immune system.14 If these new strains spread globally, this
could contribute to a reduced efficiency of pertussis vaccines.17

In the Netherlands, it was shown that the increase in the num-
ber of pertussis cases coincides with the emergence of B. Pertus-
sis containing the ptxP3-allele.17 In contrast to mumps, the
genetic modification of B. Pertussis seems to play a role in the
current epidemiology.

Failure to vaccinate

To interrupt virus circulation in a population, a high vaccina-
tion coverage (> 90–95%) is needed and for measles and
mumps estimated at 92–94%. This phenomenon, known as
herd immunity, makes elimination of certain pathogens possi-
ble. It is important to reach this high vaccination coverage not
only once, but to maintain it year after year. When this high
vaccination coverage is not reached, the term ‘failure to vacci-
nate’ is used because of the failure to reach those within a popu-
lation in a satisfactory manner with well-functioning
vaccines.19

Mumps

For the first dose of the MMR-vaccine, a vaccination coverage
of > 95% of the infants was reached in Belgium. For the second
dose (10–13 y in Belgium) a vaccination coverage of 93% was
reached in the region of Flanders.20 But in order to interrupt
the circulation of the mumps virus, a vaccination coverage of >
95% is necessary for both doses. Proof of vaccination of a sec-
ond dose does not necessarily imply that the first dose was also
given in infancy which can be problematic for the current gen-
eration of adolescents. In Flanders, Belgium, for example,
altough a vaccination coverage of 93% was reached for the sec-
ond dose, only 86% had written proof for both doses.20 This

may partly be because of the fact that at the start of the MMR
vaccination program, comprising the current generation of
young adults and students, the vaccination coverage did not
reach > 90%. In addition, the importance of providing an accu-
rate registration of the vaccination in centralized databases has
become apparent only during the last 5–10 y. It is much more
difficult to obtain accurate data in adolescents on childhood
vaccinations, compared to when coverage is measured at 18–24
months of age, shortly after finishing the primary vaccination
schedule.20 In Belgium, the region of Flanders makes use of an
electronic recording system for vaccinations since 2006 and in
the region of Wallonia since 2015, which facilitates the moni-
toring of vaccination coverage.

Pertussis

In Belgium, the vaccination of all administered doses is consis-
tently high (> 92%) and should be sufficient to prevent the cir-
culation of B.pertussis.

Despite the fact that mumps vaccination coverage is not yet
optimal, failure to vaccinate seems not to be the main reason of
the current epidemics of mumps and pertussis.

Vaccine failure

Vaccine failure occurs when the disease sought to be avoided
occurs in a person who was vaccinated correctly. Within a pop-
ulation, one can also measure the degree of vaccine failure by
measuring the efficacy and effectiveness of a vaccine.21

The efficacy of a vaccine is measured in randomized clinical
trials under controlled conditions during which a comparison
is made of the occurrence of the disease in a group of vacci-
nated and unvaccinated individuals. In the study cohort, the
proportionate reduction in attack rate (AR) among unvacci-
nated and vaccinated persons is calculated. Efficacy is the ‘best
case’ scenario of the protective effect of a vaccine and is deter-
mined before the commercialization of a vaccine.21 The efficacy
is mainly determined by the degree of primary vaccine failure
or inability to develop an immune response after vaccination.

This is in contrast to the effectiveness of a vaccine, where the
protective effect of a vaccine, or the possibility of a vaccine to
prevent disease is measured in the general population in real-
life conditions.21 Several factors determine the effectiveness,
including the amount of primary and secondary vaccine failure,
the vaccination coverage achieved within a population and the
structural problems related to vaccination including the preser-
vation of the cold chain. Secondary vaccine failure occurs
when, after an initial good immune response, protection by
vaccination decreases over time and people become susceptible
again to the infectious disease.

Mumps

The proportion of persons who are not protected after a first
dose of the MMR vaccine is estimated at an average of 5% for
all mumps components currently used.22 After the administra-
tion of a second dose, the immune response amounts up to
100%. But both research and the occurrence of mumps epidem-
ics in populations who were vaccinated twice demonstrated
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that antibodies decrease over time and the risk to develop
mumps increases with prolonged time since vaccination.23,24

This phenomenon occurs with all mumps vaccines used world-
wide, so that in many countries where mumps vaccines have
been used since the eighties are confronted with major epidem-
ics of mumps. Typically, these epidemics occur among young
adults, mostly students, in contrast to the epidemics in the pre-
vaccine era which mainly affected primary school children (4–
10 years).22 Moreover, it is increasingly apparent that mumps
occurs despite a properly applied 2-dose policy. Studies have
shown that after mumps vaccination cellular immunity is often
longer present than the antibodies.23,25 Finally, there is limited
evidence that with the waning of antibodies, also memory B
cells disappear and the long-term protection can not be guaran-
teed anymore.26 These studies indicate that mumps vaccines
appear to be less immunogenic than initially assumed. This
implies that the primary immune response is able to eliminate
mumps, but that the protection lasts less long than originally
thought.

Pertussis

The first pertussis vaccines used were killed, whole-cell vaccines
(wP). The immunogenicity and efficacy of these wP-vaccines
varied as was demonstrated in a study comparing 13 different
acellular and whole-cell pertussis vaccines.27 Because of the
side effects such as high fever and persistent crying, many
countries replaced the wP-vaccine with an acellular pertussis
vaccine (aP) with fewer side effects. Initial studies showed that
vaccine-elicited antibodies were immunogenic, but antibody
titers could also vary from vaccine to vaccine.27,28 Compared to
aP-vaccines, wP-vaccines and natural infection will induce an
immune response in which the cellular immunity is more
important while aP-vaccines induce a mixed Th1/Th2 immune
response.27,29,30 Although the exact nature of the immune
responses after wP and aP vaccination remain unclear, several
studies indicate that the protection against pertussis after
administration of aP-vaccines wanes more quickly than was
previously assumed. This is an indication for “waning immu-
nity” which appears to be more pronounced compared with the
well-functioning wP-vaccines.28

Both for mumps and pertussis current vaccines seem less
immunogenic than assumed based on the first studies. One of
the important difficulties in evaluating both mumps and per-
tussis is the lack of correlate of protection against these dis-
eases. Which biomarkers can be used and are related to
protection? Are antibodies sufficient as a measure of protec-
tion? And if so, which antibodies should be determined? There
is an important difference between the total amount of antibod-
ies and neutralizing antibodies. An ELISA assay measures all
antibodies developed after vaccination but may not specifically
measure neutralizing antibodies and can give an overestimation
of protection. Neutralizing antibodies are a better indication of
protection, but this can only be determined by the labor-inten-
sive plaque reduction neutralization (PRN) test. It is not feasi-
ble to carry out the PRN for routine application. And what
about the long-term protection? Is it sufficient to measure anti-
bodies, or should we look for underlying immunological mech-
anisms such as central memory cells?31 Both for mumps and

pertussis, the development of antibodies is crucial in the protec-
tion against disease and infection. But which antigens are
essential? What is the role of the cellular immune system? Espe-
cially for pertussis the Th1 response seems to play a significant
role.32 Additional research of the immunological mechanisms
involved will hopefully provide insights in the development of
possible new and more immunogenic vaccines against mumps
and pertussis.

One last thought: in the pre-vaccine era lifelong protection
following disease was most probably also maintained by natural
boosting through exposure to wild-type pathogens during
cyclic epidemics of infectious diseases. Immunization nor natu-
ral infection provides lifelong protection against pertussis and
in future the need to implement booster vaccinations through-
out life for both mumps and pertussis might be necessary.33,34

Conclusions

After more than 30 y of systematic use of vaccines and vaccina-
tion, the imperfections of the program become apparent. Cur-
rent mumps and pertussis epidemics are probably due to
several factors. But the long-term immunogenicity of the 2 vac-
cines, in particular the underlying immunological mechanisms
such as the immunological memory, probably play a major role
in the development of the current epidemics.

In spite of the imperfections of these vaccines, both mumps
and pertussis vaccine play an important role in the prevention
of both the disease and complications following exposure to the
wild mumps virus or pertussis bacterium. Therefore, extensive
vaccination campaigns with both vaccines remain necessary.
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