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Microbes that elude host’s defenses and have developed resistance to the existing 
antibiotic arsenal continuously invade the human body. Cure for such diseases is 

inevitable as it may result in high morbidity and mortality, if not properly treated. 
Vaccination represents the most cost-effective way for disease prevention. Vaccines 

activate sentinels of the immune system including macrophages and T, B, and 
dendritic cells to release a battery of effector molecules and cytokines and ward off 

infection. For long-lasting protection, the memory cells also need to be evoked. This 
book encompasses biotechnological vaccines in clinical use, cocooning, disease 

resurgence postvaccination and other vaccine adverse effects, prospects of therapeutic 
versus prophylactic vaccines, and design of effective vaccines using bioinformatic tools 

and engineering molecular pattern interactions.
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Preface

The human body is under continuous attack by invaders — the disease-causing microorgan‐
isms. While most are treated with chemotherapeutic drugs, there are quite a few infectious
diseases wherein the causative microbes have developed resistance to the existing antibiotic
arsenal. Cure for such diseases is inevitable as it may result in high morbidity and mortality,
if not properly treated.

Prevention is better than cure. Vaccination represents the most cost-effective way for disease
prevention. Vaccines are composed of components of the microbe that can activate the host
immune system. But the witty microbes have evolved strategies to elude the host’s defenses.
The new-generation vaccines have been designed to activate the immune cells so as to coun‐
teract such immune evasiveness. T cells and/or B cells are required to generate effective im‐
mune responses. Just like obedient soldiers patrolling the nation to ward off its enemies,
these sentinels of the immune system including the macrophages and dendritic cells are ac‐
tivated to release a battery of effector molecules and cytokines, to thwart the infection.

Vaccines are now available against a multitude of diseases. But there has been resurgence of
pertussis despite vaccination. The memory response needs to be induced in order to elicit
long-lasting protection. The concept of herd immunity or cocooning vaccines is also looming
large, an effort to make majority of the population immune to a particular endemic disease.
Besides prophylactic (preventive) vaccines, therapeutic vaccines against reemerging infec‐
tious diseases have also surfaced.

This book encompasses a broad overview of the traditional and new-generation biotechnologi‐
cal vaccines in clinical use. The use of adjuvants has also been exemplified with reference to
pertussis vaccines. The resurgence of pertussis after vaccination leaves us with a thought on the
use of whole-cell vaccines for induction of effective immunity. The concept of cocoon vaccina‐
tion has also been introduced along with the adverse side effects of vaccines. The use of bioin‐
formatic approach for designing vaccines also sheds some information on increasing the
effectiveness of currently available vaccines. Further, engineering molecular pattern interac‐
tions allow stable coupling of antigenic peptide-MHC to TCR of T cells. Finally, the prospects of
therapeutic vaccines have also been discussed in addition to prophylactic vaccines.

Farhat Afrin
Assistant Professor

Department of Clinical Laboratory Sciences
Faculty of Applied Medical Sciences

Taibah University, Medina
Kingdom of Saudi Arabia
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Chapter 1

Cocoon Strategy of Vaccinations: Benefits and
Limitations

Aneta Nitsch-Osuch

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.68890

Abstract

A cocoon vaccination strategy refers to vaccinations in persons from the immediate envi-
ronment of those patients who might develop an illness (they are susceptible to illnesses) 
but cannot be vaccinated due to permanent or temporary medical contraindications to 
a vaccination (e.g. immunosuppressed patients) or are too young to have a vaccination. 
Most frequently, a cocoon vaccination strategy is associated with vaccinations in adults 
aimed at preventing the spread of an illness in children (e.g. pertussis vaccination or 
influenza vaccination), but it is worth considering whether this strategy should not be 
understood also as vaccinations in children with the view of protecting adults and the 
elderly against illnesses (e.g. influenza or pneumococcal diseases). The aim of the cocoon 
strategy is to minimize the risk of the transmission of pathogens in the environment of a 
patient who is susceptible to an infection. A vaccinated patient is not a source of infection 
any more for a non-vaccinated patient. The chapter presents a history, current implemen-
tation of the strategy in different countries, its benefits and limitations.

Keywords: cocoon, vaccination, influenza, pertussis, strategy

1. Introduction

Immunization methods cover [1]:

1. routine vaccinations in children and adolescents under national immunization programs,

2. vaccinations in adults from risk groups (due to clinical recommendations, e.g. chronic dis-
eases, and epidemiological recommendations, e.g. occupation, scheduled travels),

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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3. ring vaccination strategy (vaccination of a ring of close contacts of an ill person; it is a strat-
egy used to stop an epidemic, as in the case of smallpox eradication in India) and

4. cocoon vaccination strategy.

A cocoon vaccination strategy refers to vaccinations in persons from the immediate 
 environment of those patients who might develop an illness (they are susceptible to illnesses) 
but cannot be vaccinated due to permanent or temporary medical contraindications to a 
 vaccination (e.g. patients in immunosuppression) or are too young to have a vaccination [1].

Most frequently, a cocoon vaccination strategy is associated with vaccinations in adults aimed 
at preventing the spread of an illness in children (e.g. pertussis vaccination or influenza vac-
cination), but it is worth considering whether this strategy should not be understood also as 
vaccinations in children with the view of protecting adults and the elderly against illnesses 
(e.g. influenza or pneumococcal diseases) [1].

The aim of the cocoon strategy is to minimize the risk of the transmission of pathogens in 
the environment of a patient who is susceptible to an infection. A vaccinated patient is not a 
source of infection any more for a non-vaccinated patient [1, 2].

2. Cocoon strategy and environmental immunity

The concept of a cocoon vaccination strategy is connected with herd immunity and herd 
immunity threshold [3].

Herd immunity is a term that was coined as a result of observations which showed that 
the presence of persons immune to a particular infectious disease in a certain population 
decreases the probability of developing this disease by other persons in this population who 
are not immune to this disease. The earliest observation of this phenomenon was made in 
1840 by an outstanding British hygienist, William Farr, who wrote in his report on births, 
deaths and marriages in England and in Wales that “smallpox transmission might be inter-
rupted or sometimes stopped thanks to vaccinations which protect a part of the population” 
[3]. However, the very term “herd immunity” was used by Topley and Wilson for the first 
time. In their studies into epizootic in mice under laboratory conditions, they concluded that 
“immunity understood as a characteristic of a herd should be approached scientifically as 
a separate issue that is closely related to immunity of particular specimens, but at the same 
time constitutes a different issue in many aspects” [3]. The essence of herd immunity is that 
the higher the proportion of specimens immune to a disease in a population, the lower the 
probability of developing the illness by a specimen with no immunity to the disease. Thus, 
the term can be used with reference to infectious diseases in which some specimens infect the 
others [3].

Herd immunity threshold is the proportion of persons who need to be immune in order to 
stop an infectious disease from spreading in a population. For most diseases, it is over 80% 
[3]. Herd immunity threshold is influenced by the following factors: transplacental immunity, 

Vaccines4

patient’s age at the time of vaccination, age-related differences in the frequency of contacts 
or in infection risks (as the result of the decrease in the frequency of contacts, the real herd 
immunity threshold is lower than the estimated one), seasonal changes in the frequency of 
contacts (the period of decreased seasonal infectivity decreases the real herd immunity thresh-
old as compared to the estimated threshold), geographical heterogeneity and social structure 
(irregularities of risk distribution in various social groups) [3]. Herd immunity threshold for 
pertussis is high, and it amounts to 92–94%. However, considering the decrease in infectivity 
with age and the seasonality of the disease the estimates indicate 88% [3].

Population-based vaccine efficacy depends on a high proportion of the vaccinated individu-
als in a population. A good example may be measles, a highly contagious disease, which 
has become a re-emerging disease in countries where the proportion of those vaccinated has 
diminished (e.g. Germany, Great Britain) [4]. Population protection (herd immunity) result-
ing from breaking the infection transmission with the use of vaccinations has been observed 
in Australia for vaccinations against rotaviruses (e.g. after the introduction of common vacci-
nations against rotaviruses, the frequency of hospitalizations due to acute diarrhea decreased) 
and vaccinations against human papillomavirus (HPV), as well as in Great Britain for vaccina-
tions against Haemophilus influenzae type b and the meningococcal group C [5].

3. Cocoon strategy against pertussis

Pertussis is a contagious bacterial disease of the respiratory system caused by gram-neg-
ative rod Bordetella pertussis. Infection is transmitted through droplets or contact, and the 
source of infection is an ill person (there are no carriers) [6]. The disease can be developed 
in people who have not been vaccinated, fully vaccinated, properly vaccinated or who were 
vaccinated against pertussis a long time ago, as well as those who have already suffered 
from it because infection-acquired immunity to pertussis lasts only up to 20 years. The incu-
bation period of the disease ranges from 7–14 to 22 days [6]. In total, the illness lasts up 
to 3 months, which is why it was called a 100-day cough in the Chinese medicine. The 
most serious pertussis complications occur most frequently in newborns and infants, and 
they include pneumonia, other bacterial or viral superinfections, segmental atelectasis and 
replacement emphysema, pertussis encephalopathy, seizures and encephalitis [6]. Mortality 
rate amounts to 0.1–4% [7–9].

Since mid-1980s, it has been observed that the epidemiological situation of pertussis in devel-
oped European countries, North America, Australia and Japan has been deteriorating. This 
results from the decrease in post-vaccinal immunity, which is not lifelong, but it lasts for 
5–10 years. Currently, the highest incidence of pertussis is reported in adolescents and adults, 
and the representatives of these age groups are the main known source of infection for new-
borns and young infants who were not vaccinated against pertussis (in most countries, the first 
vaccination is given in the 6th week of life), were vaccinated with a delay or did not receive the 
required number of vaccination doses [7, 8]. It was found that the source of Bordetella pertussis 
infection in 30–75% of disease cases in newborns hospitalized for pertussis was persons from 
newborns’ immediate environment (mothers, fathers or older siblings) (Table 1) [9–12].

Cocoon Strategy of Vaccinations: Benefits and Limitations
http://dx.doi.org/10.5772/intechopen.68890
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Currently used strategies for pertussis prevention include [13–15] are listed below:

1. vaccinations in infants and small children, TDPw or TDPa vaccines,

2. booster vaccinations in children of pre-school age, TDPa or Tdpa vaccines, and in children 
of the school age (adolescents), Tdpa vaccine,

3. booster vaccinations in adults (recommended every 10 years), Tdpa vaccine,

4. vaccinations in pregnant women, Tdpa vaccine and

5. cocoon strategy for protective vaccination, Tdpa vaccine.

TDPw vaccines contain a whole cell pertussis component and may be used in infants older 
than 6 weeks till 36 months of age. However, due to a higher reactogenicity related to TDPw 
compared to TDPa vaccines [16, 17], the majority of high-income countries implemented 
TDPa vaccines into the national immunization schedules. On the other hand, it was reported 
that the duration of the immunity after TDPa vaccines may be shorter than TDPw vaccines 
[18]. Table 2 illustrates differences between TDPa and Tdpa vaccines. Tdpa vaccines contain a 
reduced antigen content, and they are recommended for individuals older than 4 years of age.

In response to the alarming increase in pertussis morbidity in 2001, Global Pertussis Initiative 
(GPI) consisting of experts from 17 countries was established. In 2005, the  organization 

Author Results (source of pertussis)

Bonmarin et al. [9] Parents 55%

Siblings 25%

Others 17%

Bisgard et al. [10] Mother 32%

Father 15%

Siblings 20%

Grandparents 8%

Others 25%

Wendelboe et al. [11] Adults 48–55%

Siblings 16–21%

Others 18–29%

Kowalzik et al. [12] Mother 63%

Father 13%

Siblings 21%

Others 30%

Table 1. Adults and adolescents as the main source of Bordetella pertussis infection in newborns [9–12].

Vaccines6

 recommended the increase and extension of the scope of vaccination strategies and the 
 implementation of booster vaccinations against pertussis in adolescents in developed  countries. 
Special attention was drawn to pertussis prevention in newborns and infants who belong to 
the group, which is subject to the highest risk of severe pertussis. Three vaccination strategies 
were considered: vaccinations in mothers, vaccinations in newborns and cocoon strategy. On 
the basis of mathematical modeling, GPI estimated that routine vaccinations in adolescents 
connected with the cocoon strategy might diminish pertussis morbidity by 50%. These esti-
mates resulted in national and international expert groups’ recommendations in 2006 to intro-
duce cocoon strategy in all countries, which have appropriate measures to do this [19].

Cocoon strategy involves administration of Tdpa to persons who have a close contact with 
newborns and infants (of up to 12 months of age), parents, grandparents, caregivers and 
older siblings. Optimal time of vaccination is at least 2 weeks before an expected contact with 
a child [14]. Strategies of vaccinations against pertussis in selected European countries are 
 presented in Table 3.

In 2006, the Advisory Committee on Immunization Practices (ACIP) recommended routine 
Tdpa vaccination in adults who have or are likely to have a close contact with children of up 
to 12 months of age. In 2011, ACIP decided that this recommendation should be extended and 
include vaccinations in adults above the age of 65 years, for example, grandparents, nursery 
and kindergarten employees as well as healthcare facility staff [14]. Currently, cocooning is 
recommended not only by ACIP but also by American Academy of Pediatrics (AAP) and 
American Academy of Family Physicians (AAFP) [21].

It is estimated that 605 persons from immediate and distant environments of an infant have 
to be vaccinated in pertussis epidemiological situation in the USA in order to prevent one 
disease case, whereas in the case of vaccinations in adolescents, in order to observe the same 
effect, a four-times bigger group needs to be vaccinated, that is, 2325 persons [14]. This can be 
explained by the fact that although small children are the source of infection for other popu-
lation groups in most infection cases (e.g. influenza, pneumococcal infections), in the case of 
pertussis, an opposite situation can be observed. Common vaccinations in infants and small 
children have resulted in the transmission of the disease to older age groups and thus house-
hold members, parents and adolescents have become the source of infection [6, 14].

Contents of 0.5 ml of vaccine TDPa Tdpa

Diphtheria toxoid >30 IU >2 IU

Tetanus toxoid >40 IU >20 IU

Pertussis antigens: 8.0 μg 2.5 μg

Pertactin 25.0 μg 8.0 μg

Pertussis toxoid 25.0 μg 8.0 μg

Filamentous hemagglutinin

Table 2. Differences between TDPa and Tdpa vaccines [6].
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Although cocoon strategy against pertussis is accepted by caregivers of young children, its 
implementation is at a low level. According to the data of 2008, only 5% of adults who had 
a close contact with infants were given Tdpa vaccinations [14]. Leboucher et al. [22] showed 
that the idea of cocooning was accepted by 97% of parents of newborns, which resulted in 
vaccinations in 69% of mothers and 63% of fathers. In 96% of cases, vaccinations were done 
under the conditions of ambulatory healthcare (at a family doctor) [22]. Decréquy et al. [23] 
observed that before the cocooning program was implemented on a chosen maternity ward, 
only 20% of mothers and 13% of fathers had been vaccinated against pertussis, whereas after 

Country Basic vaccination Booster vaccinations in 
children and adolescents

Booster vaccinations in 
adults

Austria 2–4–6 months 12–24 months, Every 10 years

13–16 years

Belgium 2–3–4 months 15 months Cocoon strategy

5–7 years, 14–16 years

Finland 3–5–12 months 4 years, –

14–15 years

France 2–3–4 months 16–18 months, 11–13 years 27–28 years, all healthcare 
employees (2008)

Cocoon strategy

Germany 2–3–4 months 5–6 years, 11–15 years Cocoon strategy

Healthcare employees 
(2003)

Italy 3–5–11 months 5–6 years, –

11–15 years

Netherlands 2–3–4 months 11 months –

14 years

Poland 2–4–6 months 18–18 months, Healthcare employees who 
have contact with infants 
(2015);

6 years, 14 years Adults > 19 years—every 
10 years

Cocoon strategy (2015)

Switzerland 2–4–6 months 15–24 months –

4–7 years (11–15 years, 
catch up)

Luxembourg 12 months 5–6 years, Every 10 years

15–16 years

Table 3. Strategies of vaccinations against pertussis in particular European countries [20].

Vaccines8

the  introduction of educational activities, the level of vaccinations increased to 77% in  mothers 
and 57% in fathers. It was indicated that the continuation of vaccinations is necessary, not 
only at a local but also at a national level [23].

A few reasons that prevent cocoon strategy against pertussis from being commonly imple-
mented and accepted were identified. It was indicated that to improve the cocooning strategy, 
it is required to combine parental education with free vaccinations in pediatric or maternal 
settings [14, 22]. However, implementation of the cocoon strategy on maternity and neonatal 
wards as well as in pediatric centers requires resources from a doctor to undertaking activi-
ties, which go beyond their scope of standard duties, not to mention financial issues related to 
costs and refunds. Furthermore, implementation of this strategy requires substantial financial 
resources and the increase in the number of healthcare personnel [6].

Currently, data evaluating the effectiveness of a cocoon strategy are limited. Skowronski et al. 
[24] suggested that cocooning may not be cost-effective in areas where a disease incidence is 
low. The authors concluded that it would take 1 million parental immunizations to save one 
infant death, 100,000 parental immunizations to save one infant’s intensive care unit admis-
sion and 10,000 parental immunizations to prevent one infant’s hospitalization [24]. However, 
Westra et al. from the Netherlands found that maternal immunization or a cocooning pro-
gram for both parents was cost-effective and even cost-saving [25] as compared to just an 
infant immunization program. Healy and Baker [26] found that up to 75% of infant pertussis 
cases are acquired from a household contact, and cocooning could lead to a 70% reduction in 
pertussis cases in infants of less than 3 months of age.

The concept of “number needed to treat” to estimate the number of adults that would need 
to be vaccinated (NNV) to prevent one case of disease, hospitalization and death due to per-
tussis was used and described by researchers from Ontario (Canada) [2]. After implementa-
tion of the cocoon strategy against pertussis, the NNV to prevent one case, hospitalization or 
death from pertussis was between 500–6400, 12,000–63,000 and 1.1–12.8 million, respectively 
(after adjusting for under-reporting). Rarer outcomes were associated with higher NNV [2]. 
The authors also demonstrated that NNV estimates for pertussis vary greatly depending on 
the frequency of the outcome, including the target age group, the degree of under-reporting 
believed to be in existence, the assumed vaccine effectiveness (VE) and the estimated propor-
tion of infants infected by the mother and the father. It was concluded that the objectives of 
implementing a cocoon immunization strategy must be carefully considered if the strategy 
should be evaluated properly. If the objective of the program is to prevent pertussis in the 
population in general, a universal strategy should be considered. However, if the objective 
is to prevent deaths due to pertussis, a large number of adults need to be vaccinated [2]. A 
similar conclusion was presented by Italian authors [27].

The cocoon strategy against pertussis was implemented in the USA in 2006. Data from two 
small studies reported conflicting results. One study documented a 50% decline in the inci-
dence of pertussis in hospitals with a post-partum Tdap vaccination policy in 2006 (n = 48), 
while a 20% increase was observed among hospitals that did not have such a policy (n = 145) 
[28]. In contrast, Castagnini et al. [29] found no difference in the rates of illness, length of 
hospitalization or mortality in infants under 6 months of age when post-partum women were 
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vaccinated prior to discharge. The authors recommended that all household members and 
key contacts of newborns should be immunized instead. There is also evidence that immuni-
zation coverage of high-risk groups increases when vaccination programs are universal rather 
than targeted [30, 31].

4. Vaccinations against influenza in cocoon strategy

Influenza is a severe infectious disease caused by Orthomyxoviridae viruses. Influenza in child 
population is an undervalued, not to say underestimated, problem. This might result from 
the fact that disease symptoms are non-specific and the disease diagnostics is quite difficult, 
although accessible and feasible both on an outpatient and on an inpatient basis [32]. It is 
estimated that influenza virus infections cause 10–40% of acute febrile respiratory tract infec-
tions in children annually; however, in closed environments this rate might amount even to 
50% [33].

In the course of establishing worldwide influenza in children at the age of below 5 years in 
2008, Nair et al. [34] estimated, on the basis of an analysis of 43 studies, that in that year there 
were 90-million influenza cases in the mentioned age group globally. A 13% of cases developed 
acute lower respiratory insufficiency (ALRI) and 28,000–111,500 cases resulted in death [34].

Occurrence of severe seasonal influenza cases in children and adolescents is described by the 
number of deaths and the number of hospitalizations in intensive care units. The actual occur-
rence of influenza in children is underestimated due to the fact that children who suffer from 
mild influenza are not even consulted on an outpatient basis [32, 33].

In comparison with adults, children who suffer from influenza, especially infants below the 
age of 1 year, require a higher number of consultations on an outpatient basis [35]. According 
to the study, 24% of all outpatient influenza-related visits concerned children [36]. A big num-
ber of outpatient visits related to influenza and its complications generates not only direct 
costs but also indirect costs that are, for example, connected with the child caregivers’ absence 
from work and the loss of earnings [36]. Furthermore, these visits constitute an organizational 
challenge for medical facilities. The number of hospitalizations related to influenza and its 
complications in children in the USA is estimated to amount to 0.9/1000 children, and most of 
them concern children at the age of below 1 year [37]. The risk of influenza-related hospital-
izations in children of pre-school age is comparable to the risk that is observed in the group 
of the elderly above the age of 65 years [37]. The number of hospitalizations for influenza in 
children at the age of up to 5 years amounts to 5/10,000 children and in adolescents, 1/10,000 
persons [37]. A study by Rhim et al. [38] demonstrated that 7.3% of children who reported 
to admission rooms in pediatric hospitals due to influenza-like symptoms required hospital-
ization, whereas a study by Irving et al. [39] showed that 5% of outpatients diagnosed with 
influenza required hospitalizations.

Influenza mortality in children is estimated at <1/100,000 patient-treatment years and unfor-
tunately most deaths (even up to 50%) occur in children with no additional disease burden 
[40]. Deaths due to influenza in children are rare. In the USA in 2003/2004, mortality in this 
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group of patients amounted to 2.1/1,000,000 [40]. In the twentieth and twenty-first centuries, 
influenza can be effectively prevented with vaccinations. It is worth noticing that influenza 
deaths in children occur also in those children who suffer from no additional burdening dis-
eases that could classify them as patients who are subject to the risk of the severe course of the 
disease. For example, in 2003/2004 in Great Britain, 17 deaths due to influenza in children and 
adolescents aged below 18 years were observed and they all occurred in patients who were 
initially healthy [41]. Furthermore, sudden deaths in children caused by influenza B virus 
infections were reported. The causes of deaths were determined only in an autopsy (concern-
ing intravital diagnosis, there were no symptoms from the respiratory system but from the 
digestive system) [42].

Cocoon strategy in influenza prophylaxis was created on the basis of data concerning cocoon 
strategy in pertussis prevention. Justification of cocoon strategy for influenza is different than 
for pertussis because no influenza vaccination can be used in infants aged below 6 months 
due to low immunogenicity in this age group. As mentioned above, the risk of hospitaliza-
tion in infants due to influenza is particularly high, and the greatest risk concerns children 
aged below 6 months. The frequency of influenza hospitalizations in healthy infants is similar 
to the frequency of hospitalizations in adults who are in a high-risk group. Therefore, effec-
tive solutions are necessary to provide appropriate protection for this particularly susceptible 
population group. Influenza prophylaxis includes hand hygiene, avoiding contact with the ill 
and vaccinations in persons who have a close contact with the ill.

In the first year of their lives, newborns whose mothers were not vaccinated against influenza 
either have no immunity to influenza viruses or they have low adaptive immunity. Therefore, 
it is recommended to vaccinate household members and caregivers of infants at the age below 
6 months. Such vaccinations should result in the increase in children protection through creat-
ing a protective cocoon. Not all adults are aware of the importance of influenza vaccinations 
in adults and in children. In order to increase the number of vaccinated persons, it is necessary 
to provide educational activities and develop initiatives addressed not only at the employees 
of healthcare facilities but also at patients.

Time is another factor that limits the implementation of cocoon strategy in influenza pro-
phylaxis. The strategy can be effective only when all persons from the immediate environ-
ment of a newborn, as well as newborn’s relatives and caregivers, are vaccinated at least 
4 weeks before the child is born because an immunologic response to a vaccination requires 
time. Gynecologists and obstetricians should propose vaccinations to women on their vis-
its to health centers before they become pregnant or during the pregnancy. After persons 
from the immediate environment have been vaccinated, another method of infants’ pro-
tection against influenza is vaccinations in pregnant women. A recent study conducted in 
Bangladesh, which evaluated vaccinations against influenza in pregnant women, showed 
that the number of laboratory-confirmed influenza cases in infants of vaccinated mothers 
decreased by 63% [43].

Cocoon strategy encourages education of patients and employees of healthcare facilities. 
Educational activities might increase the percentage of the vaccinated population. In families, 
the main sources of infections for newborns and infants are parents and siblings.
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group of patients amounted to 2.1/1,000,000 [40]. In the twentieth and twenty-first centuries, 
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ment of a newborn, as well as newborn’s relatives and caregivers, are vaccinated at least 
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tection against influenza is vaccinations in pregnant women. A recent study conducted in 
Bangladesh, which evaluated vaccinations against influenza in pregnant women, showed 
that the number of laboratory-confirmed influenza cases in infants of vaccinated mothers 
decreased by 63% [43].
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the main sources of infections for newborns and infants are parents and siblings.
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Studies show that providing parents of newborns with information on the benefits of influ-
enza vaccinations, as well as providing free-of-charge vaccines, positively influences imple-
mentation of the cocoon strategy. Walter et al. [44] indicated that after such activities had been 
implemented in one maternity hospital, 54.9% of parents underwent vaccinations (vaccina-
tions were given in maternity units and were free of charge for mothers only). Shah et al. [45] 
observed even higher indicators (86.9–95% in two consecutive years in parents of newborns 
in an intensive care unit).

5. Cocoon strategy for vaccinations in contact with immunosuppressed 
patients

Patients in immunosuppression resulting from anticancer or anti-inflammatory treatment 
(inflammatory bowel diseases [IBD], rheumatic diseases) might not achieve appropriate level 
of protection after the vaccination (vaccines that are considered to be safe for this group of 
patients are inactivated vaccines). This is why minimizing the risk of disease transmission 
in those patients’ environment is of significant importance. In particular, influenza, pertus-
sis and chickenpox vaccinations are recommended [46]. Unfortunately, vaccinations in the 
contacts of patients in immunosuppression are at a low level, which proves that education in 
this group is highly necessary. Waszczuk et al. [47] conducted a self-completed survey among 
patients with inflammatory bowel disease (IBD) and reported that the use of recommended 
vaccines in family members of patients was insufficient (22–26%). There was a statistically sig-
nificant association between the non-reimbursed vaccines coverage level and the educational 
status of patients [47].

6. Cocoon strategy for vaccinations in healthcare professionals

Due to frequent contact with the ill, high infectivity of the diseases and lack of life-long immu-
nity to diseases, healthcare personnel belong to a group which is highly at the risk of becom-
ing infected with Bordetella pertussis or influenza virus.

In the case of pertussis, it is estimated that the risk of developing an illness by healthcare pro-
fessionals is almost two times higher as compared with the general population. Serological 
results of one study showed that Bordetella pertussis infection in healthcare professionals 
subject to five-year observations was 2 times higher in 55%, 3 times higher is 17% and 4 times 
higher in 4% of the personnel [48]. Pertussis might become a hospital infection and its source 
might be either a patient or a healthcare personnel. Outbreak of the disease in healthcare pro-
fessionals threatens patients’ health, especially infants’ health. Activities to stop the outbreak 
might be costly and disturb the functioning of a healthcare facility. Ward et al. [49] described 
a pertussis outbreak in a 600-bed general hospital in Paris with 2100 employees. In November 
2000, three pertussis cases in the personnel were observed there. An epidemiological inves-
tigation showed that the first case was a 51-year-old woman who infected three coworkers. 
A local committee for hospital infections decided to conduct screenings in all healthcare 
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employees and patients. Personnel with respiratory symptoms were excluded from work for 
the first 5 days of antibiotic treatment. Eventually, pertussis was diagnosed in 17 persons, 
including 15 members of the personnel and 2 patients. The cost of controlling the outbreak, 
mostly diagnostic tests, treatment and the loss of productivity, amounted to over 46,000 Euro.

Baggett et al. [50] described two pertussis outbreaks in hospitals in King county in the United 
States of Washington which occurred in 2004:

1. In the first hospital, the source of infection was a 38-year-old doctor who worked on an 
emergency ward (at that moment when she developed the illness, she was in the 37th week of 
pregnancy, coughing fits and vomiting after the fits lasted for 37 days, and the doctor associ-
ated them with the exacerbation of concurrent bronchial asthma). Epidemiological investiga-
tion identified five probable cases, which met the pertussis clinic definition of Centers for 
Disease Control and Prevention (CDC) at that time, and two cases were confirmed. Disease 
cases concerned two nurses, a receptionist, a close friend of the infected doctor and the doc-
tor’s husband. The woman put 738 persons at risk of infection, including 388 hospital workers, 
265 patients and 85 visitors. Among them, 600  persons were examined (80%) and 516 persons 
were administered antibiotics. Furthermore, one patient who was admitted to the hospital for 
an emergency appendicitis operation and had contact with the infected doctor in the admis-
sion room had a positive polymerase chain reaction (PCR) result without typical clinical 
symptoms. This resulted in testing 95 persons who had contact with the infected woman (92 
persons were given antibiotics) and 29 PCR tests (all results were negative). Hospital pertus-
sis outbreak had significant economic and organizational consequences. The costs included 
diagnostic tests, antibiotics for all hospital employees with respiratory symptoms who had 
contact with the persons diagnosed with pertussis and excluding them from work for the first 
5 days of treatment and

2. In the other hospital, a 38-year-old physiotherapist working in an intensive care pediat-
ric unit visited a company doctor due to persistent coughing fits which lasted for 22 days. 
Although the cultivation and testing of the PCR material from nasopharynx were negative 
and so was the direct immunofluorescence test, an epidemiological investigation was initi-
ated since clinical criteria were fulfilled by the physiotherapist. Pertussis was diagnosed and 
confirmed in three nurses from the intensive care unit and in one resident doctor who had 
contact with the ill person. It was estimated that 417 hospital workers, 200 hospital visitors 
and 120 patients were potentially exposed to the disease. Bordetella pertussis infection was 
confirmed with the PCR method in four members of the hospital personnel. At the expense 
of the hospital, antibiotics were administered to 343 workers and 70 visitors and patients. 
Employees with respiratory symptoms were expelled from work for 1 day until obtaining the 
negative PCR result. The costs of activities connected with controlling the outbreaks exceeded 
260,00 US dollars in the first hospital and 120,000 US dollars in the other hospital, and they 
were connected mostly with the costs of overtime related to expelling persons at risk of per-
tussis from work and with remuneration for additional work for the hospital infection team.

Calugar et al. [51] focused on cost-effectiveness of pertussis vaccinations in healthcare person-
nel. They analyzed a pertussis outbreak which occurred in 2003 in a specialist clinic in the 
USA after a 1-day exposure of healthcare personnel to an infant with a confirmed pertussis 
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the first 5 days of antibiotic treatment. Eventually, pertussis was diagnosed in 17 persons, 
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persons were given antibiotics) and 29 PCR tests (all results were negative). Hospital pertus-
sis outbreak had significant economic and organizational consequences. The costs included 
diagnostic tests, antibiotics for all hospital employees with respiratory symptoms who had 
contact with the persons diagnosed with pertussis and excluding them from work for the first 
5 days of treatment and
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ric unit visited a company doctor due to persistent coughing fits which lasted for 22 days. 
Although the cultivation and testing of the PCR material from nasopharynx were negative 
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confirmed with the PCR method in four members of the hospital personnel. At the expense 
of the hospital, antibiotics were administered to 343 workers and 70 visitors and patients. 
Employees with respiratory symptoms were expelled from work for 1 day until obtaining the 
negative PCR result. The costs of activities connected with controlling the outbreaks exceeded 
260,00 US dollars in the first hospital and 120,000 US dollars in the other hospital, and they 
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tussis from work and with remuneration for additional work for the hospital infection team.
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diagnosis [51]. Three hundred and seven members of healthcare personnel were at risk and 
seven of them had symptomatic pertussis. The authors estimated that vaccinations in health-
care professionals would prevent over 46% of pertussis cases, and from the perspective of the 
hospital, they would decrease the costs of controlling the outbreak. The authors concluded 
that pertussis might disturb the functioning of the hospital and that personnel vaccinations 
could decrease the number of infected workers and could enable the hospital to achieve sav-
ings. Members of healthcare personnel who are at the highest risk of developing pertussis are 
persons who work on pediatric wards and in pediatric centers.

According to ACIP recommendations, it is advisable to promote pertussis vaccinations in 
healthcare personnel and to facilitate access to these vaccinations (e.g. through facilitating 
vaccinations at the place of work, providing free-of-charge vaccines, etc.). Activities aiming at 
performing vaccinations in a vast number of workers should also include educational activi-
ties concerning the illness and its consequences (for the personnel and patients), and informa-
tive activities regarding the vaccines, their safety and effectiveness. It is not recommended to 
do serological tests for pertussis before the vaccination and after it. Recovering from pertussis 
is no contraindication for the vaccination [52].

It was estimated that the costs of including healthcare personnel, who have a direct and close 
contact with patients, in a pertussis vaccination program in the USA could be two times lower 
in a 10-year perspective than controlling pertussis epidemics in healthcare facilities [52].

On the basis of serological tests, it can be estimated that even 25% of healthcare professionals 
have contact with influenza viruses on an annual basis [53]. Interestingly, 25% of persons who 
had direct contact with patients whose serological tests proved past influenza infections did 
not provide disease symptoms in the interview [54]. This might indicate a possible mild course 
of the infection or an infection accompanied with very few symptoms. Nonetheless, these 
persons can still be a source of infection both for patients and for other members of health-
care personnel [54]. Infectious disease epidemics, including influenza outbreaks, in healthcare 
facilities might bring measurable and significant consequences for the finance, for example 
costs of controlling and epidemic outbreaks (patient isolation, implementation of antivirus 
treatment), costs of temporary termination of medical services due to cancellation of admis-
sions, costs of employing special personnel to care about particular patients suffering from 
influenza, consequences for the hospital image—loss of trust among patients, impediments in 
patient visits and legal consequences—and compensation claims [48]. Healthcare profession-
als are exposed to infections through droplets or contact with influenza viruses at the place 
of work and they might become the source of infection for patients. Most of them belong to a 
group which is at a high risk of the severe course of disease and influenza complications due 
to their age and chronic illnesses, for example, respiratory system diseases (bronchial asthma, 
chronic obstructive pulmonary disease), cardiovascular diseases or metabolic diseases (e.g. 
diabetes). According to the studies, 75% of doctors admit that they perform their professional 
duties despite having disease symptoms, which indicate a current respiratory system infec-
tion [52, 53]. Influenza complications, hospitalizations and deaths related to influenza or its 
consequences occur mostly in chronic patients, infants and young children (aged 2–5 years), 
senior citizens and pregnant women [54]. Vaccinations in healthcare personnel are particularly 
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beneficial for those patients who cannot be given a vaccination, for example patients who are 
too young (infants at the age 6 months for whom there are no registered vaccines—it needs 
to be stressed that influenza infections have been observed even in newborns), patients with 
medical contraindications to vaccinations (e.g. occurrence of a strong anaphylactic reaction 
after influenza vaccination confirmed allergy to any component of the vaccine), patients who 
do not respond to vaccination appropriately (e.g. persons aged 85 and more, patients in immu-
nosuppression) and persons who cannot be treated with antiviral medications due to medical 
contraindications (mostly neuraminidase inhibitors). Thus, influenza vaccinations in health-
care personnel constitute an element of cocoon strategy for protective vaccinations [55]. The 
results of published studies indicate that influenza vaccinations in healthcare professionals in 
medical facilities ensure a significant decrease in general mortality and flu-like disease morbid-
ity in patients requiring long-term care [56–58]. Carman et al. [56] showed that achieving 50% 
level of vaccinations in the personnel of a nursing home for the elderly results in the reduction 
of mortality among the elderly residents by 40%. Individual benefits for the personnel arising 
from influenza vaccinations are less documented [56–58]; however, it was observed, for exam-
ple that the number of days absent from work due to respiratory system infections decreased 
and so did the risk of influenza virus infections (88–89% on average) [59, 60]. A slight decrease 
in the number of days absent from work (by approx. 0.5 days) was also obtained in the popu-
lation of vaccinated healthy persons of working age [59, 60]. Salgado et al. [61] showed that 
the number of laboratory-confirmed influenza cases and the percentage of hospital respira-
tory system infections diminished from 42 to 9 and from 32 to 3%, respectively, in a group of 
influenza-vaccinated medical professionals.

Scientific literature gives examples of influenza epidemics in hospital wards which spread 
in patients requiring special care. In 1998, an epidemic broke out in a neonatal intensive care 
unit which resulted in disease cases in 19 out of 54 patients and a death of 1 child. Only 15% 
of the personnel had been vaccinated and 29 persons admitted to taking care of patients while 
having symptoms of a respiratory system infection [62]. In the same year, 10 patients devel-
oped influenza in a bone marrow unit and 1 person died. In this case, 12% of the personnel 
had been vaccinated and five personnel members were at work with disease symptoms [63]. 
Influenza virus outbreaks were also observed in liver transplantation, hematological, neona-
tal and pediatric units (in the last two units, additional risk factors for influenza virus infec-
tions were identified: artificial ventilation system and multiple pregnancy) [64–67]. A group 
of patients who are particularly at risk of hospital epidemics are residents of facilities, which 
render care and treatment services for patients with chronic illnesses. During the occurrence 
of an influenza outbreak in a facility whose residents were at the age of above 65 years, the 
percentage of infected patients in an epidemic season was very high and it could reach even 
60% [68]. The facts that influenza vaccinations in the elderly are not as effective as vaccina-
tions in a younger population (30–40% vs 70–90%), and that influenza epidemics occurred in 
the populations of the residents of nursing homes, where influenza immunization was very 
high and reached even 90%, prove that it is necessary to perform vaccinations in healthcare 
professionals in order to protect the patients [69, 70].

Unfortunately, percentage of medical professionals who are vaccinated against pertussis in 
developed countries is relatively low. According to the studies, although educational activities 
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result in the increased interest in the vaccinations, only a small group of healthcare  personnel 
are vaccinated despite their initial intentions of undergoing a vaccination. Pertussis educa-
tion for medical professionals could solve this problem. Tdpa vaccine is safe and effective. 
Pertussis booster vaccinations for healthcare personnel might be the most effective to dimin-
ish the risk of pertussis cases and the occurrence of hospital infections in healthcare facilities.

7. Benefits and drawbacks of the cocoon strategy for protective 
vaccinations

The main benefit of cocoon strategy is that it decreases the risk of the transmission of an 
infectious disease in the environment of a patient who might become infected but cannot be 
vaccinated. A universal adult pertussis program does not only serve to decrease the disease in 
the overall risk of disease among infants (beyond that which might be achieved with a more 
focused cocoon strategy) but it also protects adults against the disease.

The main drawback of a cocoon strategy is that it is characterized by a low level of recom-
mendation implementations and a small percentage of vaccinated persons, which impairs 
the performance of this strategy. It is critical to the success of a universal program to ensure 
that adequate vaccine coverage is achieved. A comparison of various immunization strate-
gies suggests that the coverage of at least 40% within the adult population is required to 
achieve herd immunity [2]. In practice, achievement of such high indicators is impossible.

Barriers to receiving vaccines by close contacts include lack of knowledge about the disease 
and the benefits of vaccination, time and monetary constraints, forgetting about vaccine rec-
ommendations if previously received.

Although it is recommended to vaccinate all close contacts under a cocoon strategy, vaccina-
tions are frequently limited to mothers, which also influence negatively the effectiveness of 
the strategy. Vaccinations should be universal and cover caregivers of all infants instead of 
being addressed solely to the families of children from risk groups.

To conclude, cocoon strategy for protective vaccinations constitutes a valuable complement to 
universal vaccination programs. Nonetheless, it should not be the only recommended strategy 
but it should be an element of a comprehensive strategy for preventing infectious diseases.

Author details

Aneta Nitsch-Osuch

Address all correspondence to: anitsch@wum.edu.pl

Department of Social Medicine and Public Health, Medical University of Warsaw, Poland

Vaccines16

References

[1] Healy CM. The cocoon strategy. Texas Medicine. 2008;104(8):3

[2] Lim GH, Deeks SL, Crowcroft NS. A cocoon immunisation strategy against pertussis for 
infants: Does it make sense for Ontario? Euro Surveillance. 2014;19(5);1-9: 20688

[3] Zielinski A. The concept of herd immunity applied to the evaluation of vaccination pro-
grammes. Przeglad Epidemiologiczny. 1999;53(3-4):245-255

[4] Kuri-Morales PA, Guzmán-Morales E, De La Paz-Nicolau E, Salas-Fernández A. 
Emerging and reemerging diseases. Gaceta Medica de Mexico. 2015;151(5):674-680

[5] Thomas SL, Walker JL, Fenty J, Atkins KE, Elliot AJ, Hughes HE, Stowe J, Ladhani S, 
Andrews NJ. Impact of the national rotavirus vaccination programme on acute gastro-
enteritis in England and associated costs averted. Vaccine. 2016;35(4):680-686

[6] Kuchar E, Karlikowska-Skwarnik M, Han S, Nitsch-Osuch A. Pertussis: History of the 
disease and current prevention failure. Advances in Experimental Medicine and Biology. 
2016;934:77-82

[7] von König CH, Halperin S, Riffelmann M, Guiso N. Pertussis of adults and infants. 
Lancet Infectious Diseases. 2002;2(12):744-750

[8] Crowcroft NS, Stein C, Duclos P, Birmingham M. How best to estimate the global bur-
den of pertussis? Lancet Infectious Diseases. 2003;3(7):413-418

[9] Bonmarin I, Levy-Bruhl D, Baron S, Guiso N, Njamkepo E, Caro V. Pertussis surveillance 
in French hospitals: Results from a 10 year period. Euro Surveillance. 2007;12(1):34-38

[10] Bisgard KM, Pascual FB, Ehresmann KR, Miller CA, Cianfrini C, Jennings CE, Rebmann 
CA, Gabel J, Schauer SL, Lett SM. Infant pertussis: Who was the source? Pediatric 
Infectious Disease Journal. 2004;23(11):985-989

[11] Wendelboe AM, Njamkepo E, Bourillon A, D. Floret D, Gaudelus J, Gerber M, Grimprel 
E, Greenberg D, Halperin S, Liese J, Muñoz-Rivas F, Teyssou R, Guiso M, Van Rie A. 
Transmission of Bordetella pertussis to young infants. Pediatric Infectious Disease Journal. 
2007;26(4):293-299

[12] Kowalzik F, Barbosa AP, Fernandes VR, Carvalho PR, Avila-Aguero ML, Goh DY, Goh 
A, de Miguel JG, Moraga F, Roca J, Campins M, Huang M, Quian J, Riley N, Beck D, 
Verstraeten T. Prospective multinational study of pertussis infection in hospitalized infants 
and their household contacts. Pediatric Infectious Disease Journal. 2007;26(3):238-242

[13] de Greeff SC, Mooi FR, Westerhof A, Verbakel JM, Peeters MF, Heuvelman CJ, Notermans 
DW, Elvers LH, Schellekens JF, de Melker HE. Pertussis disease burden in the house-
hold: How to protect young infants. Clinical Infectious Diseases. 2010;50(10):1339-1345

Cocoon Strategy of Vaccinations: Benefits and Limitations
http://dx.doi.org/10.5772/intechopen.68890

17



result in the increased interest in the vaccinations, only a small group of healthcare  personnel 
are vaccinated despite their initial intentions of undergoing a vaccination. Pertussis educa-
tion for medical professionals could solve this problem. Tdpa vaccine is safe and effective. 
Pertussis booster vaccinations for healthcare personnel might be the most effective to dimin-
ish the risk of pertussis cases and the occurrence of hospital infections in healthcare facilities.

7. Benefits and drawbacks of the cocoon strategy for protective 
vaccinations

The main benefit of cocoon strategy is that it decreases the risk of the transmission of an 
infectious disease in the environment of a patient who might become infected but cannot be 
vaccinated. A universal adult pertussis program does not only serve to decrease the disease in 
the overall risk of disease among infants (beyond that which might be achieved with a more 
focused cocoon strategy) but it also protects adults against the disease.

The main drawback of a cocoon strategy is that it is characterized by a low level of recom-
mendation implementations and a small percentage of vaccinated persons, which impairs 
the performance of this strategy. It is critical to the success of a universal program to ensure 
that adequate vaccine coverage is achieved. A comparison of various immunization strate-
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Abstract

Human papillomaviruses (HPVs) are a large family of double-strand DNA viruses com-
prising more than 180 types. Infection with HPV is associated with benign and malig-
nant proliferation of skin and mucosae. Low-risk HPVs produce warts, whereas high-risk 
viruses induce tumors. Because there are no anti-viral drugs for HPV infection, there is 
a lot of interest in vaccines that can prevent the infection and also in vaccines that can be 
used to treat established infections and HPV-related tumors. Two prophylactic vaccines 
have been approved for preventing HPV infection. They seem to be effective when very 
young people are vaccinated. Unfortunately, many older people are still at risk of infec-
tion, mainly in countries where vaccination coverage is not efficient and for those people, 
novel therapeutic vaccines are being developed. This chapter describes the properties 
of HPV vaccines used today and the current status of several therapeutic vaccines been 
developed to treat HPV-induced lesions.

Keywords: human papillomavirus, T cell, cytotoxicity, immunoglobulin, antibody, vaccinia 
virus

1. Introduction

About 40 years ago, human papillomavirus (HPV) infections were initially reported. This 
viral infection caused benign warts, which in most cases regressed spontaneously [1]. Since 
then, several types of HPV have been identified. Some of them have been associated with 
cervical carcinoma [2]. This form of cancer is very frequent around the world [3] and mostly 
among women [4].

HPV have selective tropism for cutaneous or mucosal epithelia [5]. More than 200 genotypes 
of HPV have been identified and classified into high-risk and low-risk groups  according to 
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their degree of oncogenic capacity [6]. The two most common low-risk HPV are HPV 6 
and HPV 11. They cause most genital warts and recurrent respiratory papillomas [7]. The 
HVP types, HPV 16 and HPV 18, are responsible for about 60% of all cancer cases [4, 8]. 
High-risk HPV are involved in other types of cancer, including tumors of anus, vagina, 
vulva, and penis [9]. In addition, many tongue, trough, and tonsil tumors are also caused 
by HPV [10–12].

Most sexually active women will be infected by at least one high-risk HPV during their life-
time [13]. Most of these infections will remain asymptomatic and are eliminated by the immune 
system [14]. However, for a fraction of infected women whose immune system fails to clear 
the infection, the virus can persist for a long time causing lesions that may further progress 
into cervical intraepithelial neoplasia (CIN) and even cervical cancer [15, 16]. Early detection 
of HPV-induced lesions is relevant for preventing the development of cancer. Confirming 
the presence of HPV DNA in the lesion is the most effective way to diagnose HPV infection 
[17, 18]. Unfortunately, this type of testing is expensive and difficult to implement in poor 
parts of the world [19]. Therefore, regular screening of cytological (Pap smear) or colposcopic 
abnormalities continues to be an effective preventive strategy for cervical cancer [20]. Still, 
this is not easy to accomplish in many parts of the world, and HPV-induced cancer continues 
to be a significant global health burden [3, 21].

The fact that most HPV infections are cleared spontaneously shows that the immune system 
can effectively eliminate virus-infected cells. This provides an opportunity for controlling 
HPV-induced cancers through immunization and other novel therapies. Vaccines have been 
successfully used as a preventative measure against many viral infectious diseases, including 
smallpox, polio, measles, yellow fever, and hepatitis B [22]. Similarly, a couple of prophylactic 
vaccines have been developed to prevent HPV infections. These vaccines direct the immune 
system toward the major capsid protein L1 of the HPV particle [23, 24]. Prophylactic vaccines 
have been effective in preventing vaccinated, healthy patients from acquiring HPV infections. 
They have also been effective in preventing reinfection by the same HPV type. However, these 
prophylactic vaccines have not shown any therapeutic effects on established HPV infections 
or HPV-induced lesions [25, 26]. Despite these advances in prevention of HPV infections, 
there is still a need for treatments of already existing HPV infections and their associated 
malignancies. Novel therapeutic approaches take advantage of our knowledge on how the 
immune system eliminates virus-infected cells through cytotoxic T cells [27]. Based on this, 
therapeutic vaccines and intralesion immunotherapeutic strategies are been developed. The 
idea behind them is to activate specific cytotoxic cells toward HPV-infected cells [28, 29]. In 
this chapter, we describe the current status of the prophylactic vaccines, and discuss the sev-
eral therapeutic vaccines that are under development for treatment of HPV-induced lesions.

2. Papillomavirus

Papillomavirus belong to the Papovaviridae family of DNA viruses. The genome of these 
viruses is about 8000 base pairs and comprises eight defined genes (Figure 1). Six early genes 
code for proteins involved in virus replication and two late genes code for proteins that form 
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the capsid of virus. HPV gene expression is coordinated with the differentiation process of the 
epithelium. During infection, thousands of new virions are formed and released from the cells 
without causing cell death [30, 31].

2.1. Low-risk HPV

Infection with HPV is very common and is associated with benign and malignant prolifera-
tion of skin and squamous mucosae. Viruses that produce asymptomatic infections or that 
induce benign growth are classified as low-risk. HPV 6 and HPV 11 are the most common 
low-risk HPV. Other types are HPV 42, 43, 44, and 45. They produce genital warts and recur-
rent respiratory papillomas [7]. The standard therapy for low-risk HPV infections is usually 
the physical removal of the lesion. For this, cryotherapy, application of trichloroacetic acid, 
laser treatment, or surgical removal is most common.

2.2. High-risk HPV

HPV infections that do not clear spontaneously, usually persist for a long time, and eventu-
ally they induce tissue transformation leading to cancer. The viruses associated with tumor 

Figure 1. Human papilloma virus genome. The genomic organization of the human papilloma virus 16 is shown. The 
double strand DNA is about 8000 base pairs. The sequence LCR (long consensus repeat) comprises the promoter and 
enhancer elements. The early genes E1, E2, E6, and E7 code for proteins involved in viral replication and transcription. The 
E4 and E5 genes code for proteins involved in immune evasion and virus release. The late genes L1 and L2 code for the virus 
structural proteins. The E6 and E7 proteins alter the cell replication process and in consequence can function as oncogenes.
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formation are classified as high-risk HPV. In this group, we find the HPV types 16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, and 58. This group is very important because only about 15 high-risk 
HPV are responsible for around 95% of all cervical carcinomas [8]. Among these viruses, 
types HPV 16 and HPV 18 account for about 50 and 14% of all cases of cervical cancer, respec-
tively [4]. High-risk HPV are also involved in other types of cancer, including tumors of the 
anus, the vagina, vulva, and penis. For these types of tumors, HPV 16 is the most common 
virus [9]. Also, tumors in tongue, trough [11], and tonsil are also caused by HPV [10]. Similar 
to most neoplasias, tumor development is a progressive disease. In the case of high-risk HPV 
infections, malignant lesions display various degrees of histological abnormalities. For the 
cervix, these lesions are classified as cervical intraepithelial neoplasia (CIN) 1, mild; CIN 2, 
moderate; and CIN 3, severe. All of these lesions can progress to invasive cancer.

2.3. Life cycle of HPV infection

The human papillomavirus (HPV) infect the epithelium of the cervix, and their replication 
is closely linked to the differentiation of the epithelium [30, 31] (Figure 2). The life cycle of 
the virus begins when it infects a keratinocyte in the basal layer of the epithelium. The virus 
usually gets access to the basal membrane through a micro trauma of the epithelium. Once 
inside the cell, the virus DNA is maintained in the proliferating cells at a low-copy number. 
During this time, the E1 and E2 genes are expressed and their proteins regulate viral DNA 
replication and expression of the other early viral genes. E1 is a viral enzyme with ATPase 
and helicase activity [32, 33]. E2 is a DNA-binding protein involved in activation or repres-
sion of different HPV promoters [34, 35]. As the infected cell migrates toward the superfi-
cial layers of the squamous epithelium, the viral genome gets integrated into the cellular  

Figure 2. Papilloma virus life cycle. An HPV (human papilloma virus) can reach the base of an epithelium through small 
cuts and then infect cells. The virus DNA (circles) replicates in the proliferating cells first at a low-copy number, and 
later when cells differentiate at a high-copy number. In the cells at the top of the epithelium, new virions are formed and 
released without causing cell death. Expression of the virus proteins is shown at the right.
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genome. This  integration disrupts or inactivates the E2 gene, leading to a derepression of 
the E6 and E7 genes. The E6 and E7 gene products modify the cell cycle to maintain the 
infected keratinocyte in a state, which is advantageous for viral DNA amplification. The E6 
protein can associate with and inactivate the p53 tumor suppressor protein. E6 ubiquitinates 
p53, thus labeling it for proteosomal degradation. The E7 protein binds to the retinoblas-
toma tumor suppressor gene product pRB, and in this way it competes for binding of pRB to 
the transcription factor E2F. The result is the release of E2F, which can bind and activate its 
DNA targets to promote cell cycle progression. With these effects, E6 and E7 are truly onco-
proteins and are also responsible for cell transformation [36]. Expression of these oncogenes 
appears to be a critical step in the maintenance of the transformed stage and progression to 
invasive carcinoma. The classification of HPV as low- or high-risk types seems to be deter-
mined by the relative affinities of E6 and E7 to p53 and pRB, respectively [37]. The E4 gene is 
an open-reading frame (ORF) within the E2 ORF. This gene product is generated by spliced 
mRNA and is located centrally within the E2 gene. The E4 is involved in the amplification 
success and virus synthesis, suggesting a role in virus release and/or transmission [38]. The 
E5 gene is the least studied so far. Its function is not well characterized. However, HPV 
infection and transformation take place in complex regulatory patterns of gene expression, 
in which E5 gene is involved. E5 proteins are thought to act by modulating the activity of 
cellular proteins [39].

As the infected keratinocytes differentiate and move to the suprabasal and granular epithelial 
layers, the late genes L1 and L2 are expressed. The proteins L1 and L2 are the major and minor 
capsid proteins, respectively, and encapsidate the newly synthesized viral DNA (Figure 2). 
L1 can assemble spontaneously into a 72-pentamer icosahedral structure that closely resem-
bles new virions [40]. These pentamers together with the L2 protein form the complete viral 
capsid [41]. This new capsid gains stability by disulfide bonds between L1 and L2 proteins, 
and provides resistance to environmental insults when the virus is shed from the epithe-
lium [42], completing the HPV lifecycle (Figure 2).

3. Therapy for HPV infections

HPV infection of the anogenital area produces two types of lesions: warts (condyloma acu-
minata) and squamous intraepithelial lesions. These intraepithelial lesions can progress to 
neoplasia when a high-risk HPV is involved. Treatment for cervical intraepithelial neopla-
sia (CIN) usually contemplates elimination of the damaged HPV-infected tissue, leaving the 
healthy tissue of the cervix intact [43]. Ablative therapies commonly used include cryother-
apy, excision procedures (conization), and electrosurgery [44, 45].

4. Immune response to HPV

Protection against viral infections is provided by both arms of the immune system. First, HPV 
infects cells in a damaged epithelium. The initial inflammation response attracts immune cells 
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formation are classified as high-risk HPV. In this group, we find the HPV types 16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, and 58. This group is very important because only about 15 high-risk 
HPV are responsible for around 95% of all cervical carcinomas [8]. Among these viruses, 
types HPV 16 and HPV 18 account for about 50 and 14% of all cases of cervical cancer, respec-
tively [4]. High-risk HPV are also involved in other types of cancer, including tumors of the 
anus, the vagina, vulva, and penis. For these types of tumors, HPV 16 is the most common 
virus [9]. Also, tumors in tongue, trough [11], and tonsil are also caused by HPV [10]. Similar 
to most neoplasias, tumor development is a progressive disease. In the case of high-risk HPV 
infections, malignant lesions display various degrees of histological abnormalities. For the 
cervix, these lesions are classified as cervical intraepithelial neoplasia (CIN) 1, mild; CIN 2, 
moderate; and CIN 3, severe. All of these lesions can progress to invasive cancer.

2.3. Life cycle of HPV infection

The human papillomavirus (HPV) infect the epithelium of the cervix, and their replication 
is closely linked to the differentiation of the epithelium [30, 31] (Figure 2). The life cycle of 
the virus begins when it infects a keratinocyte in the basal layer of the epithelium. The virus 
usually gets access to the basal membrane through a micro trauma of the epithelium. Once 
inside the cell, the virus DNA is maintained in the proliferating cells at a low-copy number. 
During this time, the E1 and E2 genes are expressed and their proteins regulate viral DNA 
replication and expression of the other early viral genes. E1 is a viral enzyme with ATPase 
and helicase activity [32, 33]. E2 is a DNA-binding protein involved in activation or repres-
sion of different HPV promoters [34, 35]. As the infected cell migrates toward the superfi-
cial layers of the squamous epithelium, the viral genome gets integrated into the cellular  

Figure 2. Papilloma virus life cycle. An HPV (human papilloma virus) can reach the base of an epithelium through small 
cuts and then infect cells. The virus DNA (circles) replicates in the proliferating cells first at a low-copy number, and 
later when cells differentiate at a high-copy number. In the cells at the top of the epithelium, new virions are formed and 
released without causing cell death. Expression of the virus proteins is shown at the right.
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genome. This  integration disrupts or inactivates the E2 gene, leading to a derepression of 
the E6 and E7 genes. The E6 and E7 gene products modify the cell cycle to maintain the 
infected keratinocyte in a state, which is advantageous for viral DNA amplification. The E6 
protein can associate with and inactivate the p53 tumor suppressor protein. E6 ubiquitinates 
p53, thus labeling it for proteosomal degradation. The E7 protein binds to the retinoblas-
toma tumor suppressor gene product pRB, and in this way it competes for binding of pRB to 
the transcription factor E2F. The result is the release of E2F, which can bind and activate its 
DNA targets to promote cell cycle progression. With these effects, E6 and E7 are truly onco-
proteins and are also responsible for cell transformation [36]. Expression of these oncogenes 
appears to be a critical step in the maintenance of the transformed stage and progression to 
invasive carcinoma. The classification of HPV as low- or high-risk types seems to be deter-
mined by the relative affinities of E6 and E7 to p53 and pRB, respectively [37]. The E4 gene is 
an open-reading frame (ORF) within the E2 ORF. This gene product is generated by spliced 
mRNA and is located centrally within the E2 gene. The E4 is involved in the amplification 
success and virus synthesis, suggesting a role in virus release and/or transmission [38]. The 
E5 gene is the least studied so far. Its function is not well characterized. However, HPV 
infection and transformation take place in complex regulatory patterns of gene expression, 
in which E5 gene is involved. E5 proteins are thought to act by modulating the activity of 
cellular proteins [39].
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bles new virions [40]. These pentamers together with the L2 protein form the complete viral 
capsid [41]. This new capsid gains stability by disulfide bonds between L1 and L2 proteins, 
and provides resistance to environmental insults when the virus is shed from the epithe-
lium [42], completing the HPV lifecycle (Figure 2).

3. Therapy for HPV infections

HPV infection of the anogenital area produces two types of lesions: warts (condyloma acu-
minata) and squamous intraepithelial lesions. These intraepithelial lesions can progress to 
neoplasia when a high-risk HPV is involved. Treatment for cervical intraepithelial neopla-
sia (CIN) usually contemplates elimination of the damaged HPV-infected tissue, leaving the 
healthy tissue of the cervix intact [43]. Ablative therapies commonly used include cryother-
apy, excision procedures (conization), and electrosurgery [44, 45].

4. Immune response to HPV

Protection against viral infections is provided by both arms of the immune system. First, HPV 
infects cells in a damaged epithelium. The initial inflammation response attracts immune cells 
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to the tissue, mainly neutrophils, followed by macrophages and later lymphocytes. These 
innate immune cells can detect nonspecific viral molecules, such as double-stranded viral 
DNA. In response, cells produce inflammatory cytokines, such as interleukin (IL)-1β, IL-6, 
IL-8, IL-12, and α-, β-, and γ-interferon (IFN), which in turn activate natural killer (NK) 
cells [46]. Later, when the new viral proteins are produced, these proteins can be taken up 
by antigen-presenting cells (APCs), such as Langerhans cells or dendritic cells (DCs) [47]. 
These APCs process the proteins into small peptides and present them together with major 
histocompatibility complex (MHC) molecules on the cell membrane, to lymphocytes (T cells) 
for initiation of an adaptive immune response (Figure 3). Activated CD4+ helper T cells can 
differentiate into Th1, Th2, or Treg/Th3 phenotypes depending on the cytokines they produce. 
CD4+ helper T cells then, on one hand help activating B cells for the production of specific 
anti-virus antibodies. On the other hand, they help CD8+ T cells to differentiate into cytotoxic 
T lymphocytes (CTL) which secrete the proteolytic enzymes, granzyme, and perforin [48]. 
CTLs are the most efficient cells for destroying HPV-infected cells (Figure 4).

An adaptive immune response against the virus is important and for the most cases effective 
for controlling HPV infections [27]. This is supported by the fact that most HPV-related lesions 
are cleared spontaneously by immune-competent individuals [14, 30]. Also, in HPV-related 
regressing, but not in persistent lesions, infiltration of cytotoxic T cells has been detected [49]. 
Moreover, in immunosuppressed individuals, such as organ transplant  recipients [50] or 

Figure 3. Humoral immune response to HPV. Dendritic cells (DC) capture HPV antigens from infected cells and migrate 
to lymph nodes, where they present the processed antigen to CD4+ T cells. These T cells then differentiate into T helper 
cells, either Th1 or Th2, depending on the type of cytokines they produce. B cells recognize native viral antigens and with 
help from Th2 cells, differentiate into antibody (IgG)-secreting plasma cells.
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human immunodeficiency virus (HIV)-infected people present a higher incidence of HPV-
related lesions [51].

4.1. Humoral response

An efficient humoral immune response is detected in most patients with HPV infections. 
These patients have antibodies that recognize viral proteins, such as L1, E2, and E4 the first 
stage of infection. Later, when the virus DNA gets integrated into the cell genome, antibod-
ies specific for the E6 and E7 proteins can be found in some lesions. Unfortunately, this anti-
body response is weak and variable and it does not seem to protect from future re-infections 
[52]. Thus, humoral responses are not efficient at eliminating established HPV lesions.

4.2. Cellular response

A cellular immune response is more important for eliminating HPV-related lesions. Activated 
CD8+ cytotoxic T cells, can efficiently destroy virus-infected cells, and in doing so they also 
prevent the onset of cancer lesions (Figure 4). The central role of T cells for controlling HPV 
infections is supported by many clinical observations where the elimination of lesions corre-
lates with T cell functions. For example, patients who successfully eliminated previous HPV 
16 infections present memory T cell responses to viral proteins [53], and in patients with 
spontaneous regression of grade 3 vulvar intraepithelial neoplasia strong CD4+ and CD8+ T 
cell responses are found [49]. In contrast, patients with cervical intraepithelial neoplasia or 
cervical cancer present deficient T cell responses [54].

Figure 4. Cellular immune response to HPV. Dendritic cells (DC) take HPV antigens and migrate  to lymph nodes. There, 
DC present processed viral antigens to CD8+ T cells in the context of MHC class I molecules and to CD4+ T cells in the 
context of MHC class II molecules. CD4+ T cells differentiate  into T helper (Th1 or Th2) cells. With the help from Th1 
cells, CD8+ T cells differentiate into cytotoxic T cells (CTL). These CTL migrate back to kill virus-infected epithelial cells. 
CD4+ T cells can also differentiate  into regulatory T cells (Treg), which inhibit the cytotoxic activity of CTL.
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to the tissue, mainly neutrophils, followed by macrophages and later lymphocytes. These 
innate immune cells can detect nonspecific viral molecules, such as double-stranded viral 
DNA. In response, cells produce inflammatory cytokines, such as interleukin (IL)-1β, IL-6, 
IL-8, IL-12, and α-, β-, and γ-interferon (IFN), which in turn activate natural killer (NK) 
cells [46]. Later, when the new viral proteins are produced, these proteins can be taken up 
by antigen-presenting cells (APCs), such as Langerhans cells or dendritic cells (DCs) [47]. 
These APCs process the proteins into small peptides and present them together with major 
histocompatibility complex (MHC) molecules on the cell membrane, to lymphocytes (T cells) 
for initiation of an adaptive immune response (Figure 3). Activated CD4+ helper T cells can 
differentiate into Th1, Th2, or Treg/Th3 phenotypes depending on the cytokines they produce. 
CD4+ helper T cells then, on one hand help activating B cells for the production of specific 
anti-virus antibodies. On the other hand, they help CD8+ T cells to differentiate into cytotoxic 
T lymphocytes (CTL) which secrete the proteolytic enzymes, granzyme, and perforin [48]. 
CTLs are the most efficient cells for destroying HPV-infected cells (Figure 4).

An adaptive immune response against the virus is important and for the most cases effective 
for controlling HPV infections [27]. This is supported by the fact that most HPV-related lesions 
are cleared spontaneously by immune-competent individuals [14, 30]. Also, in HPV-related 
regressing, but not in persistent lesions, infiltration of cytotoxic T cells has been detected [49]. 
Moreover, in immunosuppressed individuals, such as organ transplant  recipients [50] or 

Figure 3. Humoral immune response to HPV. Dendritic cells (DC) capture HPV antigens from infected cells and migrate 
to lymph nodes, where they present the processed antigen to CD4+ T cells. These T cells then differentiate into T helper 
cells, either Th1 or Th2, depending on the type of cytokines they produce. B cells recognize native viral antigens and with 
help from Th2 cells, differentiate into antibody (IgG)-secreting plasma cells.
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human immunodeficiency virus (HIV)-infected people present a higher incidence of HPV-
related lesions [51].

4.1. Humoral response

An efficient humoral immune response is detected in most patients with HPV infections. 
These patients have antibodies that recognize viral proteins, such as L1, E2, and E4 the first 
stage of infection. Later, when the virus DNA gets integrated into the cell genome, antibod-
ies specific for the E6 and E7 proteins can be found in some lesions. Unfortunately, this anti-
body response is weak and variable and it does not seem to protect from future re-infections 
[52]. Thus, humoral responses are not efficient at eliminating established HPV lesions.

4.2. Cellular response

A cellular immune response is more important for eliminating HPV-related lesions. Activated 
CD8+ cytotoxic T cells, can efficiently destroy virus-infected cells, and in doing so they also 
prevent the onset of cancer lesions (Figure 4). The central role of T cells for controlling HPV 
infections is supported by many clinical observations where the elimination of lesions corre-
lates with T cell functions. For example, patients who successfully eliminated previous HPV 
16 infections present memory T cell responses to viral proteins [53], and in patients with 
spontaneous regression of grade 3 vulvar intraepithelial neoplasia strong CD4+ and CD8+ T 
cell responses are found [49]. In contrast, patients with cervical intraepithelial neoplasia or 
cervical cancer present deficient T cell responses [54].

Figure 4. Cellular immune response to HPV. Dendritic cells (DC) take HPV antigens and migrate  to lymph nodes. There, 
DC present processed viral antigens to CD8+ T cells in the context of MHC class I molecules and to CD4+ T cells in the 
context of MHC class II molecules. CD4+ T cells differentiate  into T helper (Th1 or Th2) cells. With the help from Th1 
cells, CD8+ T cells differentiate into cytotoxic T cells (CTL). These CTL migrate back to kill virus-infected epithelial cells. 
CD4+ T cells can also differentiate  into regulatory T cells (Treg), which inhibit the cytotoxic activity of CTL.
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4.3. Mechanisms of HPV to evade the immune system

HPV can be detected and eliminated by an efficient immune system. However, HPV also pos-
sess strategies to reduce the actions of the immune system. The best way to trick the immune 
system is to avoid detection. HPV infects tissues where immune surveillance is limited. In the 
epithelium of the cervix, the number of DCs greatly declines toward the external layers. 
Also, the virus replication is coupled with the differentiation state of the infected keratino-
cyte. Expression of viral proteins increases progressively with differentiation and upward 
migration of keratinocytes. Thus, the most immunogenic viral proteins are expressed last, in 
cells that are found in areas of poor immune surveillance (Figures 3 and 4). In addition, new 
virions are released through the normal rupture of surface epithelium. This action prevents 
inflammation and reduces the virus uptake by DCs. Therefore, HPV replication is a local phe-
nomenon with minimal activation of the immune system.

In addition, HPV has other strategies that interfere with the immune response [27]. The E6 
and E7 proteins block IFN production by the infected cell. E6 blocks the transcription factor 
IFR-3, which activates β-IFN gene expression. With less interferon produced, many interferon-
responsive genes are downregulated [55]. Similarly, E7 also inhibits the expression of α-IFN-
responsive genes [56, 57]. Also these two oncoproteins can reduce expression of Toll-like 
receptor (TLR) 9 [58], and some cytokines, such as IL-8 and IL-18 [59, 60]. TLR 9 is expressed in 
endosomal vesicles where it binds to unmethylated CpG sequences in viral DNA. TLR 9 then 
signals for production of anti-virus proteins, such as type-I interferon [58]. IL-8 is a potent che-
moattractant for neutrophils and T lymphocytes [59], whereas IL-18 induces γ-IFN production 
by leukocytes [60]. Thus, E6 and E7 proteins can block several innate immune responses. In 
addition, the viral proteins E5, E6, and E7 can inhibit the expression of MHC class I molecules, 
reducing recognition of the HPV-infected cell by NK cells and by specific CTLs [61].

5. Prophylactic vaccines

Due to the strong correlation between the presence of HPV infection and tumors, it was 
thought that by preventing HPV infections, the HPV-induced cancers would disappear. Also 
as mentioned above, because HPV capsid proteins are recognized by antibodies from infected 
patients, it is clear that antibodies can bind virus particles. Thus, HPV vaccines that would 
induce the production of antibodies and could prevent infection were developed in the last 
decade. The pharmaceutical companies, Merck in the USA and GlaxoSmithKline (GSK) in 
Europe, created the two prophylactic vaccines approved and used today. Both vaccines, take 
advantage of the fact that capsid L1 proteins spontaneously assemble in virus-like particles 
(VLP) without viral DNA. These VLP, produced by overexpressing HPV L1 protein in yeast 
or insect cells, provide a source of the immunogenic L1 proteins in a non-infective form.

5.1. Cervarix® and Gardasil®

Cervarix® (GSK) is a bivalent vaccine against VLP of HPV types 16 and 18, produced in insect 
cells [62], whereas Gardasil® (Merck) is a quadrivalent vaccine made with VLP of HPV types 
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6, 11, 16, and 18, produced in yeast [63]. Both prophylactic vaccines are designed for HPV 
naïve individuals, since as mentioned above antibodies do not have a protective effect on 
already infected individuals. These vaccines generate a good antibody response that prevents 
new infections with high efficacy [64–66] from the HPV types included in the vaccines. Due 
to a small cross-reactivity [64], these vaccines also show some prophylactic effect on other 
HPV subtypes not included in the vaccine [67, 68]. However, for the most part these vaccines 
are effective only for those HPV types included. A new version of these vaccines including 
nine different types of HPV (6, 11, 16, 18, 31, 33, 45, 52, and 58) has also been developed. Since 
Gardasil 9® seems to be cost effective compared to the previous vaccines [69], it has also been 
licensed for clinical use [70].

These vaccines promise to reduce, in the future (30 years from now) the incidence of infection 
from the HPV types included in them [71]. However, this promise could only be possible if 
more than 50% of uninfected people get vaccinated. Unfortunately, this kind of coverage for 
boys and girls before the onset sexual activity, will be difficult and expensive in many parts 
of the world [72]. Thus, incidence of HPV-related diseases can increase despite HPV vaccina-
tion [73] due to many unvaccinated people, who will remain at a high risk and in need for 
treatment. In addition, distribution of HPV types among cervical malignancies changes all 
over the world [74–76]. Although, the high-risk HPV 16 and 18 are associated with most cervi-
cal cancers in Occident, this is not the case in Asia, where less than 60% of cervical cancer are 
related to these HPV types [28]. Therefore, the current prophylactic vaccines cannot cover all 
oncogenic types of HPV in different populations, and their general use in other parts of the 
world is questionable [68].

5.2. Limitations of current vaccines

As already mentioned, the current prophylactic vaccines against HPV have a limited coverage 
to only those types included in the vaccine. Since the antibody immune response to L1 pro-
teins is highly specific, no general coverage can be achieved. In addition, the current prophy-
lactic vaccines do not elicit cell-mediated immunity. This means that although these vaccines 
can protect from most HPV infections (70–80%), the rest of HPV types remain a serious threat 
for HPV-induced diseases even after vaccination [62, 77]. Despite government efforts to sub-
sidize vaccination programs in order to achieve full coverage, it remains that even vaccinated 
females must continue cervical cancer screening [78].

These vaccines are directed against the L1 protein of only certain types of HPV. In order 
to increase coverage vaccines against all HPV types would need to be produced. This will 
increase the cost of production on multivalent vaccines. The use of adjuvants to augment 
the immunogenicity of the capsid proteins makes the vaccine thermolabile and also adds to 
the cost of the vaccine. The problem is that the population that is in need of these vaccines is 
exactly the one with fewer economical resources. Recently, a two-dose immunization protocol 
has been tried instead of the recommended three doses schedule. This seems to provide simi-
lar protection and thus it is a promising cost reducing strategy [79, 80].

The vaccines are designed for HPV naïve individuals. This requires that very young people 
get vaccinated before becoming sexually active. The benefit for immunizing older women 
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4.3. Mechanisms of HPV to evade the immune system

HPV can be detected and eliminated by an efficient immune system. However, HPV also pos-
sess strategies to reduce the actions of the immune system. The best way to trick the immune 
system is to avoid detection. HPV infects tissues where immune surveillance is limited. In the 
epithelium of the cervix, the number of DCs greatly declines toward the external layers. 
Also, the virus replication is coupled with the differentiation state of the infected keratino-
cyte. Expression of viral proteins increases progressively with differentiation and upward 
migration of keratinocytes. Thus, the most immunogenic viral proteins are expressed last, in 
cells that are found in areas of poor immune surveillance (Figures 3 and 4). In addition, new 
virions are released through the normal rupture of surface epithelium. This action prevents 
inflammation and reduces the virus uptake by DCs. Therefore, HPV replication is a local phe-
nomenon with minimal activation of the immune system.

In addition, HPV has other strategies that interfere with the immune response [27]. The E6 
and E7 proteins block IFN production by the infected cell. E6 blocks the transcription factor 
IFR-3, which activates β-IFN gene expression. With less interferon produced, many interferon-
responsive genes are downregulated [55]. Similarly, E7 also inhibits the expression of α-IFN-
responsive genes [56, 57]. Also these two oncoproteins can reduce expression of Toll-like 
receptor (TLR) 9 [58], and some cytokines, such as IL-8 and IL-18 [59, 60]. TLR 9 is expressed in 
endosomal vesicles where it binds to unmethylated CpG sequences in viral DNA. TLR 9 then 
signals for production of anti-virus proteins, such as type-I interferon [58]. IL-8 is a potent che-
moattractant for neutrophils and T lymphocytes [59], whereas IL-18 induces γ-IFN production 
by leukocytes [60]. Thus, E6 and E7 proteins can block several innate immune responses. In 
addition, the viral proteins E5, E6, and E7 can inhibit the expression of MHC class I molecules, 
reducing recognition of the HPV-infected cell by NK cells and by specific CTLs [61].

5. Prophylactic vaccines

Due to the strong correlation between the presence of HPV infection and tumors, it was 
thought that by preventing HPV infections, the HPV-induced cancers would disappear. Also 
as mentioned above, because HPV capsid proteins are recognized by antibodies from infected 
patients, it is clear that antibodies can bind virus particles. Thus, HPV vaccines that would 
induce the production of antibodies and could prevent infection were developed in the last 
decade. The pharmaceutical companies, Merck in the USA and GlaxoSmithKline (GSK) in 
Europe, created the two prophylactic vaccines approved and used today. Both vaccines, take 
advantage of the fact that capsid L1 proteins spontaneously assemble in virus-like particles 
(VLP) without viral DNA. These VLP, produced by overexpressing HPV L1 protein in yeast 
or insect cells, provide a source of the immunogenic L1 proteins in a non-infective form.

5.1. Cervarix® and Gardasil®

Cervarix® (GSK) is a bivalent vaccine against VLP of HPV types 16 and 18, produced in insect 
cells [62], whereas Gardasil® (Merck) is a quadrivalent vaccine made with VLP of HPV types 
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6, 11, 16, and 18, produced in yeast [63]. Both prophylactic vaccines are designed for HPV 
naïve individuals, since as mentioned above antibodies do not have a protective effect on 
already infected individuals. These vaccines generate a good antibody response that prevents 
new infections with high efficacy [64–66] from the HPV types included in the vaccines. Due 
to a small cross-reactivity [64], these vaccines also show some prophylactic effect on other 
HPV subtypes not included in the vaccine [67, 68]. However, for the most part these vaccines 
are effective only for those HPV types included. A new version of these vaccines including 
nine different types of HPV (6, 11, 16, 18, 31, 33, 45, 52, and 58) has also been developed. Since 
Gardasil 9® seems to be cost effective compared to the previous vaccines [69], it has also been 
licensed for clinical use [70].

These vaccines promise to reduce, in the future (30 years from now) the incidence of infection 
from the HPV types included in them [71]. However, this promise could only be possible if 
more than 50% of uninfected people get vaccinated. Unfortunately, this kind of coverage for 
boys and girls before the onset sexual activity, will be difficult and expensive in many parts 
of the world [72]. Thus, incidence of HPV-related diseases can increase despite HPV vaccina-
tion [73] due to many unvaccinated people, who will remain at a high risk and in need for 
treatment. In addition, distribution of HPV types among cervical malignancies changes all 
over the world [74–76]. Although, the high-risk HPV 16 and 18 are associated with most cervi-
cal cancers in Occident, this is not the case in Asia, where less than 60% of cervical cancer are 
related to these HPV types [28]. Therefore, the current prophylactic vaccines cannot cover all 
oncogenic types of HPV in different populations, and their general use in other parts of the 
world is questionable [68].

5.2. Limitations of current vaccines

As already mentioned, the current prophylactic vaccines against HPV have a limited coverage 
to only those types included in the vaccine. Since the antibody immune response to L1 pro-
teins is highly specific, no general coverage can be achieved. In addition, the current prophy-
lactic vaccines do not elicit cell-mediated immunity. This means that although these vaccines 
can protect from most HPV infections (70–80%), the rest of HPV types remain a serious threat 
for HPV-induced diseases even after vaccination [62, 77]. Despite government efforts to sub-
sidize vaccination programs in order to achieve full coverage, it remains that even vaccinated 
females must continue cervical cancer screening [78].

These vaccines are directed against the L1 protein of only certain types of HPV. In order 
to increase coverage vaccines against all HPV types would need to be produced. This will 
increase the cost of production on multivalent vaccines. The use of adjuvants to augment 
the immunogenicity of the capsid proteins makes the vaccine thermolabile and also adds to 
the cost of the vaccine. The problem is that the population that is in need of these vaccines is 
exactly the one with fewer economical resources. Recently, a two-dose immunization protocol 
has been tried instead of the recommended three doses schedule. This seems to provide simi-
lar protection and thus it is a promising cost reducing strategy [79, 80].

The vaccines are designed for HPV naïve individuals. This requires that very young people 
get vaccinated before becoming sexually active. The benefit for immunizing older women 
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seems very limited, since no therapeutic effects have been detected for these vaccines [81]. 
The reason for this is that antibodies induced by these vaccines are directed against the L1 
proteins and once the infection is established, these proteins are not expressed. Contrary 
to this, a therapeutic vaccine would need to be directed against proteins that are expressed 
throughout the lifecycle of the virus [82] (see next section).

Although, a good humoral immune response is obtained and antibodies are capable of block-
ing infection, the prevention of cancer by these vaccines is still presumptive. In all clinical  
trials, the end point has been prevention of only CIN 2/3 lesions. Also, because HPV infections 
may take a long time to develop cancer, the anti-cancer effect of these vaccines will be known 
in the future, when vaccinated people become adults and are exposed to the virus [83].

5.3. New prophylactic vaccines

Both current prophylactic vaccines are based on L1 VLP and are therefore very HPV type spe-
cific, thermolabile, and costly. The quest for newer vaccines continues with the aim of making 
them more affordable, more thermostable, and with more coverage toward larger number of 
HPV types. With these goals in mind, newer prophylactic vaccines are in development. Two 
kinds are worth mentioning, a L2 protein-based vaccine and a capsomere vaccine.

The capsid L1 protein is highly specific for each type of HPV. In contrast, the L2 protein 
contains a region that is highly conserved among most high-risk HPV types. This fragment 
between amino acids 20 and 38 is capable of inducing antibodies that are neutralizing for many 
HPVs [84]. Unfortunately, the L2 protein is not very immunogenic, and several approaches 
are being used trying to increase its immunogenicity. These include producing a recombinant 
protein in bacteria, an expression system in Lactobacillus casei for possible oral immunization, 
and production of L2 VLP derived from bacteriophage PP7 [82, 85].

A VLP formed with L1 protein requires 360 copies of the protein. Thus, a VLP is complex, 
more expensive to produce, and thermolabile. In contrast, a capsomere is much simpler, ther-
mostable, and cheaper to produce. A capsomere is the basic component of the virus capsid. 
It has only five L1 copies of the protein, presents similar immunogenicity than an L1 VLP, and 
can be produced in bacteria [70]. A phase II clinical trial for a HPV 16 L1 capsomere vaccine is 
currently being conducted (NCT 01355823) [82, 86].

6. Therapeutic vaccines

Preventive vaccines are directed to the external proteins of the virus. By inducing a strong 
humoral immune response, the antibodies formed can bind to the virus capsid and block the 
interaction of the virus with endothelial cells. These antibodies can then neutralize the virus 
and prevent infection. However, this mechanism is not effective when the virus has already 
entered the cell. Antibodies induced by prophylactic vaccines cannot treat existing viral infec-
tions or established HPV-related diseases. Therefore, as discussed above, a high prevalence 
and mortality of cervical cancer still remains a serious health problem in the world, especially 
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in developing countries [3, 76]. In order to treat an established disease, the elements of the 
virus present during replication should be the target of the therapy involved. Also, since there 
are not anti-viral drugs, an effective treatment should be able to stimulate the immune system 
for elimination of virus-infected cells. An ideal therapeutic vaccine must activate both CD4+ 
(helper) and CD8+ (cytotoxic) T cells for elimination of the virus [37]. Cytotoxic cells need to 
recognize a viral antigen expressed in the infected cells. In the case of HPV, the capsid proteins 
L1 and L2 are expressed in terminally differentiated keratinocytes on the external part of the 
epithelium; a segment of the tissue where antibodies and cells cannot easily reach (Figure 2). 
In contrast, HPV early proteins, such as E1, E2, E6, and E7, are expressed in multiple stages 
of the virus infection (Figure 2). Consequently, these proteins are all good therapeutic targets.

E2 is a DNA-binding protein involved in activation or repression of different HPV promot-
ers [35], and it also has a relevant role in controlling migration of viral DNA to daughter cells 
during mitosis of infected cells [87]. Due to these functions, E2 is expressed in all stages of 
the infection (Figure 2). Thus, it is an excellent target for stimulating the immune system for 
elimination of infected cells at multiple replication stages. In earlier studies, dogs, immunized 
against papilloma E1 and E2 proteins, did not show papilloma growth after viral challenge, or 
even presented complete regression of papilloma [88, 89]. These encouraging findings led to 
devise new vaccines that could activate cellular immune responses to the E2 protein. Clinical 
trials with these new vaccines have provided very encouraging results (see next  section) 
[90, 91]. As indicated before, the E6 and E7 proteins are important for cancer. Therefore, they 
are also studied as probable antigens of therapeutic vaccines.

Different types of therapeutic vaccines have been designed and some have also been tested in 
clinical trials. These novel therapeutic vaccines can be grouped into five categories: peptide-
based, protein-based, DNA vaccination, viral vectors, and dendritic cell-based immunization 
[44, 82]and are described in the following sections.

6.1. Peptide-based vaccines

Instead of using a whole protein, fragments of it can be prepared for immunization. Peptides are 
cost-effective and safe, but they are also usually poorly immunogenic. Thus, in general, peptides 
need to be mixed with adjuvants to improve their immunogenicity, deciding what peptides 
are useful is not easy, however. Recognizing what parts of an HPV antigen are immunogenic 
is almost impossible to predict and small peptides normally only present linear epitopes. 
Conformational epitomes that may be needed for an efficient immune response are usually not 
included. Thus, current preparations contain mixtures of peptides. In addition, because MHC 
molecules (HLA in humans) are polymorphic, it is possible that some peptides cannot be pre-
sented in some patients. An approach used to avoid this, has been the use of restricted HLA-
binding peptides. Identification of these peptides is an even more complicated task, making the 
peptide approach unreliable and more expensive. Also, another complication with this strategy 
is that exogenously added peptides may load onto MHC class I molecules on cells other than 
antigen-presenting cells. In this case, the peptide-based vaccine may induce tolerance instead 
of stimulation [92]. In consequence, the best approach seems to be the use of long overlapping 
peptides, which appear to be processed and presented correctly by dendritic cells [93].

Prophylactic and Therapeutic Vaccines against Human Papillomavirus Infections
http://dx.doi.org/10.5772/intechopen.69548

35



seems very limited, since no therapeutic effects have been detected for these vaccines [81]. 
The reason for this is that antibodies induced by these vaccines are directed against the L1 
proteins and once the infection is established, these proteins are not expressed. Contrary 
to this, a therapeutic vaccine would need to be directed against proteins that are expressed 
throughout the lifecycle of the virus [82] (see next section).

Although, a good humoral immune response is obtained and antibodies are capable of block-
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5.3. New prophylactic vaccines

Both current prophylactic vaccines are based on L1 VLP and are therefore very HPV type spe-
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between amino acids 20 and 38 is capable of inducing antibodies that are neutralizing for many 
HPVs [84]. Unfortunately, the L2 protein is not very immunogenic, and several approaches 
are being used trying to increase its immunogenicity. These include producing a recombinant 
protein in bacteria, an expression system in Lactobacillus casei for possible oral immunization, 
and production of L2 VLP derived from bacteriophage PP7 [82, 85].

A VLP formed with L1 protein requires 360 copies of the protein. Thus, a VLP is complex, 
more expensive to produce, and thermolabile. In contrast, a capsomere is much simpler, ther-
mostable, and cheaper to produce. A capsomere is the basic component of the virus capsid. 
It has only five L1 copies of the protein, presents similar immunogenicity than an L1 VLP, and 
can be produced in bacteria [70]. A phase II clinical trial for a HPV 16 L1 capsomere vaccine is 
currently being conducted (NCT 01355823) [82, 86].

6. Therapeutic vaccines

Preventive vaccines are directed to the external proteins of the virus. By inducing a strong 
humoral immune response, the antibodies formed can bind to the virus capsid and block the 
interaction of the virus with endothelial cells. These antibodies can then neutralize the virus 
and prevent infection. However, this mechanism is not effective when the virus has already 
entered the cell. Antibodies induced by prophylactic vaccines cannot treat existing viral infec-
tions or established HPV-related diseases. Therefore, as discussed above, a high prevalence 
and mortality of cervical cancer still remains a serious health problem in the world, especially 
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L1 and L2 are expressed in terminally differentiated keratinocytes on the external part of the 
epithelium; a segment of the tissue where antibodies and cells cannot easily reach (Figure 2). 
In contrast, HPV early proteins, such as E1, E2, E6, and E7, are expressed in multiple stages 
of the virus infection (Figure 2). Consequently, these proteins are all good therapeutic targets.

E2 is a DNA-binding protein involved in activation or repression of different HPV promot-
ers [35], and it also has a relevant role in controlling migration of viral DNA to daughter cells 
during mitosis of infected cells [87]. Due to these functions, E2 is expressed in all stages of 
the infection (Figure 2). Thus, it is an excellent target for stimulating the immune system for 
elimination of infected cells at multiple replication stages. In earlier studies, dogs, immunized 
against papilloma E1 and E2 proteins, did not show papilloma growth after viral challenge, or 
even presented complete regression of papilloma [88, 89]. These encouraging findings led to 
devise new vaccines that could activate cellular immune responses to the E2 protein. Clinical 
trials with these new vaccines have provided very encouraging results (see next  section) 
[90, 91]. As indicated before, the E6 and E7 proteins are important for cancer. Therefore, they 
are also studied as probable antigens of therapeutic vaccines.

Different types of therapeutic vaccines have been designed and some have also been tested in 
clinical trials. These novel therapeutic vaccines can be grouped into five categories: peptide-
based, protein-based, DNA vaccination, viral vectors, and dendritic cell-based immunization 
[44, 82]and are described in the following sections.

6.1. Peptide-based vaccines

Instead of using a whole protein, fragments of it can be prepared for immunization. Peptides are 
cost-effective and safe, but they are also usually poorly immunogenic. Thus, in general, peptides 
need to be mixed with adjuvants to improve their immunogenicity, deciding what peptides 
are useful is not easy, however. Recognizing what parts of an HPV antigen are immunogenic 
is almost impossible to predict and small peptides normally only present linear epitopes. 
Conformational epitomes that may be needed for an efficient immune response are usually not 
included. Thus, current preparations contain mixtures of peptides. In addition, because MHC 
molecules (HLA in humans) are polymorphic, it is possible that some peptides cannot be pre-
sented in some patients. An approach used to avoid this, has been the use of restricted HLA-
binding peptides. Identification of these peptides is an even more complicated task, making the 
peptide approach unreliable and more expensive. Also, another complication with this strategy 
is that exogenously added peptides may load onto MHC class I molecules on cells other than 
antigen-presenting cells. In this case, the peptide-based vaccine may induce tolerance instead 
of stimulation [92]. In consequence, the best approach seems to be the use of long overlapping 
peptides, which appear to be processed and presented correctly by dendritic cells [93].

Prophylactic and Therapeutic Vaccines against Human Papillomavirus Infections
http://dx.doi.org/10.5772/intechopen.69548

35



Despite these complications, some peptide-based vaccines have been tried. In phases I–II 
clinical trial, one vaccine made of two HPV E7 peptides and one T cell helper peptide, stimu-
lated proliferation of T cells, but it did not induce cytotoxicity against E7 peptides [94]. In 
a different study, a mixture of long peptides from oncoproteins E6 and E7 in incomplete 
Freund’s adjuvant, was administered to 20 patients with HPV 16-positive, high-grade vulvar 
intraepithelial neoplasia. In five patients, a T cell response was detected, together with com-
plete regression [95].

Another vaccine (HPV 16-SLP) made of a mixture of long peptides from E6 and E7 proteins, 
has also been tested. In a group of patients with resected HPV 16-positive cervical cancer, this 
vaccine induced some HPV 16-specific T cell immune responses including γ-IFN-producing 
CD4+ T cells. Unfortunately, proliferation of T cells with a regulatory phenotype (Treg) was 
also detected, suggesting that the response against HPV was not completely effective [96]. 
In another group of women with high-grade cervical squamous intraepithelial lesions, this 
vaccine did not induce infiltration of HPV 16-specific T cells into the lesions or HPV clear-
ance [97]. In a third group of patients with HPV 16-positive advanced or recurrent gyneco-
logical carcinoma, this vaccine was given with the adjuvant Montanide ISA-51. In this case, a 
T cell response was detected, but unfortunately no tumor regression or prevention of progres-
sive disease were found [98].

6.2. Protein-based vaccines

Immunization with complete HPV proteins seems a more efficient approach. HPV recombi-
nant proteins can be produced in large quantities and they would provide all possible epi-
topes of the protein, after processing by APC. However, complete protein still present low 
immunogenicity and they need to be mixed with adjuvants, or fused to other proteins with 
more immunogenicity. Some HPV protein vaccines consist of E6 and E7 proteins fused to 
immunogenic proteins as described next.

A chimeric protein made from the carboxyl-terminally part of HPV 16 L1 protein fused to the 
amino-terminal part of the HPV 16 E7 protein was produced. This recombinant fusion protein 
self-assembles into virus-like particles and it has been named L1VLPE7. In a small group of 
patients with HPV-induced CIN 2/3 lesions, these chimeric VLPs induced antibodies with 
high titers against HPV L1 and with low titers against HPV E7. Thus, the antibody response 
again was better toward the capsid protein than the early-gene protein. Consequently, no 
histological improvement in lesions was observed [99]. Another similar recombinant HPV 16 
L1(ΔN26)-E7(ΔC38) protein also assembles into chimeric VLPs. These chimeric VLPs induced 
neutralizing antibodies and triggered some cell-mediated immune responses in a murine 
model of cervical cancer [100].

Another fusion protein (SGN-00101) consisting of a heat shock protein (Hsp) from 
Mycobacterium bovis and HPV 16 E7 protein, was administered to patients with CIN 3. 
Regression to CIN 1was seen in some patients, but it was not clear whether this result was 
caused by the vaccine or it was just natural regression [101]. Later, the same preparation was 
administered in several doses during 3 weeks. With this procedure, one-third of patients pre-
sented regression that correlated with immune response [102].
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Yet, another fusion protein (HPV16 E6/E7) formed by HPV E6 and E7 was produced and tried 
mixed with the adjuvant ISCOMATRIX. In a group of patients with CIN, this preparation 
induced a cellular immune response. Unfortunately, the elimination of lesions detected in few 
patients did not correlate to this immune response [103].

Another recombinant fusion protein made of E6, E7, and L2 proteins (TA-CIN—tissue antigen-
cervical intraepithelial neoplasia) has been given to a small group of patients with anogenital 
intraepithelial neoplasia (AGIN). Unfortunately, there was not a correlation between induc-
tion of systemic immunity and clinical outcome [104]. In another group of patients with vul-
var intraepithelial neoplasia, a topical application of the immunomodulator, Imiquimod was 
given for 8 weeks before three doses of TA-CIN at 4-week interval were administered. With 
this protocol, an important local infiltration of CD8+ and CD4+ T cells in lesions of respond-
ing patients was detected, suggesting that the inflammatory state induced by Imiquimod 
enhances the immune response. Unfortunately, the therapeutic effect was only detected in 
few patients [105].

6.3. DNA-based vaccines

Another approach for immunization is the use of plasmid DNA coding for the protein of 
interest. It is known that plasmid DNA, when injected into the skin or muscle can induce 
immune responses to encoded antigens. The mechanism is poorly understood, and the 
response is rather inefficient. Yet, new physical methods for delivering DNA seem to 
induce better immune responses [106]. Some DNA preparations for HPV early proteins 
have been tried.

A DNA plasmid that encodes for HPV consensus E6/E7 fusion gene (pConE6E7) has been 
tested in mice and rhesus monkeys. Immunization induced a potent cellular immune 
response against both E6 and E7 proteins [107], and it was able to delay the growth of estab-
lished HPV-tumors [108]. Another plasmid encoding E7-specific CTL epitopes from HPV 16 
and 18 and embedded in biodegradable micro particles (ZYC101a) was tested in a group of 
patients histologically confirmed CIN 2/3 neoplasia. About 43% of patients presented regres-
sion, compared to 27% of patients receiving placebo, but the difference was not statistically 
significant, and no correlation between cytotoxic activity and clinical outcome was detected 
[109]. Another DNA preparation (Amolimogene) contains an encapsulated plasmid encoding 
some proteins of HPV. In a small group of patients with HPV-associated high-grade CIN, 
no correlation between cellular immunity and clinical response was reported [110]. Another 
DNA preparation (Sig-E7(detox)-HSP70) encoding a fusion protein between HPV E7 protein 
and heat shock protein 70 was tried in a small group of patients with HPV-induced CIN 2/3. 
Weak HPV E7-specific T cell responses were detected, but not correlation was found between 
this immune response and clinical outcome [111]. Although DNA vaccines are good tools 
to enhance the immune system, their approval from regulatory agencies seems unlikely. 
Regulatory agencies require that novel vaccines fulfill the followings requirements: labora-
tory demonstration of proof of concept, design end establishment of the manufacturing pro-
cess, adequate quality and non-clinical safety, clinical trial approval, safety and efficacy, and 
a marketing authorization application. The use of naked DNA in humans remains a major 
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Despite these complications, some peptide-based vaccines have been tried. In phases I–II 
clinical trial, one vaccine made of two HPV E7 peptides and one T cell helper peptide, stimu-
lated proliferation of T cells, but it did not induce cytotoxicity against E7 peptides [94]. In 
a different study, a mixture of long peptides from oncoproteins E6 and E7 in incomplete 
Freund’s adjuvant, was administered to 20 patients with HPV 16-positive, high-grade vulvar 
intraepithelial neoplasia. In five patients, a T cell response was detected, together with com-
plete regression [95].

Another vaccine (HPV 16-SLP) made of a mixture of long peptides from E6 and E7 proteins, 
has also been tested. In a group of patients with resected HPV 16-positive cervical cancer, this 
vaccine induced some HPV 16-specific T cell immune responses including γ-IFN-producing 
CD4+ T cells. Unfortunately, proliferation of T cells with a regulatory phenotype (Treg) was 
also detected, suggesting that the response against HPV was not completely effective [96]. 
In another group of women with high-grade cervical squamous intraepithelial lesions, this 
vaccine did not induce infiltration of HPV 16-specific T cells into the lesions or HPV clear-
ance [97]. In a third group of patients with HPV 16-positive advanced or recurrent gyneco-
logical carcinoma, this vaccine was given with the adjuvant Montanide ISA-51. In this case, a 
T cell response was detected, but unfortunately no tumor regression or prevention of progres-
sive disease were found [98].

6.2. Protein-based vaccines

Immunization with complete HPV proteins seems a more efficient approach. HPV recombi-
nant proteins can be produced in large quantities and they would provide all possible epi-
topes of the protein, after processing by APC. However, complete protein still present low 
immunogenicity and they need to be mixed with adjuvants, or fused to other proteins with 
more immunogenicity. Some HPV protein vaccines consist of E6 and E7 proteins fused to 
immunogenic proteins as described next.

A chimeric protein made from the carboxyl-terminally part of HPV 16 L1 protein fused to the 
amino-terminal part of the HPV 16 E7 protein was produced. This recombinant fusion protein 
self-assembles into virus-like particles and it has been named L1VLPE7. In a small group of 
patients with HPV-induced CIN 2/3 lesions, these chimeric VLPs induced antibodies with 
high titers against HPV L1 and with low titers against HPV E7. Thus, the antibody response 
again was better toward the capsid protein than the early-gene protein. Consequently, no 
histological improvement in lesions was observed [99]. Another similar recombinant HPV 16 
L1(ΔN26)-E7(ΔC38) protein also assembles into chimeric VLPs. These chimeric VLPs induced 
neutralizing antibodies and triggered some cell-mediated immune responses in a murine 
model of cervical cancer [100].

Another fusion protein (SGN-00101) consisting of a heat shock protein (Hsp) from 
Mycobacterium bovis and HPV 16 E7 protein, was administered to patients with CIN 3. 
Regression to CIN 1was seen in some patients, but it was not clear whether this result was 
caused by the vaccine or it was just natural regression [101]. Later, the same preparation was 
administered in several doses during 3 weeks. With this procedure, one-third of patients pre-
sented regression that correlated with immune response [102].
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Yet, another fusion protein (HPV16 E6/E7) formed by HPV E6 and E7 was produced and tried 
mixed with the adjuvant ISCOMATRIX. In a group of patients with CIN, this preparation 
induced a cellular immune response. Unfortunately, the elimination of lesions detected in few 
patients did not correlate to this immune response [103].

Another recombinant fusion protein made of E6, E7, and L2 proteins (TA-CIN—tissue antigen-
cervical intraepithelial neoplasia) has been given to a small group of patients with anogenital 
intraepithelial neoplasia (AGIN). Unfortunately, there was not a correlation between induc-
tion of systemic immunity and clinical outcome [104]. In another group of patients with vul-
var intraepithelial neoplasia, a topical application of the immunomodulator, Imiquimod was 
given for 8 weeks before three doses of TA-CIN at 4-week interval were administered. With 
this protocol, an important local infiltration of CD8+ and CD4+ T cells in lesions of respond-
ing patients was detected, suggesting that the inflammatory state induced by Imiquimod 
enhances the immune response. Unfortunately, the therapeutic effect was only detected in 
few patients [105].

6.3. DNA-based vaccines

Another approach for immunization is the use of plasmid DNA coding for the protein of 
interest. It is known that plasmid DNA, when injected into the skin or muscle can induce 
immune responses to encoded antigens. The mechanism is poorly understood, and the 
response is rather inefficient. Yet, new physical methods for delivering DNA seem to 
induce better immune responses [106]. Some DNA preparations for HPV early proteins 
have been tried.

A DNA plasmid that encodes for HPV consensus E6/E7 fusion gene (pConE6E7) has been 
tested in mice and rhesus monkeys. Immunization induced a potent cellular immune 
response against both E6 and E7 proteins [107], and it was able to delay the growth of estab-
lished HPV-tumors [108]. Another plasmid encoding E7-specific CTL epitopes from HPV 16 
and 18 and embedded in biodegradable micro particles (ZYC101a) was tested in a group of 
patients histologically confirmed CIN 2/3 neoplasia. About 43% of patients presented regres-
sion, compared to 27% of patients receiving placebo, but the difference was not statistically 
significant, and no correlation between cytotoxic activity and clinical outcome was detected 
[109]. Another DNA preparation (Amolimogene) contains an encapsulated plasmid encoding 
some proteins of HPV. In a small group of patients with HPV-associated high-grade CIN, 
no correlation between cellular immunity and clinical response was reported [110]. Another 
DNA preparation (Sig-E7(detox)-HSP70) encoding a fusion protein between HPV E7 protein 
and heat shock protein 70 was tried in a small group of patients with HPV-induced CIN 2/3. 
Weak HPV E7-specific T cell responses were detected, but not correlation was found between 
this immune response and clinical outcome [111]. Although DNA vaccines are good tools 
to enhance the immune system, their approval from regulatory agencies seems unlikely. 
Regulatory agencies require that novel vaccines fulfill the followings requirements: labora-
tory demonstration of proof of concept, design end establishment of the manufacturing pro-
cess, adequate quality and non-clinical safety, clinical trial approval, safety and efficacy, and 
a marketing authorization application. The use of naked DNA in humans remains a major 
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safety concern, and DNA vaccines, so far have not shown good activation of a specific cellular 
immune response.

6.4. Recombinant virus

Another approach that has shown better results for treatment of HPV-induced lesions is the 
use of recombinant viruses. A virus can deliver gene products directly into cells and because 
an active viral infection takes place, the immune system responds better activating the cellu-
lar effector functions. The highly attenuated poxvirus strain modified vaccinia virus Ankara 
(MVA) has become the vector of choice for novel HPV therapeutic vaccines [112]. This MVA 
virus is a non-replicating derivative from the virus of the smallpox vaccine. This exceptionally 
successful vaccine was given to millions of people without any complications. Thus the use of 
MVA in humans is completely safe. Other advantages of MVA are that it is genetically stable, 
very immunogenic, and easy to manufacture [113, 114]. The MVA immunogenic potential for 
cytotoxic responses is due in part to uptake of dying vaccinia virus-infected cells by antigen-
presenting cells and cross-presentation of antigens to CD8+ T cells [115]. Several MVA vectors 
against various diseases are now being evaluated in phase I/II clinical trials [116]. The MVA 
vectors designed for treatment of HPV are described in the following section.

TA-HPV is a vaccinia virus encoding modified versions of the E6 and E7 genes from HPV 
16 and HPV 18. Patients with high-grade vulval intraepithelial neoplasia were immunized 
intramuscularly with TA-HPV. Some of these (42%) patients presented partial reduction of 
lesions, but no increase in cytotoxic activity against selected HPV E6 or E7 peptides [117]. In 
another small group of patients, a partial reduction in lesion diameter, and an infiltration of 
T cells were observed [118].

Another modified MVA virus contains E6 and E7 proteins together with the human IL-2 gene. 
This vaccine (TG4001) was given subcutaneously in three weekly doses to 21 patients with 
CIN 2/3. About half of patients had some clinical responses 6 months later. However, no 
immune response was reported [119].

Another MVA recombinant virus (MVA E2), containing the bovine papilloma virus (BPV) E2 
protein [120], has been has been assessed in several clinical trials. In a group of patients with 
HPV-induced CIN 1 to CIN 3 lesions, that received MVA E2 injected directly into the uterus 
once every week for 6 weeks, 94% (34) of patients had complete elimination of precancerous 
lesions. In addition, an important reduction (90%) in viral DNA load was observed in half of 
the patients. The others have completely eliminated the virus [90]. Next, in a phase II clinical 
trial for high-grade lesions, about half (56%) of patients presented complete regression, and in 
another third (32%) of patients, the lesions were reduced by 90–60% [91]. Importantly, specific 
cytotoxic activity against cancer cells correlated with clinical outcome [91]. More recently, in a 
phase III clinical trial, 1176 female patients with anogenital intraepithelial lesions were treated 
with MVA E2. Most of the patients (89%) showed complete elimination of lesions, and gener-
ated a specific cytotoxic response against HPV-transformed cells [121]. These clinical results 
indicate that MVA E2 is one of the most promising vaccines for therapy of HPV-induced 
malignancies.
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MVA-E1 is a new MVA-based vaccine against HPV. This vaccine consists of the MVA vector 
encoding the E1 sequence of HPV 16. In a mouse model, immunization with MVA-E1 resulted 
in sustained HPV E1-specific cellular cytotoxic response [122].

6.5. Dendritic cell-based vaccines

As discussed earlier, dendritic cells (DCs) are major antigen-presenting cells that can effi-
ciently activate cellular immune responses. Based on this, another approach to develop a ther-
apeutic vaccine is the use of dendritic cells pulsed with HPV antigens. The idea is to generate 
DCs in vitro from monocytes taken from the same patient. Then, these DCs are presented with 
recombinant HPV proteins. The cells should process and present antigens on their membrane. 
Finally, the pulsed DCs are administered back to the patient to stimulate the immune system. 
The procedure is complex, time consuming, very costly, and has to be performed individually 
for each patient.

Earlier studies showed that autologous DCs loaded with HPV E7 protein could induce in vitro 
a specific T cell responses [123], and T cell proliferative responses in vivo, [124]. Another study 
found E7-specific γ-IFN secreting CD8+ T cells in patients treated with autologous DCs pulsed 
with HPV E7 [125], or with HPV E7 protein and keyhole limpet hemocyanin (KLH) [126]. 
These reports indicated that DC-based immunization improves T cell responses, but they did 
not evaluate the therapeutic potential. Recently, it was reported that DCs can be pulsed more 
efficiently if HPV antigens are directed toward the co-stimulatory molecule CD40 [127]. With 
a prototype vaccine (anti-CD40-HPV16.E6/7) consisting of a recombinant fusion protein of 
anti-human CD40 and HPV16 E6/7 protein), DCs could efficiently activate in vitro HPV E6/7-
specific CD8+ T cells, from the blood of HPV16+ head-and-neck cancer patients [127].

These results show that this approach may be useful in the future if important questions still 
remaining on the nature and function of dendritic cells can be resolved. For example, are 
there any unique cell surface receptors that would allow for specific selection of DCs? What 
are the special DC subsets that can enhance the efficacy of vaccines? What are the DC activa-
tors that allow differentiation and/or maturation of a particular type of DC with the ability to 
promote effector T cells against tumors? Today, DCs are generated in vitro from peripheral 
blood monocytes. This procedure generates cells that vary greatly in their functional capacity, 
thus making their use in the clinical setting very uncertain.

7. Conclusion

Human papillomavirus (HPV) infections remain an important public health issue because 
they are associated to cervical carcinoma, the second most common cancer among women [4]. 
Two preventive vaccines have been approved and promise to achieve in the future, a reduc-
tion in HPV-related cancer incidence. However, these vaccines are not the complete solution. 
Since complete vaccination coverage is difficult and costly in many parts of the world [72], and 
since these vaccines are highly HPV type specific, only the high-risk HPV types  responsible 
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safety concern, and DNA vaccines, so far have not shown good activation of a specific cellular 
immune response.

6.4. Recombinant virus

Another approach that has shown better results for treatment of HPV-induced lesions is the 
use of recombinant viruses. A virus can deliver gene products directly into cells and because 
an active viral infection takes place, the immune system responds better activating the cellu-
lar effector functions. The highly attenuated poxvirus strain modified vaccinia virus Ankara 
(MVA) has become the vector of choice for novel HPV therapeutic vaccines [112]. This MVA 
virus is a non-replicating derivative from the virus of the smallpox vaccine. This exceptionally 
successful vaccine was given to millions of people without any complications. Thus the use of 
MVA in humans is completely safe. Other advantages of MVA are that it is genetically stable, 
very immunogenic, and easy to manufacture [113, 114]. The MVA immunogenic potential for 
cytotoxic responses is due in part to uptake of dying vaccinia virus-infected cells by antigen-
presenting cells and cross-presentation of antigens to CD8+ T cells [115]. Several MVA vectors 
against various diseases are now being evaluated in phase I/II clinical trials [116]. The MVA 
vectors designed for treatment of HPV are described in the following section.

TA-HPV is a vaccinia virus encoding modified versions of the E6 and E7 genes from HPV 
16 and HPV 18. Patients with high-grade vulval intraepithelial neoplasia were immunized 
intramuscularly with TA-HPV. Some of these (42%) patients presented partial reduction of 
lesions, but no increase in cytotoxic activity against selected HPV E6 or E7 peptides [117]. In 
another small group of patients, a partial reduction in lesion diameter, and an infiltration of 
T cells were observed [118].

Another modified MVA virus contains E6 and E7 proteins together with the human IL-2 gene. 
This vaccine (TG4001) was given subcutaneously in three weekly doses to 21 patients with 
CIN 2/3. About half of patients had some clinical responses 6 months later. However, no 
immune response was reported [119].

Another MVA recombinant virus (MVA E2), containing the bovine papilloma virus (BPV) E2 
protein [120], has been has been assessed in several clinical trials. In a group of patients with 
HPV-induced CIN 1 to CIN 3 lesions, that received MVA E2 injected directly into the uterus 
once every week for 6 weeks, 94% (34) of patients had complete elimination of precancerous 
lesions. In addition, an important reduction (90%) in viral DNA load was observed in half of 
the patients. The others have completely eliminated the virus [90]. Next, in a phase II clinical 
trial for high-grade lesions, about half (56%) of patients presented complete regression, and in 
another third (32%) of patients, the lesions were reduced by 90–60% [91]. Importantly, specific 
cytotoxic activity against cancer cells correlated with clinical outcome [91]. More recently, in a 
phase III clinical trial, 1176 female patients with anogenital intraepithelial lesions were treated 
with MVA E2. Most of the patients (89%) showed complete elimination of lesions, and gener-
ated a specific cytotoxic response against HPV-transformed cells [121]. These clinical results 
indicate that MVA E2 is one of the most promising vaccines for therapy of HPV-induced 
malignancies.
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MVA-E1 is a new MVA-based vaccine against HPV. This vaccine consists of the MVA vector 
encoding the E1 sequence of HPV 16. In a mouse model, immunization with MVA-E1 resulted 
in sustained HPV E1-specific cellular cytotoxic response [122].

6.5. Dendritic cell-based vaccines

As discussed earlier, dendritic cells (DCs) are major antigen-presenting cells that can effi-
ciently activate cellular immune responses. Based on this, another approach to develop a ther-
apeutic vaccine is the use of dendritic cells pulsed with HPV antigens. The idea is to generate 
DCs in vitro from monocytes taken from the same patient. Then, these DCs are presented with 
recombinant HPV proteins. The cells should process and present antigens on their membrane. 
Finally, the pulsed DCs are administered back to the patient to stimulate the immune system. 
The procedure is complex, time consuming, very costly, and has to be performed individually 
for each patient.

Earlier studies showed that autologous DCs loaded with HPV E7 protein could induce in vitro 
a specific T cell responses [123], and T cell proliferative responses in vivo, [124]. Another study 
found E7-specific γ-IFN secreting CD8+ T cells in patients treated with autologous DCs pulsed 
with HPV E7 [125], or with HPV E7 protein and keyhole limpet hemocyanin (KLH) [126]. 
These reports indicated that DC-based immunization improves T cell responses, but they did 
not evaluate the therapeutic potential. Recently, it was reported that DCs can be pulsed more 
efficiently if HPV antigens are directed toward the co-stimulatory molecule CD40 [127]. With 
a prototype vaccine (anti-CD40-HPV16.E6/7) consisting of a recombinant fusion protein of 
anti-human CD40 and HPV16 E6/7 protein), DCs could efficiently activate in vitro HPV E6/7-
specific CD8+ T cells, from the blood of HPV16+ head-and-neck cancer patients [127].

These results show that this approach may be useful in the future if important questions still 
remaining on the nature and function of dendritic cells can be resolved. For example, are 
there any unique cell surface receptors that would allow for specific selection of DCs? What 
are the special DC subsets that can enhance the efficacy of vaccines? What are the DC activa-
tors that allow differentiation and/or maturation of a particular type of DC with the ability to 
promote effector T cells against tumors? Today, DCs are generated in vitro from peripheral 
blood monocytes. This procedure generates cells that vary greatly in their functional capacity, 
thus making their use in the clinical setting very uncertain.

7. Conclusion

Human papillomavirus (HPV) infections remain an important public health issue because 
they are associated to cervical carcinoma, the second most common cancer among women [4]. 
Two preventive vaccines have been approved and promise to achieve in the future, a reduc-
tion in HPV-related cancer incidence. However, these vaccines are not the complete solution. 
Since complete vaccination coverage is difficult and costly in many parts of the world [72], and 
since these vaccines are highly HPV type specific, only the high-risk HPV types  responsible 
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for about 60% of all cervical cancers (HPV 16 and 18) are included in these preventive vac-
cines, a large population will remain at a high risk of HPV infections. Also, these preventive 
vaccines do not have any therapeutic potential. Therefore, many people remain in need of 
efficient treatment for HPV-related diseases.

Novel therapeutic vaccines for treatment of HPV-infected tissues are now being tested for 
their potential to activate an immune cellular response. Different types of therapeutic vaccines 
are considered. Studies, so far have shown variable results for most of them. However, the 
therapeutic vaccines using recombinant virus have demonstrated to be very effective in clini-
cal settings. Thus, recombinant vaccinia therapies are today the most promising candidates 
for a successful treatment of HPV-induced cancers.
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Abstract

The study aims at evaluating the efficacy of combined administration of imiquimod 
5% crème and human papillomavirus (HPV) quadrivalent recombinant vaccine in order to 
achieve a long‐term clinical remission in patients with chronic HPV infection manifested 
in condyloma accuminata (CA) of the anogenital area. The study enrolled 36 subjects aged 
26.4 (4.1) years (including 22 men) with one to five condyloma accuminata of the anogeni‐
tal area. Study participants were vaccinated with human papillomavirus quadrivalent 
recombinant vaccine using a 0–2–6‐month regimen with concomitant administration of 
imiquimod 5% crème applied three times per week for not more than 16 weeks. Patients 
were monitored over 2 years. Complete disappearance of condyloma accuminata was 
observed in 34 out of 36 subjects (94.4%) after 1 year from the start of treatment. Two 
patients still having condyloma accuminata of the anogenital area after 1 year of combina‐
tion treatment underwent a successful course of treatment with Solcoderm (one patient 
for 1 year 3 months and the other for 1 year 4 months), which resulted in complete disap‐
pearance of condyloma accuminata. Within 2‐year period, no recurrence of condyloma 
accuminata of the anogenital area has been observed.

Keywords: HPV infection, condyloma accuminata, vaccination, human papillomavirus 
quadrivalent recombinant vaccine, imiquimod, combined administration
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1. Introduction

It is well known that 15–20% of all human neoplasms have a viral cause, that is, they are 
developed due to so‐called oncogenic viruses. The experts of the International Agency for 
Research on Cancer (IARC) consider the following viruses as human oncogenic viruses:

1. RNA viruses:

• Hepatitis B and C viruses (HBV/HCV) causing hepatocellular carcinoma;

• Human T‐cell leukemia virus (HTLV‐1) which is the etiological agent of adult T‐cell leukemia, 
as well as of tropical spastic paraparesis and several other non‐oncologic diseases;

• Human immunodeficiency virus (HIV) which contains no transforming genes yet provides 
the requisite conditions (immunodeficiency) for the development of cancer.

2. DNA viruses:

• Epstein‐Barr virus (EBV) participating in the development of a whole host of malignant 
tumors, such as Burkitt lymphoma, nasopharyngeal carcinoma, and Hodgkin’s lymphoma;

• Human herpesvirus type 8 (HHV‐8) playing an important role in the occurrence of Kapo‐
si’s sarcoma, primary effusion lymphoma, Castleman disease, and some other pathological 
conditions;

• Human papillomaviruses (HPV) which are an etiological agent of cervical cancer and sev‐
eral other anogenital tumors.

Considering the severity of and unfavorable prognosis in these diseases, as well as their 
proven viral etiology, the development of prophylactic methods for such viral infections is 
becoming a topical issue. Currently, vaccines against hepatitis B virus and HPV are already 
available.

The problem of HPV infection is one of the most topical health issues in the modern world. 
According to the World Health Organization (WHO), about half a million new cases of cervical 
cancer are reported annually worldwide, and 240 thousand women are dying from this disease.

In Russia, symptoms of papillomavirus infection are found in 15.0–34.4% of women aged 
19 years or older, and among women attending the gynecology clinic for suspected sexually 
transmitted diseases, the fraction of HPV‐infected subjects is reaching 44.9%. The risk for 
acquiring HPV infection begins from the moment of a sexual debut and continues throughout 
an individual’s life [1].

HPVs are the oncogenic viruses, that is, they can induce tumors, from harmless to fatal forms. 
The oncogenic effect is due to their ability to impair differentiation and induce proliferation 
of the skin and mucosal epitheliocytes which manifest in the form of papillomas (warts) of 
different types and various localization, as well as epithelial dysplasias which can be trans‐
formed into invasive (cancerous) tumors.
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Skin warts more often occur in children and usually persist for several years causing only cos‐
metic inconveniences. The genital (or anogenital) warts are a much more serious condition. They 
are called condyloma accuminata and form a warty growth that in its typical form resembles 
the cauliflower. Genital warts more often occur on the outer genitals, although they may affect 
vagina, cervix, or penis. This is one of the most common sexually transmitted infections [2].

Papillomavirus infection affects both women and men; however, owing to hormonal differ‐
ences, the likelihood of tumor development in men is much lower than in women. Nonetheless, 
men can be the HPV carriers for a long time and able to transmit the virus to women.

Papillomaviruses are small (55–60 nm in diameter) non‐coated viruses. They are represented 
by cubical capsids containing two proteins—L1 and L2. The L1 is the major capsid protein 
comprising more than 80% of capsid material to form the blocks (capsomers) from which the 
capsid is built.

The anti‐L1 antibodies possess the virus‐neutralizing activity which underscores the signifi‐
cance of L1 in the initiation of infection. L2 is a minor protein that is not a part of the capsid 
structure but is involved in capsid stabilization and its coupling with viral genome [3].

Anogenital warts are manifestations of mostly sexually transmitted HPV infection caused by 
low‐oncogenic risk HPV types, such as HPV types 6 and 11. The HPV infections tend to self‐
resolve on their own but more often they are characterized by recurrent course due to virus per‐
sistence. Among the general population, the overall prevalence of HPV infection reaches 80%.

On exceptionally rare occasions, anogenital warts can become cancerous. Anogenital warts 
may negatively impact patients’ quality of life owing to the development of depression and 
occurrence of psychological and sexual problems [4].

There are numerous approaches for the treatment of anogenital warts (liquid nitrogen cryo‐
therapy, surgical removal, laser therapy, electrocoagulation, use of podophyllotoxin, inter‐
ferons, imiquimod, and other immune preparations). However, none of the above proved 
to be ideal. Current therapy for anogenital warts is essentially symptomatic and is aimed at 
reducing the intensity of symptoms. According to numerous data, the risk of wart recurrence 
following any type of treatment reaches 30% [4].

One of the new frontiers for solving this problem is the use of an immune preparation imiqui‐
mod in combination with HPV quadrivalent recombinant vaccine aiming at eliciting immu‐
nity to HPV types 6, 11, 16, and 18. The likely mechanism of combined action of imiquimod 
and HPV quadrivalent recombinant vaccine is as follows: imiquimod plays an important role 
in HPV elimination from the infected tissue, while the vaccination using quadrivalent recom‐
binant vaccine promotes specific immune response to prevent re‐infection. However, this 
hypothesis needs to be elaborated and confirmed in further studies using laboratory investi‐
gations capable of detecting HPV.

Currently, the following HPV vaccine dosing schedules are being used:

1. A classic three‐dose vaccination schedule: 0–2–6 months (i/m in deltoid muscle of arm).
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2. An alternative two‐dose vaccination schedule: two doses 6 months apart.

3. Three‐dose extended schedule: three doses of which the first two are administered within 
6 months followed by a booster (third) dose given 5 years later.

Along with the bivalent (Cervarix®) and quadrivalent (Gardasil®) HPV vaccines, currently 
a 9‐valent HPV vaccine (Gardasil‐9) has been registered worldwide, which evokes immune 
response against the following HPV types: 6, 11, 16, 18, 31, 33, 45, 52, and 58. To date, Gardasil‐9 
is not registered in Russian Federation [5].

The aim of this study is to evaluate the effectiveness of combined use of 5% imiquimod crème 
and human HPV quadrivalent recombinant vaccine to achieve a durable clinical remission of 
chronic HPV infection manifesting in anogenital warts.

2. Material and methods

2.1. Clinical characteristics of patients

A single‐center, non‐randomized, open‐label, prospective, pilot study was conducted on 
36 patients of whom 22 were men aged 26.4 (4.1) years having from one to five anogenital 
warts. Among study participants, there were six HIV‐infected female patients who received 
a highly active antiretroviral therapy (four patients received lamivudine 300 mg + abacavir 
600 mg + atazanavir 300 mg/ritonavir 100 mg once daily and two patients received lami‐
vudine 300 mg + efavirenz 600 mg once daily plus zidovudine 300 mg twice daily). All six 
HIV‐infected female patients had an undetectable viral load (<50 HIV RNA copies) and CD4+ 
count >500 cells per 1 μL of blood. The HIV‐infected patients represented a population for 
which the likelihood of immune response to vaccine antigens is ambiguous owing to the pres‐
ence of possible immune deficiency. We included these patients in the study as at the time 
of enrollment they had no obvious immune deficiency against a background of highly active 
antiretroviral therapy. All patients signed the informed consent form.

2.2. Diagnosis of genital warts

The diagnosis of anogenital warts was based on medical history of disease (patients admitted 
to having unprotected sexual contacts, physician diagnosed the presence of anogenital warts 
in patient’s permanent sex partner) and clinical examination data. Patients with an unequivo‐
cal diagnosis, pearly penile papules, or vestibular (labial) papillomatosis were excluded from 
the study.

Inclusion criteria for the study were as follows:

• Men and women above 18 years of age.

• Presence of one to five anogenital warts.

• Patients with no prior vaccination with human HPV quadrivalent recombinant vaccine.
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• Availability of signed and dated informed consent for participation in a pilot study.

• Ability to adhere to study protocol requirements.

• For women of childbearing age—negative pregnancy test before vaccination (the human 
chorionic gonadotropin test).

Exclusion criteria for the study were as follows:

• Persons under 18 years of age.

• Presence of more than five anogenital warts.

• History of vaccination with human HPV quadrivalent recombinant vaccine.

• Administration of immunoglobulin preparations or blood transfusion within the last 3 
months before study commencement.

• Long‐term (more than 14 days) use of immunosuppressive drugs within 6 months before 
study commencement.

• Any confirmed or suspected immunosuppressive or immunodeficiency disorder.

• Respiratory or cardiovascular insufficiency, hepatic, or renal impairment revealed during 
physical examination during visit 1.

• Marked congenital disorders or exacerbations of serious chronic diseases including any 
clinically significant exacerbations of chronic pulmonary, liver, kidney, cardiovascular, 
nervous system, psychiatric diseases, or metabolic disorders confirmed by medical history 
data or objective examination data.

• History of severe allergic reactions and autoimmune diseases.

• Acute infectious and/or non‐infectious diseases within 1 month prior to study commencement.

• Chronic alcohol abuse and/or history of substance abuse.

• Breastfeeding.

• Pregnancy.

• Participation in the other clinical study within the last 3 months.

• Evidence of past or present oncohematologic and other oncologic diseases.

2.3. Intervention

Study participants were prescribed 5% imiquimod crème (Aldara, “MEDA,” Sweden) to apply 
to the warts three times per week before going to sleep followed by washing the cream off with 
water and soap in the morning. Treatment should last until visible disappearance of anogenital 
warts but not longer than 16 weeks, and accompanied by concomitant three‐dose injection of HPV 
quadrivalent recombinant vaccine intramuscularly in the deltoid muscle of arm or in the upper 
outer triceps area using a three‐dose series (0–2–6‐month schedule). The vaccine is intended for 
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prevention of diseases caused by HPV types 6, 11, 16, and 18, and contains the L1 proteins of the 
above HPV types. Control visits were made in 1 and 2 years after vaccination. When necessary, 
patients had an opportunity to contact physician‐investigator at any time. According to recent 
data, vaccination with HPV quadrivalent recombinant vaccine can be done using the “eased” 
two‐shot 0–6‐month schedule; however in our study, we used standard 0–2–6‐month schedule.

2.4. Safety evaluation

In order to evaluate treatment safety, we collected information about treatment‐related 
adverse events. Safety of vaccination was assessed in the following way: after injection of each 
dose for 7 days, all patients filled in a specially designed questionnaire which included both 
local and general adverse events. The recorded local adverse events included pain at the injec‐
tion site (yes/no) and size of a hyperemic focus (in cm). Within a week following vaccination, 
we also evaluated general (systemic) symptoms, such as body temperature, headache, general 
malaise, and joint or muscle pain.

Safety of topical application of 5% imiquimod creme was evaluated by the presence of tender‐
ness at the site of crème application and occurrence of ulceration. The information was 
collected at 6 months after treatment commencement at the time of injection of the third 
vaccine dose.

2.5. Statistical analysis

Statistical analysis was carried out using the applied software package StatPlus 2009 Professional 
5.8.4. The choice of measures of central tendency and measures of dispersion was made based 
on the type of distribution of variables. The description of quantitative variables corresponding 
to normal distribution was performed using the mean values (standard deviation) and vari‐
ables that differ from normally distributed variables as the median values (interquartile range). 
The qualitative variables were expressed as proportions (%) of the absolute numbers. Also, the 
95% confidence intervals were calculated.

3. Results and discussion

3.1. Assessment of safety

3.1.1. First dose

Table 1 shows adverse events for the first 7 days after administration of the first dose of the 
human papillomavirus quadrivalent recombinant vaccine.

3.1.2. Second dose

Table 2 shows adverse events for the first 7 days after administration of the second dose of the 
human papillomavirus quadrivalent recombinant vaccine.
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3.1.3. Third dose

Table 3 shows adverse events for the first 7 days after administration of the third dose of the 
human papillomavirus quadrivalent recombinant vaccine.

All vaccination‐related adverse events were self‐resolved on their own within the first 7 days 
post‐vaccination and required no medication therapy.

Symptoms 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day

Pain at 
the site of 
injection

30.6 (11/36) 72.2 (26/36) 66.7 (24/36) 61.1 (22/36) 44.4 (16/36) 25 (9/36) 8.3 (3/36) 2.8 (1/36)

Hyperemia 
at the site of 
injection of 
up to 5 cm 
in size

0 (0/36) 2.8 (1/36) 16.7 (6/36) 22.2 (8/36) 19.4 (7/36) 13.9 (5/36) 5.6 (2/36) 0 (0/36)

Temperature 
up to 37.5°C

5.6 (2/36) 19.4 (7/36) 5.6 (2/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

General 
malaise

8.3 (3/36) 8.3 (3/36) 30.6 (11/36) 41.7 (15/36) 38.9 (14/36) 25 (9/36) 5.6 (2/36) 2.8 (1/36)

Headache 11.1 (4/36) 27.8 (10/36) 36.1 (13/36) 27.8 (10/36) 33.3 (12/36) 22.2 (8/36) 13.9 (5/36) 16.7 (6/36)

Joint pain or 
muscle pain

11.1 (4/36) 25 (9/36) 36.1 (13/36) 58.3 (21/36) 50 (18/36) 19.4 (7/36) 13.9 (5/36) 5.6 (2/36)

Table 1. Adverse events for the first 7 days after administration the first dose of the human papillomavirus quadrivalent 
recombinant vaccine.

Symptoms 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day

Pain at the site 
of injection

22.2 (8/36) 55.6 (20/36) 50 (18/36) 41.7 
(15/36)

27.8 (10/36) 22.2 (8/36) 22.2 (8/36) 5.6 (2/36)

Hyperemia 
at the site of 
injection of up 
to 5 cm in size

0 (0/36) 2.8 (1/36) 11.1 (4/36) 5.6 (2/36) 2.8 (1/36) 0 (0/36) 0 (0/36) 0 (0/36)

Temperature 
up to 37.5°C

2.8 (1/36) 8.3 (3/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

General 
malaise

19.4 (7/36) 30.6 (11/36) 19.4 (7/36) 8.3 (3/36) 5.6 (2/36) 0 (0/36) 0 (0/36) 2.8 (1/36)

Headache 11.1 (4/36) 22.2 (8/36) 25 (9/36) 22.2 (8/36) 25 (9/36) 22.2 (8/36) 11.1 (4/36) 13.9 (5/36)

Joint pain or 
muscle pain

8.3 (3/36) 22.2 (8/36) 38.9 (14/36) 19.4 (7/36) 13.8 (5/36) 5.6 (2/36) 8.3 (3/36) 5.6 (2/36)

Table 2. Adverse events for the first 7 days after administration the second dose of the human papillomavirus quadrivalent 
recombinant vaccine.

Anogenital Warts: New Opportunities for Prevention and Treatment
http://dx.doi.org/10.5772/intechopen.69263

61



prevention of diseases caused by HPV types 6, 11, 16, and 18, and contains the L1 proteins of the 
above HPV types. Control visits were made in 1 and 2 years after vaccination. When necessary, 
patients had an opportunity to contact physician‐investigator at any time. According to recent 
data, vaccination with HPV quadrivalent recombinant vaccine can be done using the “eased” 
two‐shot 0–6‐month schedule; however in our study, we used standard 0–2–6‐month schedule.

2.4. Safety evaluation

In order to evaluate treatment safety, we collected information about treatment‐related 
adverse events. Safety of vaccination was assessed in the following way: after injection of each 
dose for 7 days, all patients filled in a specially designed questionnaire which included both 
local and general adverse events. The recorded local adverse events included pain at the injec‐
tion site (yes/no) and size of a hyperemic focus (in cm). Within a week following vaccination, 
we also evaluated general (systemic) symptoms, such as body temperature, headache, general 
malaise, and joint or muscle pain.

Safety of topical application of 5% imiquimod creme was evaluated by the presence of tender‐
ness at the site of crème application and occurrence of ulceration. The information was 
collected at 6 months after treatment commencement at the time of injection of the third 
vaccine dose.

2.5. Statistical analysis

Statistical analysis was carried out using the applied software package StatPlus 2009 Professional 
5.8.4. The choice of measures of central tendency and measures of dispersion was made based 
on the type of distribution of variables. The description of quantitative variables corresponding 
to normal distribution was performed using the mean values (standard deviation) and vari‐
ables that differ from normally distributed variables as the median values (interquartile range). 
The qualitative variables were expressed as proportions (%) of the absolute numbers. Also, the 
95% confidence intervals were calculated.

3. Results and discussion

3.1. Assessment of safety

3.1.1. First dose

Table 1 shows adverse events for the first 7 days after administration of the first dose of the 
human papillomavirus quadrivalent recombinant vaccine.

3.1.2. Second dose

Table 2 shows adverse events for the first 7 days after administration of the second dose of the 
human papillomavirus quadrivalent recombinant vaccine.

Vaccines60

3.1.3. Third dose

Table 3 shows adverse events for the first 7 days after administration of the third dose of the 
human papillomavirus quadrivalent recombinant vaccine.

All vaccination‐related adverse events were self‐resolved on their own within the first 7 days 
post‐vaccination and required no medication therapy.

Symptoms 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day

Pain at 
the site of 
injection

30.6 (11/36) 72.2 (26/36) 66.7 (24/36) 61.1 (22/36) 44.4 (16/36) 25 (9/36) 8.3 (3/36) 2.8 (1/36)

Hyperemia 
at the site of 
injection of 
up to 5 cm 
in size

0 (0/36) 2.8 (1/36) 16.7 (6/36) 22.2 (8/36) 19.4 (7/36) 13.9 (5/36) 5.6 (2/36) 0 (0/36)

Temperature 
up to 37.5°C

5.6 (2/36) 19.4 (7/36) 5.6 (2/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

General 
malaise

8.3 (3/36) 8.3 (3/36) 30.6 (11/36) 41.7 (15/36) 38.9 (14/36) 25 (9/36) 5.6 (2/36) 2.8 (1/36)

Headache 11.1 (4/36) 27.8 (10/36) 36.1 (13/36) 27.8 (10/36) 33.3 (12/36) 22.2 (8/36) 13.9 (5/36) 16.7 (6/36)

Joint pain or 
muscle pain

11.1 (4/36) 25 (9/36) 36.1 (13/36) 58.3 (21/36) 50 (18/36) 19.4 (7/36) 13.9 (5/36) 5.6 (2/36)

Table 1. Adverse events for the first 7 days after administration the first dose of the human papillomavirus quadrivalent 
recombinant vaccine.

Symptoms 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day

Pain at the site 
of injection

22.2 (8/36) 55.6 (20/36) 50 (18/36) 41.7 
(15/36)

27.8 (10/36) 22.2 (8/36) 22.2 (8/36) 5.6 (2/36)

Hyperemia 
at the site of 
injection of up 
to 5 cm in size

0 (0/36) 2.8 (1/36) 11.1 (4/36) 5.6 (2/36) 2.8 (1/36) 0 (0/36) 0 (0/36) 0 (0/36)

Temperature 
up to 37.5°C

2.8 (1/36) 8.3 (3/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

General 
malaise

19.4 (7/36) 30.6 (11/36) 19.4 (7/36) 8.3 (3/36) 5.6 (2/36) 0 (0/36) 0 (0/36) 2.8 (1/36)

Headache 11.1 (4/36) 22.2 (8/36) 25 (9/36) 22.2 (8/36) 25 (9/36) 22.2 (8/36) 11.1 (4/36) 13.9 (5/36)

Joint pain or 
muscle pain

8.3 (3/36) 22.2 (8/36) 38.9 (14/36) 19.4 (7/36) 13.8 (5/36) 5.6 (2/36) 8.3 (3/36) 5.6 (2/36)

Table 2. Adverse events for the first 7 days after administration the second dose of the human papillomavirus quadrivalent 
recombinant vaccine.
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3.2. Assessment of topical administration of 5% imiquimod crème

At 6 months after treatment commencement, all patients reported tenderness at the site of 
crème application and occurrence of ulcerations which self‐resolved on their own in 100% of 
cases within 14 days after discontinuation of treatment.

All patients completed the study in accordance with study protocol. Patient compliance with 
treatment was 100%.

3.3. Clinical assessment

At 12 months from study commencement, a complete disappearance of anogenital warts was 
observed in 34 (94.4%) out of 36 study participants including HIV‐infected patients (Table 4).

In two patients without HIV infection, the number of anogenital warts decreased from five at 
baseline to one after 1 year. Two patients with anogenital warts after 1 year, at 1 year 3 months, 

Symptoms 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day

Pain at the site 
of injection

13.9 (5/36) 33.3 (12/36) 13.9 (5/36) 2.8 (1/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

Hyperemia 
at the site of 
injection of up 
to 5 cm in size

0 (0/36) 11.1 (4/36) 13.9 (5/36) 5.6 (2/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

Temperature up 
to 37.5°C

2.8 (1/36) 11.1 (4/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

General malaise 22.2 (8/36) 36.1 (13/36) 19.4 (7/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 2.8 (1/36)

Headache 13.9 (5/36) 27.8 (10/36) 25 (9/36) 8.3 (5/36) 0 (0/36) 2.7 (1/36) 11.1 (4/36) 0 (0/36)

Joint pain or 
muscle pain

5.6 (2/36) 27.8 (10/36) 33.3 (12/36) 19.4 (7/36) 11.1 (4/36) 5.6 (2/36) 0 (0/36) 0 (0/36)

Table 3. Adverse events for the first 7 days after administration the third dose of the human papillomavirus quadrivalent 
recombinant vaccine.

Anogenital wart 
number

At baseline In 6 months In 1 year

Abs. % Abs. % Abs. %

1 4 11.1 2 5.6 2 5.6

2 8 22.2 2 5.6 0 0

3 6 16.7 0 0 0 0

4 4 11.1 0 0 0 0

5 14 38.9 0 0 0 0

Total 36 100 4 11.1 2 5.6

Table 4. Distribution of study participants and observation dynamics in relation to the anogenital wart number.
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and 1 year 4 months successfully underwent the treatment course with “Solcoderm,” which 
resulted in complete disappearance of warts. Over the study period, no recurrence of anogeni‐
tal warts has been found.

Using a given treatment regimen, no clinically significant local or general reactions have been 
observed.

We have conducted the calculation of several statistical parameters, the results of which are 
presented in Table 5.

The problem to be discussed is not new. However, in author’s opinion, a new concept in the 
treatment of anogenital warts presented in this study deserves attention.

Many authors have been involved in the development of methods of treatment of anogenital 
warts. Thus, for example, Gomberg and Solovyov [6] reported the use of destructive methods 
of treatment of anogenital warts, such as electrosurgery, cryosurgery, laser treatment, surgical 
excision, and laser photothermolysis. It was found that the recurrence rate of anogenital warts 
does not depend on the selected method of destructive treatment at that. The advantage of 
these methods is that warts are destroyed quickly and often in a single step. The drawbacks 
of these methods include the pain caused by the procedure, wart recurrences, requirements 
in special facility, expensive equipment, and trained medical staff qualified to perform this 
type of medical activity [6].

Kuznetsova [7] studied the results of treatment of anogenital warts using the application of 
“Solcoderm” via the capillary tubing with its subsequent mechanical rubbing using a spatula 
to ensure deeper penetration of the solution. The effectiveness of this method was 80.1%, with 
the wart recurrence rate of 6–10% within a year. The benefits of this method include treatment 

Parameter (formula) At baseline In 1 year

Number of patients with AGW 36 2

Chance of AGW presence (n of 
patients with AGW/n of patients 
without AGW)

– 2/36 = 0.06

AR (n of patients with AGW/n of 
patients with AGW risk)

36/36 = 1 = 100% 2/36 = 0.06 = 6%

RR (AR with intervention/AR 
without intervention), 95% CI

0.06/1 = 0.06 = 6%(0.06; 0.07)*

ARR (AR with intervention − AR 
without intervention), 95% CI

0.06 − 1 = −0.94 = −94%(−1.02, −0.86)*

RRR (difference AR/AR without 
intervention)

(100% − 6%)/100% = 0.94 = 94%

NTT (1/ARI) 1/0.94 = 1.06

AGW, anogenital warts; AR, absolute risk; RR, relative risk; ARR, absolute risk reduction; RRR, relative risk reduction; 
NTT, number of patients needed to be treated to prevent one unfavorable outcome.
* P < 0.05.

Table 5. Statistical parameters (chance, AR, RR, ARR, RRR, and NNT) for study participants over 1 year.
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3.2. Assessment of topical administration of 5% imiquimod crème

At 6 months after treatment commencement, all patients reported tenderness at the site of 
crème application and occurrence of ulcerations which self‐resolved on their own in 100% of 
cases within 14 days after discontinuation of treatment.

All patients completed the study in accordance with study protocol. Patient compliance with 
treatment was 100%.

3.3. Clinical assessment

At 12 months from study commencement, a complete disappearance of anogenital warts was 
observed in 34 (94.4%) out of 36 study participants including HIV‐infected patients (Table 4).

In two patients without HIV infection, the number of anogenital warts decreased from five at 
baseline to one after 1 year. Two patients with anogenital warts after 1 year, at 1 year 3 months, 

Symptoms 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day

Pain at the site 
of injection

13.9 (5/36) 33.3 (12/36) 13.9 (5/36) 2.8 (1/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

Hyperemia 
at the site of 
injection of up 
to 5 cm in size

0 (0/36) 11.1 (4/36) 13.9 (5/36) 5.6 (2/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

Temperature up 
to 37.5°C

2.8 (1/36) 11.1 (4/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36)

General malaise 22.2 (8/36) 36.1 (13/36) 19.4 (7/36) 0 (0/36) 0 (0/36) 0 (0/36) 0 (0/36) 2.8 (1/36)

Headache 13.9 (5/36) 27.8 (10/36) 25 (9/36) 8.3 (5/36) 0 (0/36) 2.7 (1/36) 11.1 (4/36) 0 (0/36)

Joint pain or 
muscle pain

5.6 (2/36) 27.8 (10/36) 33.3 (12/36) 19.4 (7/36) 11.1 (4/36) 5.6 (2/36) 0 (0/36) 0 (0/36)

Table 3. Adverse events for the first 7 days after administration the third dose of the human papillomavirus quadrivalent 
recombinant vaccine.

Anogenital wart 
number

At baseline In 6 months In 1 year

Abs. % Abs. % Abs. %

1 4 11.1 2 5.6 2 5.6

2 8 22.2 2 5.6 0 0

3 6 16.7 0 0 0 0

4 4 11.1 0 0 0 0

5 14 38.9 0 0 0 0

Total 36 100 4 11.1 2 5.6

Table 4. Distribution of study participants and observation dynamics in relation to the anogenital wart number.
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and 1 year 4 months successfully underwent the treatment course with “Solcoderm,” which 
resulted in complete disappearance of warts. Over the study period, no recurrence of anogeni‐
tal warts has been found.

Using a given treatment regimen, no clinically significant local or general reactions have been 
observed.

We have conducted the calculation of several statistical parameters, the results of which are 
presented in Table 5.

The problem to be discussed is not new. However, in author’s opinion, a new concept in the 
treatment of anogenital warts presented in this study deserves attention.

Many authors have been involved in the development of methods of treatment of anogenital 
warts. Thus, for example, Gomberg and Solovyov [6] reported the use of destructive methods 
of treatment of anogenital warts, such as electrosurgery, cryosurgery, laser treatment, surgical 
excision, and laser photothermolysis. It was found that the recurrence rate of anogenital warts 
does not depend on the selected method of destructive treatment at that. The advantage of 
these methods is that warts are destroyed quickly and often in a single step. The drawbacks 
of these methods include the pain caused by the procedure, wart recurrences, requirements 
in special facility, expensive equipment, and trained medical staff qualified to perform this 
type of medical activity [6].

Kuznetsova [7] studied the results of treatment of anogenital warts using the application of 
“Solcoderm” via the capillary tubing with its subsequent mechanical rubbing using a spatula 
to ensure deeper penetration of the solution. The effectiveness of this method was 80.1%, with 
the wart recurrence rate of 6–10% within a year. The benefits of this method include treatment 

Parameter (formula) At baseline In 1 year

Number of patients with AGW 36 2

Chance of AGW presence (n of 
patients with AGW/n of patients 
without AGW)

– 2/36 = 0.06

AR (n of patients with AGW/n of 
patients with AGW risk)

36/36 = 1 = 100% 2/36 = 0.06 = 6%

RR (AR with intervention/AR 
without intervention), 95% CI

0.06/1 = 0.06 = 6%(0.06; 0.07)*

ARR (AR with intervention − AR 
without intervention), 95% CI

0.06 − 1 = −0.94 = −94%(−1.02, −0.86)*

RRR (difference AR/AR without 
intervention)

(100% − 6%)/100% = 0.94 = 94%

NTT (1/ARI) 1/0.94 = 1.06

AGW, anogenital warts; AR, absolute risk; RR, relative risk; ARR, absolute risk reduction; RRR, relative risk reduction; 
NTT, number of patients needed to be treated to prevent one unfavorable outcome.
* P < 0.05.

Table 5. Statistical parameters (chance, AR, RR, ARR, RRR, and NNT) for study participants over 1 year.
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in the outpatient setting, no need for using expensive equipment and anesthesia, absence of 
scars after treatment, and affordability of treatment. The drawbacks of this method are the 
recurrence of anogenital warts and the requirement to perform the procedure by a physician.

Apolikhina and Salekh [8] studied the use of podophyllotoxin applied twice daily for 3 days 
with a subsequent 4‐day intermission (duration of treatment did not exceed 5 weeks). The 
effectiveness of treatment was 87% in men and 77% in women, with the wart recurrence 
rate of 6–100% within a year. The benefits of podophyllotoxin therapy for anogenital warts 
included treatment in the outpatient setting, plus the possibility to perform the procedure 
by a patient without assistance. The drawbacks of this method are wart recurrence, high 
cost of podophyllotoxin, and long duration of treatment against its not very high effective‐
ness [8].

Nejmark et al. [9] studied the results of treatment of anogenital warts using isoprinosine 
which was administered at 3 g/day (two tablets 3 times a day) as an adjunct to topical therapy 
or surgery for 14–28 days or 5 days a week sequentially for 1–2 weeks per month for 3 months. 
The effectiveness of combination therapy with isoprinosine was 41–87.5%, and the wart recur‐
rence rate was 7–28%.

The major shortcoming of the above approaches to treatment of anogenital warts is a high 
wart recurrence rate. In our study, we offer a new approach to solving this problem. The com‐
bined use of HPV quadrivalent recombinant vaccine and 5% imiquimod crème aims, on the 
one hand, at clinical cure (i.e., disappearance of anogenital warts) with possible elimination of 
the virus, and on the other, at preventing the re‐infection with HPV types causing warts with 
a subsequent long‐term remission.

Imiquimod has no direct anti‐viral action. Its effect is due to activation of non‐specific defense 
mechanisms and stimulation of TLR7 receptors, induction of synthesis of interferon‐alpha and 
other cytokines which attract to the site of imiquimod application the immunocompetent cells 
with cytotoxic activity to mediate the anti‐viral effect and destroy the virus‐infected cells [10–13].

This is a crucial point setting this treatment apart from other therapeutic approaches. Use 
of imiquimod results not only in visible disappearance of anogenital warts but, perhaps, 
in the destruction of virus‐infected cells that never occurs when other known therapeutic 
approaches are used. However, this hypothesis needs further exploration as we did not per‐
form laboratory tests for HPV detection.

Imiquimod therapy may lead to clinical remission owing to virus elimination. However, fol‐
lowing the imiquimod monotherapy, we observed recurrence of anogenital warts. Perhaps, 
this is due to incomplete destruction of virus‐infected cells, for instance, in immunodeficient 
patients (e.g., absolute deficit of cytotoxic cells or their functional incompetence), low adher‐
ence to imiquimod therapy, or re‐infection with HPV type 6 or 11. Overall, the efficacy of 
annual imiquimod monotherapy varies between 35 and 68%, and the wart recurrence rate 
between 6 and 26% [14–16].

This pilot study has a number of limitations such as small sampling size, absence of control group, 
and absence of randomization and placebo control. The well‐designed, randomized, placebo‐con‐
trolled, double‐blind, multicenter, prospective studies are needed to elaborate on and confirm our 
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revealed therapeutic effect of combined use of HPV quadrivalent recombinant vaccine and 5% 
imiquimod crème in the treatment of anogenital warts to achieve a long‐term clinical remission. 
The issue of virologic cure using this therapeutic approach also awaits clarification.

Our developed approach to the treatment of anogenital warts using the HPV quadrivalent 
recombinant vaccine and 5% imiquimod crème demonstrated high clinical effectiveness. 
However, in designing future clinical studies on this subject, a special attention should be 
paid to laboratory investigation of HPV DNA carrier state in studied patient population to 
verify our hypothesis on the virologic cure. Nonetheless, our data are important as they pro‐
vide a new insight into the possibility of complete HPV elimination in a given patient cohort 
[11, 12].

4. Conclusions

Vaccination with HPV quadrivalent recombinant vaccine using a three‐dose vaccination 
schedule (0–2–6 months) and a concurrent 5% imiquimod crème application three times 
daily for not more than 16 weeks ensures the achievement of a long‐term clinical remission of 
chronic HPV infection which is manifested in anogenital warts in at least 94.4% of cases over 
a 2‐year follow‐up. This treatment method proved to be safe. The adverse events observed 
during combined vaccination and 5% imiquimod crème administration were, as a rule, mild 
and self‐resolved on their own (within 7 days following vaccination and within 14 days after 
discontinuation of 5% imiquimod crème). Clinical significance of these results awaits confir‐
mation in future studies supported by methods of laboratory diagnosis.
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in the outpatient setting, no need for using expensive equipment and anesthesia, absence of 
scars after treatment, and affordability of treatment. The drawbacks of this method are the 
recurrence of anogenital warts and the requirement to perform the procedure by a physician.

Apolikhina and Salekh [8] studied the use of podophyllotoxin applied twice daily for 3 days 
with a subsequent 4‐day intermission (duration of treatment did not exceed 5 weeks). The 
effectiveness of treatment was 87% in men and 77% in women, with the wart recurrence 
rate of 6–100% within a year. The benefits of podophyllotoxin therapy for anogenital warts 
included treatment in the outpatient setting, plus the possibility to perform the procedure 
by a patient without assistance. The drawbacks of this method are wart recurrence, high 
cost of podophyllotoxin, and long duration of treatment against its not very high effective‐
ness [8].

Nejmark et al. [9] studied the results of treatment of anogenital warts using isoprinosine 
which was administered at 3 g/day (two tablets 3 times a day) as an adjunct to topical therapy 
or surgery for 14–28 days or 5 days a week sequentially for 1–2 weeks per month for 3 months. 
The effectiveness of combination therapy with isoprinosine was 41–87.5%, and the wart recur‐
rence rate was 7–28%.

The major shortcoming of the above approaches to treatment of anogenital warts is a high 
wart recurrence rate. In our study, we offer a new approach to solving this problem. The com‐
bined use of HPV quadrivalent recombinant vaccine and 5% imiquimod crème aims, on the 
one hand, at clinical cure (i.e., disappearance of anogenital warts) with possible elimination of 
the virus, and on the other, at preventing the re‐infection with HPV types causing warts with 
a subsequent long‐term remission.

Imiquimod has no direct anti‐viral action. Its effect is due to activation of non‐specific defense 
mechanisms and stimulation of TLR7 receptors, induction of synthesis of interferon‐alpha and 
other cytokines which attract to the site of imiquimod application the immunocompetent cells 
with cytotoxic activity to mediate the anti‐viral effect and destroy the virus‐infected cells [10–13].

This is a crucial point setting this treatment apart from other therapeutic approaches. Use 
of imiquimod results not only in visible disappearance of anogenital warts but, perhaps, 
in the destruction of virus‐infected cells that never occurs when other known therapeutic 
approaches are used. However, this hypothesis needs further exploration as we did not per‐
form laboratory tests for HPV detection.

Imiquimod therapy may lead to clinical remission owing to virus elimination. However, fol‐
lowing the imiquimod monotherapy, we observed recurrence of anogenital warts. Perhaps, 
this is due to incomplete destruction of virus‐infected cells, for instance, in immunodeficient 
patients (e.g., absolute deficit of cytotoxic cells or their functional incompetence), low adher‐
ence to imiquimod therapy, or re‐infection with HPV type 6 or 11. Overall, the efficacy of 
annual imiquimod monotherapy varies between 35 and 68%, and the wart recurrence rate 
between 6 and 26% [14–16].

This pilot study has a number of limitations such as small sampling size, absence of control group, 
and absence of randomization and placebo control. The well‐designed, randomized, placebo‐con‐
trolled, double‐blind, multicenter, prospective studies are needed to elaborate on and confirm our 
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revealed therapeutic effect of combined use of HPV quadrivalent recombinant vaccine and 5% 
imiquimod crème in the treatment of anogenital warts to achieve a long‐term clinical remission. 
The issue of virologic cure using this therapeutic approach also awaits clarification.

Our developed approach to the treatment of anogenital warts using the HPV quadrivalent 
recombinant vaccine and 5% imiquimod crème demonstrated high clinical effectiveness. 
However, in designing future clinical studies on this subject, a special attention should be 
paid to laboratory investigation of HPV DNA carrier state in studied patient population to 
verify our hypothesis on the virologic cure. Nonetheless, our data are important as they pro‐
vide a new insight into the possibility of complete HPV elimination in a given patient cohort 
[11, 12].

4. Conclusions

Vaccination with HPV quadrivalent recombinant vaccine using a three‐dose vaccination 
schedule (0–2–6 months) and a concurrent 5% imiquimod crème application three times 
daily for not more than 16 weeks ensures the achievement of a long‐term clinical remission of 
chronic HPV infection which is manifested in anogenital warts in at least 94.4% of cases over 
a 2‐year follow‐up. This treatment method proved to be safe. The adverse events observed 
during combined vaccination and 5% imiquimod crème administration were, as a rule, mild 
and self‐resolved on their own (within 7 days following vaccination and within 14 days after 
discontinuation of 5% imiquimod crème). Clinical significance of these results awaits confir‐
mation in future studies supported by methods of laboratory diagnosis.
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1. Introduction

The reports of Strategic Advisory Group of Experts (SAGE) on Immunization underscore that 
between 7 and 10% of all hospitalized patients with severe influenza are women in the second 
and third trimester of pregnancy. The requirements of pregnant women with influenza infec-
tion for providing medical care in an intensive care unit are 10 times that of other population 
groups diagnosed with influenza [1–4].

Vaccination of pregnant women using the subunit and split influenza vaccines is routinely 
performed in a number of countries of Europe and America for over 20 years, and the vac-
cine efficacy reaches 70–85% [5, 6]. Clinical studies have shown that vaccination of pregnant 
women using modern inactivated influenza vaccines neither affect the course of pregnancy 
and fetal growth nor cause undesirable post-vaccination effects. It was found that vaccination 
of pregnant women using inactivated influenza vaccines leads to 50–63% reduction of flu-
related morbidity among infants up to 6 months of age [7, 8].

The WHO Global Advisory Committee on Vaccine Safety indicates that influenza vaccination 
is a non-alternative approach to safe and effective prevention of influenza in pregnancy [1, 
9, 10]. In Russia, the indications for vaccination of pregnant women using modern vaccines 
are defined within the National Immunization Program Schedule of Russian Federation (RF) 
(order of Ministry of Healthcare of Russian Federation №125n of 21 March 2014). Federal clin-
ical guidelines “Influenza vaccination of pregnant women” and manuals for physicians have 
been published which establish the main vaccination requirements for the primary health 
care in Russia [11–13].

The unfavorable epidemiological situation with influenza that occurred in 2009 has accel-
erated the development and implementation in healthcare practices of adjuvant-containing 
pandemic influenza vaccines such as Fluad (containing squalene) and Arepanrix™H1N1 
(containing AS03—squalene + α-Tocopherol acetate) which confer enhanced immunogenic-
ity [1, 14]. Adjuvants accelerate, change the dynamics of development of the immunity, and 
increase its level and the duration of persistence of post-vaccination antibodies. With the 
help of an adjuvant, durable and solid immunity is achieved by administering small doses of 
antigen and a less number of injections.

In Russia, two adjuvant-containing subunit influenza vaccines have been developed (mon-
ovalent (pandemic) and trivalent preparations). These drugs, in contrast to non-adjuvant 
subunit vaccines against influenza (e.g., Agrippal S1 containing 15 μg strains of influenza 
viruses type A and B), have 5 μg of both strains of the influenza virus and an adjuvant-
immunomodulator polyoxidonium. In clinical trials, immunoadjuvant vaccines demon-
strated high efficacy and safety in children aged 6 months and older and in adults. The 
trivalent adjuvant-based influenza vaccine is used in clinical practice for more than 20 years 
[15–24]. In experimental studies, these vaccines showed no teratogenic effect on the devel-
oping fetus. Despite extensive use of these vaccines for specific prevention of influenza in 
Russia, studies on their safety in pregnancy have not been conducted until recently. The 
information on the effects of adjuvant-containing vaccines on the fetus and post-natal devel-
opment was missing. The information on vaccine immunogenicity for pregnant women at 
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different gestational age, as well as vaccine ability to confer an adequate passive immunity 
to a fetus, was insufficient.

The study aimed at determining clinical safety and immunogenicity of “MonoGrippol Plus” and 
“Grippol® Plus” vaccines in pregnant women in the second and third trimesters of pregnancy 
with assessment of fetal condition and condition of infants during the first 6 months of life.

2. Materials and methods

2.1. Legal basis of the research

The study was carried out according to the protocol which met the National standard of 
Russian Federation—GOST P 52379-2005 “Good Clinical Practice” and the international 
GCP (good clinical practice) standards. Vaccination of pregnant women was carried out 
with adherence to the ethical norms and guidelines of the WHO and Ministry of Health 
care of RF.

Women to be vaccinated and followed up were selected strictly in accordance with a case 
report form that was examined and approved by the Ethics Committee of the Ulyanovsk State 
University (protocol №35 of 14.01.2010).

The observation of pregnant women before and after vaccination was carried out jointly with 
an obstetrician-gynecologist in accordance with requirements of the Order of Ministry of 
Health care and Social Development of RF of 02.10.2009 N 808n “On the approval of the Order 
of providing obstetric and gynecologic care.” Before vaccination, women underwent labora-
tory testing after they have given the informed consent to participate in the study (Figure 1).

During observation and examination of infants, we also adhered to the ethical requirements 
applicable to biomedical studies. Development of the order and scope of studied parameters 
was based on provisions listed in the Order № 370 of Ministry of Healthcare of RF of 28.04.2007.

2.2. Randomization

The study was a randomized, placebo-controlled, single-blind, comparative, parallel-group 
study conducted on pregnant women and infants.

All candidates for study program underwent a preliminary assessment of whether they met 
the protocol inclusion and exclusion criteria (in accordance with the GMP standards).

Eligibility criteria:

1. Healthy pregnant women aged 20–40.

2. Volunteers capable of fulfilling the protocol requirements (i.e., able to fill in the self-obser-
vation diary and turn up for the scheduled visits).

3. Written informed consent of the volunteers to participate in the clinical study.
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Exclusion criteria:

1. History of leukemia, oncologic conditions or positive tests for HIV, hepatitis B and C.

2. Volunteers who had received the immunoglobulin preparations or blood transfusions 
within the last three months prior to the study.

3. Long-term (more than 14 days) administration of immunodepressants or other immu-
nomodulating drugs within the last six months prior to the study.

4. Any confirmed or suspected immunosuppressive or immunodeficiency disorder.

5. History of chronic alcohol abuse and/or substance abuse.

6. Presence of respiratory or cardiovascular insufficiency, hepatic or renal impairment re-
vealed during physical examination or by laboratory tests at visit 1.

7. Severe congenital defects or serious chronic diseases including any clinically significant 
diseases of lungs, kidneys, cardiovascular system, nervous system, psychiatric diseases or 
metabolic disorders confirmed by anamnestic data or objective clinical examination.

Figure 1. An algorithm of laboratory, physical and instrumental investigation.
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8. Presence of acute infectious and/or non-infectious diseases at the time of enrollment in the 
study.

9. Pregnancy via IVF procedure.

2.3. Duration of observation

A total number of pregnant women vaccinated against influenza during the epidemic seasons 
of 2009–2010, 2010–2011, and 2011–2012 were 345 subjects. Of those, the number of women 
and their children participated in an in-depth examination and their assignment to groups 
and subgroups is presented in Table 1.

The frequency of clinical examination and blood collection for laboratory testing in the 
post-vaccination period was based on the gestational age at the start of observation. 
Women vaccinated in the second and third trimesters underwent 7 and 6 examinations, 
respectively.

2.4. Assessment of fetal conditions

Fetometric measurements were carried out using the ultrasound (US) examination during 
pregnancy weeks 21–22 and 33–35 and included determination and calculation of biparietal 
diameter (BPD), fronto-occipital size (FOS), head circumference (HC), abdominal circum-
ference (AC), estimated fetal weight (FW) and the femur length/abdominal circumference 
(FL/AC) ratio. The generally accepted guidelines were followed to evaluate the parameters 
obtained.

2.5. Assessment of infant conditions

Infant observation started from the first hours and days of life (day 2–3) and was conducted 
jointly with a neonatologist at maternity home. The basic signs of functional and morpho-
logical maturity of the newborn (Apgar score), blood work parameters/biochemical profile 
and antibody levels to influenza virus strains have been analyzed. All newborns at maternity 
home underwent neurosonography and cardiac sonography. Basic anthropometric measure-
ments included body weight (BW), body length (BL), head circumference (HC), chest circum-
ference (CC), and height-weight index (Ketle 1).

At the age of 3 and 6 months, the main parameters of physical and neuropsychological devel-
opment and feeding pattern have been recorded.

2.6. Hormonal status in pregnant women

Hormone concentration in pregnant women was measured using the licensed immunoenzyme 
test-systems (IETS) such as “Estradiol-EIA” (LLC “Chema,” Germany), “EIA-Progesterone,” 
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“EIA-Prolactin,” “EIA-Cortisol” (LLC “Alcor Bio Company, Russia”). Fetoplacental complex 
markers, such as serum alpha-fetoprotein (AFP), human chorionic gonadotropin (hCG) and 
trophoblastic β1-glycoprotein (TBG), were tested using the IETS from CJSC “Vector-Best,” 
Russia.

2.7. Cytokine profile

Serum cytokines were measured to determine levels of interleukin-1α (IL-1α), interleukin-2 
(IL-2), interleukin-4 (IL-4), interferon-γ (IFN-γ), tumor necrosis factor α (TNFα), interleukin-1α 
receptor antagonist (IL-1RA), and interleukin-10 (IL-10). We used a dual cytokine assay to 
measure spontaneous and mitogen-induced cytokine production using a system of sample 
preparation from “Cytokine-Stimul-Best” (CJSC “Vector-Best”, Russia). As the test systems, 
we used standard EIA kits (CJSC “Vector-Best” and LLC “Cytokine”, Russia).

2.8. Humoral immune response to vaccination

Concentration of serum immunoglobulins A, M, G, E and IgG subclasses was determined 
using the appropriate IETS from CJSC “Vector-Best,” Russia. Titers of antibodies to influ-
enza virus strains A and B were measured in the hemagglutination inhibition test (HAI) 
as recommended by the WHO for this kind of studies. As viral antigens, we used the A/
California/7/2009/H1N1/v-like, A/H3N2/(Victoria)-like and B (Brisbane)-like strains pro-
vided by the laboratory of artificial antigens (FSFI “State Research Center at the Institute of 
Immunology” of FMBA, Russia).

Vaccine immunogenicity was determined based on criteria established by the Committee for 
Proprietary Medicinal Products (CPMP) according to the protocol CPMP/BWP/214/96:

1. Seroprotection level (>70%).

2. Seroconversion level or vaccine immunologic activity (>40%).

3. Seroconversion factor or geometric mean fold rise (>2.5).

2.9. Vaccines

All vaccines used in the study were subunit inactivated preparations. Development of 
“MonoGrippol Plus” and “Grippol® Plus” vaccines (LLC “NPO Petrovax Pharm,” Russia) is 
based on a special technology of coupling of highly purified protective influenza virus anti-
gens with a polymeric, water-soluble, high-molecular weight adjuvant polyoxidonium. This 
technology enables a threefold reduction of hemagglutinin (HA) of each viral strain (down 
to 5 μg) in the vaccine compared to the analog subunit, adjuvant-free vaccine “Agrippal S1” 
(“Novartis Vaccines and Diagnostics,” Italy).

“MonoGrippol Plus” contains antigens of only one influenza virus strain, namely A/
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Concentration of serum immunoglobulins A, M, G, E and IgG subclasses was determined 
using the appropriate IETS from CJSC “Vector-Best,” Russia. Titers of antibodies to influ-
enza virus strains A and B were measured in the hemagglutination inhibition test (HAI) 
as recommended by the WHO for this kind of studies. As viral antigens, we used the A/
California/7/2009/H1N1/v-like, A/H3N2/(Victoria)-like and B (Brisbane)-like strains pro-
vided by the laboratory of artificial antigens (FSFI “State Research Center at the Institute of 
Immunology” of FMBA, Russia).

Vaccine immunogenicity was determined based on criteria established by the Committee for 
Proprietary Medicinal Products (CPMP) according to the protocol CPMP/BWP/214/96:

1. Seroprotection level (>70%).

2. Seroconversion level or vaccine immunologic activity (>40%).

3. Seroconversion factor or geometric mean fold rise (>2.5).

2.9. Vaccines

All vaccines used in the study were subunit inactivated preparations. Development of 
“MonoGrippol Plus” and “Grippol® Plus” vaccines (LLC “NPO Petrovax Pharm,” Russia) is 
based on a special technology of coupling of highly purified protective influenza virus anti-
gens with a polymeric, water-soluble, high-molecular weight adjuvant polyoxidonium. This 
technology enables a threefold reduction of hemagglutinin (HA) of each viral strain (down 
to 5 μg) in the vaccine compared to the analog subunit, adjuvant-free vaccine “Agrippal S1” 
(“Novartis Vaccines and Diagnostics,” Italy).

“MonoGrippol Plus” contains antigens of only one influenza virus strain, namely A/
California/7/2009/H1N1/v and belongs to the monovalent pandemic influenza vaccines, whereas 
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“Grippol Plus” and “Agrippal S1” additionally contain antigens of other strains, that is, A/H3N2/
(Victoria)-like and B/Brisbane-like (trivalent vaccines).

2.10. Placebo

As a placebo, we used phosphate buffer saline (“GlaxoSmithKline Biologicals”) which is used 
as a diluent for lyophilized vaccines.

2.11. Vaccination

Vaccination of pregnant women was performed in the vaccination room with adherence to 
sanitary and hygiene regulations, with emergency care available at once. Vaccine prepara-
tions were injected intramuscularly as a single-dose of 0.5 mL in the upper third of the arm 
(deltoid muscle).

2.12. Evaluation of vaccination safety

After an injection, the woman was observed for 40 min for the adverse reaction(s), which were 
scored to categorize reactions as described in Table 2.

Local reactions

0—absent Absence of symptoms

1—mild Hyperemia up to 50 mm in diameter or infiltrate up to 25 mm 
in diameter

2—moderate Hyperemia over 50 mm in diameter or infiltrate 26–50 mm in 
diameter

3—severe Infiltrate over 50 mm in diameter

Systemic reactions

0—absent Absence of symptoms

1—mild Presence of mild symptoms

2—moderate Symptoms which markedly impair normal daily activity

3—severe Symptoms which interfere with normal daily activity

Fever

0—absent ≤37°C

1—mild >37°C to ≤37.5°C

2—moderate >37.6°C to ≤38.5°C

3—severe >38.6°C

Table 2. Assessment of undesirable post-vaccination reactions.
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All possible changes in the well-being and health state were recorded in the case report form 
(CRF) and self-observation diary (SOD) which the women continued to fill in on a daily basis 
throughout the first month of the follow-up.

2.13. Statistical analysis

Statistical analysis of samples which did not follow a normally distributed pattern was carried 
out using the non-parametric tools or parametric methods when the samples followed a nor-
mal distribution. We used the applied software package “Microsoft Excel” with the “AtteStat” 
application (version 10.10.2.). The differences were considered significant at p < 0.05.

3. Results and discussion

3.1. Particulars of the course of pregnancy in women vaccinated with “Grippol® Plus”

Although many pregnant women had a history of somatic diseases before they entered the 
study, as a rule, no exacerbation of pre-existing disease has been observed. The most com-
monly encountered illness was a mild hypochromic anemia (60.5, 70.0, 61.3, and 60.9% of 
pregnant women in group I–IV, respectively). Markers of chronic urogenital infection were 
detected fairly often (44.2% in group I, 46.0% in group II, 59.1% in group III, and 41.5% in 
group IV). Also, the syndrome of vegetative dystonia (20.9% in group I, 38.0% in group II, 
20.5% in group III, and 29.3% in group IV) and altered allergic response (16.3% in group I, 
20.0% in group II, 18.2% in group III, and 19.5% in group IV) had been observed. All women 
had approximately the same frequency of cases of threatened miscarriage in the past (53.5% 
in group I, 48.0% in group II, 47.7% in group III, and 51.2% in group IV). Therefore, clinical 
condition of pregnant women was comparable among the groups [25].

3.1.1. Clinical course of the post-vaccination period

Evaluation of the clinical course of the post-vaccination period has shown that it was asymp-
tomatic in 58.1% of women from group I, 60.0% from group II, 54.5% from group III, and 
60.9% from group IV (p > 0.05). It came under notice that in groups I, II, and III, women vac-
cinated in the third trimester of pregnancy developed the post-vaccination local and systemic 
undesirable effects significantly less often than women vaccinated in the second trimester (p < 
0.05 to p < 0.01). The local symptoms occurred in the first few days after vaccination included 
pain, hyperemia, and infiltration at the site of injection. Such reactions occurred more often 
in pregnant women immunized with trivalent vaccines (group II—8.0%, group III—10.4%) 
than in women from placebo group (4.9%), (p < 0.05). It was noted that pregnant women from 
group I developed no or minimal systemic adverse reactions (nausea, fatigability, dizziness or 
myalgia) where intensity was significantly lower compared to that in women vaccinated with 
trivalent vaccine, namely group I—6.9% (p < 0.05 versus group II), group II—12.0%, group 
III—10.4%, and group IV—10.2% [26, 27].
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60.9% from group IV (p > 0.05). It came under notice that in groups I, II, and III, women vac-
cinated in the third trimester of pregnancy developed the post-vaccination local and systemic 
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3.1.2. Clinical blood analysis

In the late (8–30 days) post-vaccination period, no local post-injection reactions have been 
reported in either group. Systemic reactions included frequent complaints on increased fati-
gability and headaches in women from group III (p < 0.05). With regard to other symptoms, 
the groups did not differ significantly between each other and the placebo group (group 
I—9.3%, group II—14.0%, group III—12.5%, and group IV—12.2%). All symptoms were of a 
transient nature and required no medication management [26, 27].

Analysis of complete blood count has shown that for the majority of formed elements, cell 
counts did not differ from normal values in both pre-vaccination and post-vaccination periods. 
Occasional differences were mostly related to the particulars of the pregnancy period. Analysis 
of basic metabolic panel performed in dynamics on day 7 and day 30 of the post-vaccination 
period in each group also did not reveal significant abnormalities which could reflect changes 
in the metabolic homeostasis (p > 0.05). Small changes in creatinine level (minimal value in 
group III at day 30 post-vaccination—58.04 ± 1.57 μmol/L) and alkaline phosphatase (AP) (max-
imum value in group III at day 30 post-vaccination—86.23 ± 7.84 IU/L) are not remarkable and 
fall within the average normal values, attesting to normal variability of this parameter [28, 29].

3.1.3. Lipid metabolism

Analysis of lipid panel obtained 30 days post-vaccination has shown that in all groups, the 
parameters of lipid/cholesterol metabolism are not significantly altered, and remain within 
physiological variations [12, 13].

3.1.4. Hormonal profile

Analysis of hormonal profile among vaccinated women has revealed only the intra-group 
changes in hormone levels which are not so much related to vaccination but rather are due to 
the gestational age.

Significant differences in prolactin, progesterone, estradiol, and cortisol serum levels were 
observed in women of different gestational age regardless of whether they received mon-
ovalent or trivalent influenza vaccine or placebo (p < 0.05). Therefore, it can be affirmed 
that, despite certain differences in the composition of influenza vaccines used in the study, 
there are no hormonal changes which could have influenced the state of the fetoplacental 
unit [12, 13].

3.1.5. Humoral immunity

Serum levels of immunoglobulins measured immediately after vaccination and on day 7 
post-vaccination were comparable in pregnant women immunized with different influenza 
vaccines. At day 30, post-vaccination pregnant women who had received the monovalent 
influenza vaccine demonstrated higher IgA levels (2.56 ± 0.27 mg/mL) compared to women 
vaccinated with trivalent preparations (1.61 ± 0.09 mg/mL in group II, 1.34 ± 0.11 mg/mL in 
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group III, and 1.14 ± 0.14 mg/mL in group IV) (p < 0.01 to p < 0.001). Despite the above differ-
ences, the antibody levels reflect normal serum IgA variations. Despite the established differ-
ence, the IgA content in all comparison groups was recorded within the physiological norm. 
Levels of IgM and IgG antibodies did not differ significantly between the groups.

Some variations in the IgG subclasses (1, 2, 3, 4) in the early and late post-vaccination periods 
were found. However, these variations remained within the acceptable range. In pregnant 
women with a history of allergic diseases, vaccination against influenza had no subsequent 
effect on serum total IgE levels.

3.1.6. Cytokine profile

It was noted that all pregnant women vaccinated with different vaccine preparations had 
elevated levels of mitogen-stimulated IL-1α at day 7 post-vaccination. By day 30, concen-
tration of IL-1α remained elevated as compared to placebo control (p < 0.05) although was 
significantly lower than in vaccinated non-pregnant women (p < 0.01). No changes in the IL-2 
and TNFα levels have been observed in vaccinated pregnant women although were also sig-
nificantly higher than in non-pregnant women (p < 0.01). The IL-1RA values in a spontaneous 
cytokine production assay were significantly elevated only after vaccination with trivalent 
preparations by day 7 (group II) and by day 30 (groups II and III) post-vaccination (p < 0.01). 
At the same time, following mitogen stimulation, no significant changes in the IL-2 concentra-
tion have been found in any group. All pregnant women demonstrated significant increase 
in the IL-IRA and IL-10 following mitogen stimulation regardless of the type of vaccine that 
reflected the mechanism of physiological control of immune activation.

The IL-4 levels were most stable, with no significant dynamic changes among the groups. The 
only exception was a subgroup of women immunized with a non-adjuvanted trivalent vaccine 
in different trimesters of pregnancy. It was noted that by day 7 post-vaccination, a higher level of 
stimulated IL-4 was found in vaccinated women in the third trimester of pregnancy (6.85 ± 0.11 
pg/mL in group III) as compared to pregnant women who had received the adjuvant-contain-
ing vaccine during the same period (2.95 ± 0.09 pg/mL in group II) (p < 0.05). Subsequently (on 
day 30 post-vaccination), such differences between the groups could not be found.

Pregnant women had lower IFNγ levels in the mitogen-stimulated cytokine production 
assay (881.86 ± 92.93 pg/mL in group I, 784.17 ± 65.03 pg/mL in group II, 854.89 ± 68.71 
pg/mL in group III, and 790.30 ± 45.55 pg/mL in group IV) than the non-pregnant women 
(1419.60 ± 69.45 pg/mL in group V) which reflected a natural background level of physiologi-
cal immune response (p < 0.05). At the same time during the first 7 days, post-vaccination 
elevated IFNγ was detected only in pregnant women who had received the polymer-subunit 
vaccines (6.47 ± 1.68 pg/mL in group I and 5.89 ± 1.08 pg/mL in group II) as compared to 
group III (3.03 ± 0.39 pg/mL) (p < 0.05). These differences were short-lived, and by day 30, 
post-vaccination was undetectable [30].

Therefore, the overall picture of cytokine profile in pregnant women had a trend characteristic 
of physiologic immunosuppression in pregnancy, that is, moderately elevated IL-IRA and 
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group III, and 1.14 ± 0.14 mg/mL in group IV) (p < 0.01 to p < 0.001). Despite the above differ-
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ence, the IgA content in all comparison groups was recorded within the physiological norm. 
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group III (3.03 ± 0.39 pg/mL) (p < 0.05). These differences were short-lived, and by day 30, 
post-vaccination was undetectable [30].

Therefore, the overall picture of cytokine profile in pregnant women had a trend characteristic 
of physiologic immunosuppression in pregnancy, that is, moderately elevated IL-IRA and 
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IL-10 and the absence in the post-vaccination period of significantly elevated anti-inflammatory  
cytokines in the mitogen-stimulation cytokine production assay. Nonetheless, the adjuvanted 
subunit vaccines had certain differences in their ability to influence cytokine secretion and 
short-term elevation of IFNγ which is most prominent in women in the second trimester of 
pregnancy that may reflect active involvement of the Th1-mediated mechanisms of post-vac-
cination immunity. Use of non-adjuvanted vaccines leads to immune processes in the early 
post-vaccination period which are accompanied by increased IL-4 synthesis by blood leuko-
cytes (a sign of Th2-mediated activation) especially in women vaccinated in late pregnancy. 
The indirect evidence in favor of this suggestion is the absence of significance changes in 
the IFNγ levels in the early and late post-vaccination periods. All found changes of param-
eters recorded in different groups of vaccinated women remained within an acceptable range 
of variation. Also, no changes pertaining to destabilization of regulation and functioning of 
immune system due to influenza vaccination of pregnant women have been found [31].

3.2. Effect of vaccination of pregnant women using “Grippol® Plus” influenza vaccine on 
the antenatal fetal development

3.2.1. Fetoplacental complex

Monitoring of fetal development was carried out using a complex of measures, which 
included analysis of markers of fetoplacental complex and ultrasound fetometry. In all groups 
of women in the early and late post-vaccination period, no changes in the basic parameters 
of embryo/fetogenesis (AFP, hCG, TBG) have been found (Table 3). Changes in the above 
parameters did not depend on the type of influenza vaccine used and corresponded to the ges-
tational age (second and third trimesters of pregnancy). Thus, for example, the TBG level in all 

Parameter Group I
“MonoGrippol 
Plus”
(n = 43)

Group II
“Grippol® Plus”
(n = 50)

Group III
“Agrippal S1”
(n = 48)

Group IV
“Placebo”
(n = 41)

In 7 days TBG
Ng/mL

97.93 ± 20.97 72.69 ± 11.89 88.04 ± 15.46 92.69 ± 20.88

AFP
IU/mL

60.05 ± 13.39 69.59 ± 7.62 81.09 ± 17.88 75.41 ± 10.36

hCG
IU/mL

36.51 ± 4.62 39.74 ± 8.22 40.43 ± 3.10 36.15 ± 2.48

In 30 days TBG
Ng/mL

124.85 ± 14.43 109.17 ± 10.81 118.21 ± 13.99 110.35 ± 13.12

AFP
IU/mL

98.65 ± 8.33 100.43 ± 11.01 110.84 ± 11.19 115.29 ± 9.92

hCG
IU/mL

29.52 ± 3.62 33.84 ± 7.55 29.24 ± 5.20 28.95 ± 1.88

Note: p > 0.05 for differences between groups.

Table 3. Fetal complex markers in pregnant women vaccinated against influenza (M ± m).
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groups (including placebo control) of women vaccinated in the second trimester of pregnancy 
was significantly lower than in the third trimester (p < 0.05 to p < 0.01). A direct relationship 
was found between the TBG and AFP concentrations (r = 0.60; p < 0.05) with TBG levels rising 
as pregnancy progresses (p < 0.001). The hCG levels were dropping during the follow-up and 
inversely correlated with the TBG levels (r= -0.50; p < 0.01). All serum markers had no devia-
tions from the reference values and reflected physiological changes in pregnancy [32].

3.2.2. Fetometry

Fetometry performed in the second (21–22 weeks) and third (33–35 `) trimester of pregnancy 
failed to reveal differences among the groups of pregnant women (Table 4).

Therefore, study results indicate that vaccination of pregnant women using the adjuvant-
containing influenza vaccines “MonoGrippol Plus” and “Grippol® Plus” has no effect on the 
intrauterine fetal development. Changes of the basic parameters of fetoplacental unit are com-
parable between the groups and reflect physiological changes during fetal growth.

3.3. Pregnancy outcomes in women vaccinated with “MonoGrippol Plus” and “Grippol® 
Plus” influenza vaccines

In the majority of cases (85.4–90.7%), pregnancy resulted in physiologic birth (Table 5). In a 
fraction of women, their pregnancy terminated prematurely with the birth of preterm babies 
(between 2.0 and 8.3%) which corresponds to the preterm birth rate in the Ulyanovsk region 
of Russia (3.7–5.8%) where the study was taking place. Such outcome was due to the obstetric 
pathology which was unrelated to prior vaccination. Also, cases of birth of babies with perina-
tally acquired neurological impairment were mostly associated with gestational immaturity 
(7.3–10.4%). A fraction of babies had the intrauterine infection-like syndrome (2.0–6.3%) and 
developmental abnormalities and defects in 2.0–4.9% of cases (3.8–5.9% across the Ulyanovsk 
region) [33]. Owing to the above abnormalities, such babies were excluded from further study.

3.4. Particulars of development of up to 6 month old infants born to mothers vaccinated 
during pregnancy with “MonoGrippol Plus” and “Grippol® Plus” influenza vaccines

3.4.1. Apgar scale

The early neonatal period of infants born to mothers vaccinated during pregnancy had a compa-
rable dynamics between the groups. It was shown that, immediately after birth, the number of 
babies with Apgar score of 8–9 points was similar between the groups (group I—92.1%, group 
II—87.5%, group III—80.9%, and group IV—94.3%) which attests to the overall good functional 
maturity. The period of adaptation in newborns passed without complications [34, 35].

3.4.2. Feeding

The feeding of infants born to mothers vaccinated with different influenza vaccines did not 
differ significantly between the groups. The highest number of nursing mothers (100%) dur-
ing the neonatal period was observed in groups I and IV and was somewhat lower in groups 
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groups (including placebo control) of women vaccinated in the second trimester of pregnancy 
was significantly lower than in the third trimester (p < 0.05 to p < 0.01). A direct relationship 
was found between the TBG and AFP concentrations (r = 0.60; p < 0.05) with TBG levels rising 
as pregnancy progresses (p < 0.001). The hCG levels were dropping during the follow-up and 
inversely correlated with the TBG levels (r= -0.50; p < 0.01). All serum markers had no devia-
tions from the reference values and reflected physiological changes in pregnancy [32].

3.2.2. Fetometry

Fetometry performed in the second (21–22 weeks) and third (33–35 `) trimester of pregnancy 
failed to reveal differences among the groups of pregnant women (Table 4).

Therefore, study results indicate that vaccination of pregnant women using the adjuvant-
containing influenza vaccines “MonoGrippol Plus” and “Grippol® Plus” has no effect on the 
intrauterine fetal development. Changes of the basic parameters of fetoplacental unit are com-
parable between the groups and reflect physiological changes during fetal growth.

3.3. Pregnancy outcomes in women vaccinated with “MonoGrippol Plus” and “Grippol® 
Plus” influenza vaccines

In the majority of cases (85.4–90.7%), pregnancy resulted in physiologic birth (Table 5). In a 
fraction of women, their pregnancy terminated prematurely with the birth of preterm babies 
(between 2.0 and 8.3%) which corresponds to the preterm birth rate in the Ulyanovsk region 
of Russia (3.7–5.8%) where the study was taking place. Such outcome was due to the obstetric 
pathology which was unrelated to prior vaccination. Also, cases of birth of babies with perina-
tally acquired neurological impairment were mostly associated with gestational immaturity 
(7.3–10.4%). A fraction of babies had the intrauterine infection-like syndrome (2.0–6.3%) and 
developmental abnormalities and defects in 2.0–4.9% of cases (3.8–5.9% across the Ulyanovsk 
region) [33]. Owing to the above abnormalities, such babies were excluded from further study.

3.4. Particulars of development of up to 6 month old infants born to mothers vaccinated 
during pregnancy with “MonoGrippol Plus” and “Grippol® Plus” influenza vaccines

3.4.1. Apgar scale

The early neonatal period of infants born to mothers vaccinated during pregnancy had a compa-
rable dynamics between the groups. It was shown that, immediately after birth, the number of 
babies with Apgar score of 8–9 points was similar between the groups (group I—92.1%, group 
II—87.5%, group III—80.9%, and group IV—94.3%) which attests to the overall good functional 
maturity. The period of adaptation in newborns passed without complications [34, 35].

3.4.2. Feeding

The feeding of infants born to mothers vaccinated with different influenza vaccines did not 
differ significantly between the groups. The highest number of nursing mothers (100%) dur-
ing the neonatal period was observed in groups I and IV and was somewhat lower in groups 
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II and III (85.4 and 92.9%, respectively) (p > 0.05). Further onwards, the number of infants 
receiving only breast milk gradually diminished (92.1% at 3 months and 65.8% at 6 months in 
group I; 85.4% at 3 months and 72.9% at 6 months in group II; 83.3% at 3 months and 69.0% at 
6 months in group III; and 88.6% at 3 months and 60.0% at 6 months in group IV) (p > 0.05). 
Therefore, vaccination of women with subunit adjuvanted influenza vaccines during preg-
nancy has no further impact on lactation and duration of breastfeeding.

3.4.3. Body weight and length

Parameters of physical development of infants of the first 6 months of life from different 
groups were generally comparable. Body weight and body length at different time points were 
within the percentile rank (25-50-75). The Ketle 1 index in group I newborns was 65.1 ± 0.67, in 
group II—63.8 ± 1.22, in group III—65.5 ± 1.72, and in group IV—67.1 ± 1.03 (p > 0.05).

In the majority of cases, the proportionality of physical development among infants in their 
first few months of life had the average values of harmonious development, namely 65–74% in 
group I, 70–76% in group II, 69–81% in group III, and 69–76% in placebo group (p > 0.05). The 
infants with the average values below harmonious development were found equally often (14–
22% in group I, 12–16% in group II, 12–19% in group III, and 18–21% in group IV). The infants 
with the average values above harmonious development (6–22% in group I, 10–17% in group II, 
7–12% in group III, and 6–15% in group IV) were considered as a variant of body constitutional 
norm (p > 0.05). Infants with a disproportional physical development have not been found.

Parameter Group I
“MonoGrippol 
Plus”
(n = 43)

Group II
“Grippol® Plus”
(n = 50)

Group III
“Agrippal S1”
(n = 48)

Group IV
“Placebo”
(n = 41)

Women Physiological 
birth

39 (90.7%) 48 (96.0%) 43 (89.5%) 35 (85.4%)

Miscarriage 0 1 (2.0%) 1 (2.1%) 1 (2.4%)

Premature birth 4 (9.3%) 1 (2.0%) 4 (8.3%) 3 (7.3%)

Infants Without 
pathology

38 (88.4%) 46 (92.0%) 42 (87.5%) 33 (85.4%)

Birth of 
babies with 
abnormalities or 
developmental 
defects

1 (2.3%) 1 (2.0%) 2 (4.2%) 2 (4.9%)

Perinatal CNS 
lesions

4 (9.3%) 3 (6.0%) 5 (10.4%) 3 (7.3%)

Intrauterine 
infection-like 
syndrome

2 (4.6%) 1 (2.0%) 4 (6.3%) 2 (4.9%)

Note: p > 0.05 for differences between groups.

Table 5. Outcomes of pregnancy and birth in women vaccinated against influenza.
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II and III (85.4 and 92.9%, respectively) (p > 0.05). Further onwards, the number of infants 
receiving only breast milk gradually diminished (92.1% at 3 months and 65.8% at 6 months in 
group I; 85.4% at 3 months and 72.9% at 6 months in group II; 83.3% at 3 months and 69.0% at 
6 months in group III; and 88.6% at 3 months and 60.0% at 6 months in group IV) (p > 0.05). 
Therefore, vaccination of women with subunit adjuvanted influenza vaccines during preg-
nancy has no further impact on lactation and duration of breastfeeding.

3.4.3. Body weight and length

Parameters of physical development of infants of the first 6 months of life from different 
groups were generally comparable. Body weight and body length at different time points were 
within the percentile rank (25-50-75). The Ketle 1 index in group I newborns was 65.1 ± 0.67, in 
group II—63.8 ± 1.22, in group III—65.5 ± 1.72, and in group IV—67.1 ± 1.03 (p > 0.05).

In the majority of cases, the proportionality of physical development among infants in their 
first few months of life had the average values of harmonious development, namely 65–74% in 
group I, 70–76% in group II, 69–81% in group III, and 69–76% in placebo group (p > 0.05). The 
infants with the average values below harmonious development were found equally often (14–
22% in group I, 12–16% in group II, 12–19% in group III, and 18–21% in group IV). The infants 
with the average values above harmonious development (6–22% in group I, 10–17% in group II, 
7–12% in group III, and 6–15% in group IV) were considered as a variant of body constitutional 
norm (p > 0.05). Infants with a disproportional physical development have not been found.

Parameter Group I
“MonoGrippol 
Plus”
(n = 43)

Group II
“Grippol® Plus”
(n = 50)

Group III
“Agrippal S1”
(n = 48)

Group IV
“Placebo”
(n = 41)

Women Physiological 
birth

39 (90.7%) 48 (96.0%) 43 (89.5%) 35 (85.4%)

Miscarriage 0 1 (2.0%) 1 (2.1%) 1 (2.4%)

Premature birth 4 (9.3%) 1 (2.0%) 4 (8.3%) 3 (7.3%)

Infants Without 
pathology

38 (88.4%) 46 (92.0%) 42 (87.5%) 33 (85.4%)

Birth of 
babies with 
abnormalities or 
developmental 
defects

1 (2.3%) 1 (2.0%) 2 (4.2%) 2 (4.9%)

Perinatal CNS 
lesions

4 (9.3%) 3 (6.0%) 5 (10.4%) 3 (7.3%)

Intrauterine 
infection-like 
syndrome

2 (4.6%) 1 (2.0%) 4 (6.3%) 2 (4.9%)

Note: p > 0.05 for differences between groups.

Table 5. Outcomes of pregnancy and birth in women vaccinated against influenza.
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Therefore, our results attest to the sufficiency of basic criteria for infant development and 
reflect the population maturity in terms of their physical development regardless of vaccina-
tion of their mothers during pregnancy with different influenza subunit vaccines.

3.4.4. Neuropsychological development

Parameters of neuropsychological development (NPD) of children born to vaccinated mothers 
did not differ significantly from those of the placebo group. Overall, no changes of NPD have 
been observed in 81.6% of group I infants in their first 6 months of life who had been born to 
mothers vaccinated during pregnancy with a monovalent influenza vaccine. In other clinical 
groups, this parameter was 83.3% (group II), 78.6% (group III), and 77.1% (group IV) (p > 0.05). 
Within the structure of occasional NPD disorders, there were conditions which number did 
not exceed the average statistical rate of neurological pathology in a given pediatric age group.

It was noted that infants born to women vaccinated during pregnancy with trivalent influenza 
vaccines were 1.8-times less likely to develop non-influenza respiratory infections within the 
first 6 months of life as compared to infants from placebo control group (Figure 2).

3.5. Immunogenicity of adjuvanted influenza vaccine “Grippol® Plus” in pregnant women 
vaccinated during different trimesters of pregnancy

In this study, the level of post-vaccination antibodies to influenza virus was evaluated only 
in a group of pregnant women and non-pregnant women vaccinated with a trivalent adju-
vanted influenza vaccine with the aim of revealing the features of the effect of pregnancy on 
the synthesis of antibodies. Since it has been already proven that the introduction of subunit 
unadjuvanted vaccines in pregnant women is accompanied by the formation of antibodies to 
the influenza virus in values not differing from those in non-pregnant ones, it seemed to us 
interesting to investigate the interaction of the immunoadjuvant preparation with the tran-
siently altered immune status of the pregnant woman [36].

Figure 2. Incidence of morbidity due to non-influenza respiratory infections in infants during their first 6 months of life. 
Note: *- p < 0.05 for differences between groups I, II, III and group IV.
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It was found that a part of women before immunization had a seroprotective (≥1:40) baseline 
antibody level to vaccine strains of influenza virus (Table 6). In all examined women, the 
antibody titer was higher to influenza virus B (22.2% of women in the second trimester, 26.1% 
in the third trimester and 25.7% in non-pregnant women). This is probably due to the dura-
tion of its circulation in the population and the formation of natural immunity. It should be 
noted that none of the participants in the study was vaccinated before and did not confirm an 
acute illness caused by the influenza virus. One month after vaccination, women of all groups 
demonstrated a significant rise in antibody titer that fully met one of the CPMP criteria. In the 
post-vaccination period, the antiviral antibody titer gradually declined reaching a significant 
difference against baseline by 3 months postpartum in women vaccinated in the second and 
third trimesters. The observed difference referred only to viral strain A/H1N1/v (p < 0.05). It is 
possible that the loss of antibodies to a pandemic strain is associated with the peculiarities of 
the formation of immunity after its first administration. Other authors have shown that spe-
cific antibodies to this strain in the post-vaccination period can be synthesized at lower values 
and therefore be accompanied by their faster loss. At 6 and 12 months post-vaccination, there 
was a marked regression of seroprotection level with regard to antibody titer against strains 
A/H1N1/v, A/H3N2/and B in women vaccinated during pregnancy in the second and third 
trimesters (p < 0.01). Such trend was also traced in a group of non-pregnant women; however, 
the changes were less remarkable, with a fairly significant fraction of subjects having a high 
level of protective antibodies. Similar dynamics of post-vaccination antibodies were noted in 
pregnant women vaccinated with subunit non-adjuvanted influenza vaccine [37].

The rate of development and intensity of protective immunity include the level and fac-
tor of seroconversion across all influenza virus strains. Those were compared between the 
groups, and it was found that their values met the CPMP criteria (Table 7). The majority 
of data obtained did not differ between the groups. One exception was the seroconversion 
factor for strain B in pregnant women vaccinated in the third trimester of pregnancy (5.1) 
when it was compared with the matching parameter in the non-pregnant women group 
(6.9) (p < 0.05).

The dynamics of influenza antibody (AB) titers based on the geometric mean titer (GMT) 
reflect the decline of antibody level with time in the post-vaccination period (Table 8). It 
was noted that at one month post-vaccination, the value of GMT AB to A/H1N1/v strain in 
women vaccinated in the second trimester of pregnancy was significantly lower (49.12 ± 0.29) 
compared to subjects vaccinated in the third trimester of pregnancy (60.99 ± 0.25) (p < 0.05). 
During all subsequent periods, this parameter showed no differences with regard to the tri-
mester of pregnancy.

Pregnant women vaccinated in the third trimester of pregnancy showed at 3 months post-
vaccination and throughout the follow-up period lower GMT AB titers to strain B compared 
to the non-pregnant women (p < 0.05 to p < 0.01). Similar trend was traced in women of the 
same group with regard to all influenza virus strains at 6 months postpartum compared to the 
non-pregnant women (p < 0.05 to p < 0.01).

Therefore, the post-vaccination immune response in women vaccinated with a trivalent adju-
vanted influenza vaccine at different times of pregnancy, during the first month, did not differ  
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Therefore, our results attest to the sufficiency of basic criteria for infant development and 
reflect the population maturity in terms of their physical development regardless of vaccina-
tion of their mothers during pregnancy with different influenza subunit vaccines.

3.4.4. Neuropsychological development
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did not differ significantly from those of the placebo group. Overall, no changes of NPD have 
been observed in 81.6% of group I infants in their first 6 months of life who had been born to 
mothers vaccinated during pregnancy with a monovalent influenza vaccine. In other clinical 
groups, this parameter was 83.3% (group II), 78.6% (group III), and 77.1% (group IV) (p > 0.05). 
Within the structure of occasional NPD disorders, there were conditions which number did 
not exceed the average statistical rate of neurological pathology in a given pediatric age group.

It was noted that infants born to women vaccinated during pregnancy with trivalent influenza 
vaccines were 1.8-times less likely to develop non-influenza respiratory infections within the 
first 6 months of life as compared to infants from placebo control group (Figure 2).

3.5. Immunogenicity of adjuvanted influenza vaccine “Grippol® Plus” in pregnant women 
vaccinated during different trimesters of pregnancy

In this study, the level of post-vaccination antibodies to influenza virus was evaluated only 
in a group of pregnant women and non-pregnant women vaccinated with a trivalent adju-
vanted influenza vaccine with the aim of revealing the features of the effect of pregnancy on 
the synthesis of antibodies. Since it has been already proven that the introduction of subunit 
unadjuvanted vaccines in pregnant women is accompanied by the formation of antibodies to 
the influenza virus in values not differing from those in non-pregnant ones, it seemed to us 
interesting to investigate the interaction of the immunoadjuvant preparation with the tran-
siently altered immune status of the pregnant woman [36].

Figure 2. Incidence of morbidity due to non-influenza respiratory infections in infants during their first 6 months of life. 
Note: *- p < 0.05 for differences between groups I, II, III and group IV.
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It was found that a part of women before immunization had a seroprotective (≥1:40) baseline 
antibody level to vaccine strains of influenza virus (Table 6). In all examined women, the 
antibody titer was higher to influenza virus B (22.2% of women in the second trimester, 26.1% 
in the third trimester and 25.7% in non-pregnant women). This is probably due to the dura-
tion of its circulation in the population and the formation of natural immunity. It should be 
noted that none of the participants in the study was vaccinated before and did not confirm an 
acute illness caused by the influenza virus. One month after vaccination, women of all groups 
demonstrated a significant rise in antibody titer that fully met one of the CPMP criteria. In the 
post-vaccination period, the antiviral antibody titer gradually declined reaching a significant 
difference against baseline by 3 months postpartum in women vaccinated in the second and 
third trimesters. The observed difference referred only to viral strain A/H1N1/v (p < 0.05). It is 
possible that the loss of antibodies to a pandemic strain is associated with the peculiarities of 
the formation of immunity after its first administration. Other authors have shown that spe-
cific antibodies to this strain in the post-vaccination period can be synthesized at lower values 
and therefore be accompanied by their faster loss. At 6 and 12 months post-vaccination, there 
was a marked regression of seroprotection level with regard to antibody titer against strains 
A/H1N1/v, A/H3N2/and B in women vaccinated during pregnancy in the second and third 
trimesters (p < 0.01). Such trend was also traced in a group of non-pregnant women; however, 
the changes were less remarkable, with a fairly significant fraction of subjects having a high 
level of protective antibodies. Similar dynamics of post-vaccination antibodies were noted in 
pregnant women vaccinated with subunit non-adjuvanted influenza vaccine [37].

The rate of development and intensity of protective immunity include the level and fac-
tor of seroconversion across all influenza virus strains. Those were compared between the 
groups, and it was found that their values met the CPMP criteria (Table 7). The majority 
of data obtained did not differ between the groups. One exception was the seroconversion 
factor for strain B in pregnant women vaccinated in the third trimester of pregnancy (5.1) 
when it was compared with the matching parameter in the non-pregnant women group 
(6.9) (p < 0.05).

The dynamics of influenza antibody (AB) titers based on the geometric mean titer (GMT) 
reflect the decline of antibody level with time in the post-vaccination period (Table 8). It 
was noted that at one month post-vaccination, the value of GMT AB to A/H1N1/v strain in 
women vaccinated in the second trimester of pregnancy was significantly lower (49.12 ± 0.29) 
compared to subjects vaccinated in the third trimester of pregnancy (60.99 ± 0.25) (p < 0.05). 
During all subsequent periods, this parameter showed no differences with regard to the tri-
mester of pregnancy.

Pregnant women vaccinated in the third trimester of pregnancy showed at 3 months post-
vaccination and throughout the follow-up period lower GMT AB titers to strain B compared 
to the non-pregnant women (p < 0.05 to p < 0.01). Similar trend was traced in women of the 
same group with regard to all influenza virus strains at 6 months postpartum compared to the 
non-pregnant women (p < 0.05 to p < 0.01).

Therefore, the post-vaccination immune response in women vaccinated with a trivalent adju-
vanted influenza vaccine at different times of pregnancy, during the first month, did not differ  
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from that in vaccinated non-pregnant women and fully met the CPMP criteria. The level of 
antibodies to strain A/H1N1/v following administration of a trivalent vaccine was nearly the 
same as with vaccination of pregnant women with the monovalent, subunit, adjuvanted vac-
cine [38, 39]

With time the postpartum women demonstrated a more pronounced reduction of seropro-
tection level, especially against the A/H1N1/v strain. After 6 months postpartum, the rate 
of regression of seroprotection level in subgroups of vaccinated pregnant women (taking 
into account the gestational age) has increased 1.6–1.7-fold (A/H1N1/v), 1.4-fold (A/H3N2) 
and 1.5- to 1.6-fold (B), whereas in the non-pregnant women group same parameter was 
1.2-fold (A/H1N1/v), 1.2-fold (A/H3N2) and 1.4-fold (B), respectively. This trend was in line 
with dynamic reduction of the MGT AB values during the last months of the follow-up [38]. 
Consequently, the existing physiological immunological changes in the immune system 
during pregnancy may affect the formation and preservation of post-vaccination antibodies 
to strains of influenza virus when using subunit immunoadjuvant vaccines. However, this 
assumption should be confirmed by new data research.

3.6. Immunologic effectiveness of vaccination of pregnant women using “Grippol® Plus” 
influenza vaccine in mother-infant pairs

Analysis of transplacental immunity in the first months of life of infants born to women vac-
cinated during pregnancy with “Grippol® Plus” vaccine has shown that the level of seropro-
tection against influenza virus strains significantly differed only in the mother-infant pairs 
from the group of subjects vaccinated in the second trimester of pregnancy (p < 0.05), while 
no differences in the number of seroprotected infants have been found (p > 0.05) (Table 9). 
At 3 months after birth all infants, regardless of the time of their mothers’ vaccination, dem-
onstrated a significant reduction of protective titers of transplacental antibodies to vaccine 
strains of influenza virus as compared to their antibody titers obtained at birth and antibody 
titers in their mothers (p < 0.01). Further onwards, protective antibodies to vaccine strains 
of influenza virus completely vanished, and among the 6-month infants, the titer dropped 
to zero in both groups [40]. It should be noted that by 3 months of life, the rate of regression 
of antibody titer was higher in the subgroup of infants born to mothers vaccinated in late 
pregnancy, namely 2.8-fold higher for A/H1N1/v, 2.6-fold higher for A/H3N2/, and 4.0-fold 
higher for B strain.

Therefore, 52.3–61.9% of babies born to women vaccinated during pregnancy with “Grippol® 
Plus” vaccine had protective antibody levels against vaccine influenza strains at the time of 
their birth. This level of protection significantly declined with time and by 3 months of life 
remained at a protective level in only 14.2–24.0% of infants. At the age of 6 months, protec-
tive titers of maternal antibodies completely vanished in all infants. Infants born to women 
vaccinated in the second trimester of pregnancy had higher activity of protective antibodies 
and lower rate of reduction of seroprotection level which attests to a better preservation of 
the post-vaccination transplacental immunity. Thus, the advantage of vaccination of preg-
nant women with the use of immunoadjuvant subunit vaccine in the II trimester of gestation 
was revealed.
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from that in vaccinated non-pregnant women and fully met the CPMP criteria. The level of 
antibodies to strain A/H1N1/v following administration of a trivalent vaccine was nearly the 
same as with vaccination of pregnant women with the monovalent, subunit, adjuvanted vac-
cine [38, 39]

With time the postpartum women demonstrated a more pronounced reduction of seropro-
tection level, especially against the A/H1N1/v strain. After 6 months postpartum, the rate 
of regression of seroprotection level in subgroups of vaccinated pregnant women (taking 
into account the gestational age) has increased 1.6–1.7-fold (A/H1N1/v), 1.4-fold (A/H3N2) 
and 1.5- to 1.6-fold (B), whereas in the non-pregnant women group same parameter was 
1.2-fold (A/H1N1/v), 1.2-fold (A/H3N2) and 1.4-fold (B), respectively. This trend was in line 
with dynamic reduction of the MGT AB values during the last months of the follow-up [38]. 
Consequently, the existing physiological immunological changes in the immune system 
during pregnancy may affect the formation and preservation of post-vaccination antibodies 
to strains of influenza virus when using subunit immunoadjuvant vaccines. However, this 
assumption should be confirmed by new data research.

3.6. Immunologic effectiveness of vaccination of pregnant women using “Grippol® Plus” 
influenza vaccine in mother-infant pairs

Analysis of transplacental immunity in the first months of life of infants born to women vac-
cinated during pregnancy with “Grippol® Plus” vaccine has shown that the level of seropro-
tection against influenza virus strains significantly differed only in the mother-infant pairs 
from the group of subjects vaccinated in the second trimester of pregnancy (p < 0.05), while 
no differences in the number of seroprotected infants have been found (p > 0.05) (Table 9). 
At 3 months after birth all infants, regardless of the time of their mothers’ vaccination, dem-
onstrated a significant reduction of protective titers of transplacental antibodies to vaccine 
strains of influenza virus as compared to their antibody titers obtained at birth and antibody 
titers in their mothers (p < 0.01). Further onwards, protective antibodies to vaccine strains 
of influenza virus completely vanished, and among the 6-month infants, the titer dropped 
to zero in both groups [40]. It should be noted that by 3 months of life, the rate of regression 
of antibody titer was higher in the subgroup of infants born to mothers vaccinated in late 
pregnancy, namely 2.8-fold higher for A/H1N1/v, 2.6-fold higher for A/H3N2/, and 4.0-fold 
higher for B strain.

Therefore, 52.3–61.9% of babies born to women vaccinated during pregnancy with “Grippol® 
Plus” vaccine had protective antibody levels against vaccine influenza strains at the time of 
their birth. This level of protection significantly declined with time and by 3 months of life 
remained at a protective level in only 14.2–24.0% of infants. At the age of 6 months, protec-
tive titers of maternal antibodies completely vanished in all infants. Infants born to women 
vaccinated in the second trimester of pregnancy had higher activity of protective antibodies 
and lower rate of reduction of seroprotection level which attests to a better preservation of 
the post-vaccination transplacental immunity. Thus, the advantage of vaccination of preg-
nant women with the use of immunoadjuvant subunit vaccine in the II trimester of gestation 
was revealed.
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4. Conclusions

1. Different underlying diseases diagnosed in women of reproductive age are not an im-
pediment to influenza vaccination during pregnancy.

2. Influenza vaccination during pregnancy using Russian-made polymer-subunit monova-
lent and trivalent vaccines (“MonoGrippol Plus” and “Grippol® Plus”) in 58.1–60.0% of 
cases is accompanied by asymptomatic post-vaccination period. The frequency of sys-
temic (generalized) post-vaccination reactions in immunized women (6.9–14.0%) does 
not differ significantly from that in placebo control group (10.2–12.2%).

3. Administration of adjuvanted vaccines to pregnant women does not cause disturbances 
of their metabolic homeostasis, hormonal profile, and cytokine profile.

4. Vaccination of pregnant women against influenza does not affect trophoblast function 
and fetal growth. Vaccination neither bears the risk of miscarriage nor influences the pat-
tern and duration of breastfeeding.

5. Considering that safety of adjuvanted influenza vaccines has been proven by clinical and 
laboratory investigations, additional safety studies in pregnant women before and post-
vaccination are redundant.

6. Babies born to mothers vaccinated against influenza with adjuvanted vaccines (“Mon-
oGrippol Plus” and “Grippol® Plus”) have a high level of physiological maturity. The 
basic parameters of physical and neuropsychological development in the early postnatal 
period in such infants do not differ from those of infants from control group.

7. Infants born to women vaccinated during pregnancy with influenza vaccines are 1.8 
times less likely to develop non-influenza respiratory infections within the first 6 months 
of life as compared to infants born to unvaccinated mothers.

8. Administration of adjuvanted trivalent vaccine to pregnant women elicits a pronounced 
immune response to influenza vaccine strains A and B that fully meets the CPMP criteria 
for seroprotection levels: A/H1N1/v—82.0%, A/H3N2/—88.0% and B—88.3%.

9. Women vaccinated with the polymer-subunit vaccine in the second trimester of preg-
nancy benefit from higher seroprotection level and longer retention time of influenza-
specific antibodies.

10. Protective titers of transplacental antibodies to different influenza virus strains are found 
in 52.3–68.9% of infants that is comparable to control figures. Higher levels of protec-
tive antibodies to different influenza virus strains are found in infants whose mothers 
have been vaccinated with adjuvanted vaccine “Grippol® Plus” in the second trimester 
of pregnancy.

11. Analysis of mother-infant pairs showed a direct correlation in levels of post-vaccination 
IgG influenza-specific antibodies between mother and infant. However, after 3 months, 
protective antibodies to influenza virus strains were detectable in 14.2–36.1% of infants 
followed by their complete disappearance at 6 months of life versus 57.1–71.4% (3 months) 
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4. Conclusions

1. Different underlying diseases diagnosed in women of reproductive age are not an im-
pediment to influenza vaccination during pregnancy.

2. Influenza vaccination during pregnancy using Russian-made polymer-subunit monova-
lent and trivalent vaccines (“MonoGrippol Plus” and “Grippol® Plus”) in 58.1–60.0% of 
cases is accompanied by asymptomatic post-vaccination period. The frequency of sys-
temic (generalized) post-vaccination reactions in immunized women (6.9–14.0%) does 
not differ significantly from that in placebo control group (10.2–12.2%).

3. Administration of adjuvanted vaccines to pregnant women does not cause disturbances 
of their metabolic homeostasis, hormonal profile, and cytokine profile.

4. Vaccination of pregnant women against influenza does not affect trophoblast function 
and fetal growth. Vaccination neither bears the risk of miscarriage nor influences the pat-
tern and duration of breastfeeding.

5. Considering that safety of adjuvanted influenza vaccines has been proven by clinical and 
laboratory investigations, additional safety studies in pregnant women before and post-
vaccination are redundant.

6. Babies born to mothers vaccinated against influenza with adjuvanted vaccines (“Mon-
oGrippol Plus” and “Grippol® Plus”) have a high level of physiological maturity. The 
basic parameters of physical and neuropsychological development in the early postnatal 
period in such infants do not differ from those of infants from control group.

7. Infants born to women vaccinated during pregnancy with influenza vaccines are 1.8 
times less likely to develop non-influenza respiratory infections within the first 6 months 
of life as compared to infants born to unvaccinated mothers.

8. Administration of adjuvanted trivalent vaccine to pregnant women elicits a pronounced 
immune response to influenza vaccine strains A and B that fully meets the CPMP criteria 
for seroprotection levels: A/H1N1/v—82.0%, A/H3N2/—88.0% and B—88.3%.

9. Women vaccinated with the polymer-subunit vaccine in the second trimester of preg-
nancy benefit from higher seroprotection level and longer retention time of influenza-
specific antibodies.

10. Protective titers of transplacental antibodies to different influenza virus strains are found 
in 52.3–68.9% of infants that is comparable to control figures. Higher levels of protec-
tive antibodies to different influenza virus strains are found in infants whose mothers 
have been vaccinated with adjuvanted vaccine “Grippol® Plus” in the second trimester 
of pregnancy.

11. Analysis of mother-infant pairs showed a direct correlation in levels of post-vaccination 
IgG influenza-specific antibodies between mother and infant. However, after 3 months, 
protective antibodies to influenza virus strains were detectable in 14.2–36.1% of infants 
followed by their complete disappearance at 6 months of life versus 57.1–71.4% (3 months) 
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and 48.1–65.4% (6 months) in their mothers. This observation provides substantiation that 
vaccination against influenza in high-risk infants shall start at the age of 6 months.

12. The results obtained allow us to recommend the “Grippol® Plus” vaccine for use in 
healthcare practice for specific prevention of seasonal influenza in pregnant women and 
their offspring up to age 6 months inclusive, using a single-dose vaccination schedule.
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and 48.1–65.4% (6 months) in their mothers. This observation provides substantiation that 
vaccination against influenza in high-risk infants shall start at the age of 6 months.

12. The results obtained allow us to recommend the “Grippol® Plus” vaccine for use in 
healthcare practice for specific prevention of seasonal influenza in pregnant women and 
their offspring up to age 6 months inclusive, using a single-dose vaccination schedule.
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Abstract

Vaccination, the administration of an antigenic material (vaccine), is considered to be the 
most effective method for disease prevention and control. A vaccine usually contains an 
agent that resembles a diseases‐causing pathogen and is often made from  inactivated 
microbes, live attenuated microbes, its toxins, or part of surface antigens (subunit). 
However, the modern biotechnological tools and genomics have opened a new era to 
develop novel vaccines and many products are successfully marketing around the world. 
It is important to formulate and deliver these vaccines appropriately to maximize the 
potential advances in prevention, therapy, and vaccinology. New vaccines employing 
biotechnological innovations are helping us to change the way for illness prevention. 
The clinical application of vaccines will be diversified along with the development 
of  biotechnologies. In modern society, the outbreak of many infectious diseases has 
decreased through vaccination, but the burden of noninfectious diseases is growing. The 
new biotechnologies may result in not only the appreciation of vaccines which are critical 
in inducing protection against an infectious disease but also the production of thera‐
peutic vaccines which are effective for alldiseases including infectious and noninfectious 
diseases.

Keywords: biotechnology, vaccine, genetic engineering, prevention, therapy

1. Introduction

A vaccine is a biological preparation that provides active acquired immunity to a particular 
pathogen. The agent stimulates the immune system to recognize itself as a foreign threat and 
thus destroys and remembers it, so that the immune system can easily destroy any of these 
pathogens when they later invade into the body. The following vaccine characteristics may be 
altered or enhanced by biotechnologies.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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1.1. Type

Inactivated microbes, live attenuated microbes, toxoids, and subunits have been manufac‐
tured as vaccines and employed to trigger adaptive immune responses [1].

1.2. Mode of action

The process is an artificial induction of immunity with an effort to protect against infec‐
tious diseases by priming the immune system with an immunogen. Vaccination traditionally 
includes various ways of administration such as given by injection, oral, intranasal, and per‐
cutaneous administration.

1.3. Effectiveness

The efficacy of vaccines is dependent on a number of factors such as the disease itself, the 
strain of vaccine, the vaccination schedule, idiosyncratic response to vaccination, and assorted 
factors, such as ethnicity, age, or genetic predisposition.

1.4. Potency

The potency is critically correlated to vaccine quality and efficacy. Its assay methods are vari‐
able, including in vivo assay, such as mice challenge test, plaque reduction neutralization test 
(PRNT), and in vitro assay, such as enzyme‐linked immunosorbent assay (ELISA).

1.5. Safety

Vaccines are one of the safest medical products, but they are sometimes risky. The safety 
should be evaluated in clinical phases and postmarket surveillance. Accurate information 
about the value of vaccines as well as their possible side effects helps people to make deci‐
sions about vaccination.

2. Biotechnology

Biotechnology is the technological application of biological organisms, systems, and  processes 
to develop, make, or modify products for specific uses such as pharmaceuticals, crops, and 
livestock. It encompasses a wide range of procedures for modifying living organisms accord‐
ing to human purposes. Traditional methods are the employment of artificial selection and 
hybridization, but modern usage also includes genetic engineering as well as cell and tissue 
culture technologies. In this section, we review some biotechnologies applied for the develop‐
ment and production of vaccines.

2.1. Application

Biotechnology is mainly used in three ways as follows: separation of a pure antigen using a 
specific monoclonal antibody; synthesis of an antigen with the assistance of a cloned gene; 
and synthesis of peptides to be used as vaccines.
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2.2. Approach

2.2.1. Reverse vaccinology

The basic idea of reverse vaccinology is that an entire pathogenic genome can be sequenced 
and screened by employing bioinformatics methods to explore genes. Functional genom‐
ics approaches, such as DNA microarrays, proteomics, and comparative genome analysis, 
are used for the identification of virulence factors and novel vaccine candidates. This new 
computational approach allows prediction of all antigens, independent of their abundance 
and immunogenicity during infection. The first attempt at reverse vaccinology began with 
Meningococcus B (MenB) vaccine. Moreover, it has been used on several other bacterial vaccines 
such as antibiotic‐resistant Staphylococcus aureus and Streptococcus pneumoniae [2].

Reverse vaccinology have changed the concepts and approaches for vaccine candidate 
selection and design. Genome investigation and selection of antigens provide a new way 
to study the pathogenesis mechanisms. The resulting lists of novel candidates which reveal 
new aspects of pathogenesis will promote the rational design of optimal vaccine antigens. 
Applying genomic approaches to study both hosts and pathogens will ultimately drive and 
guide next‐generation vaccine design [3].

2.2.2. Recombinant subunit vaccination

The gene cloning is a powerful tool to synthesize protein materials to subunit vaccine by 
recombinant DNA techniques. Recombinant subunit vaccines are made from a fragment of 
protein (antigen) expressed in the laboratory using the viral DNA, for example, hepatitis B 
(HB) vaccine. The hepatitis B virus (HBV) gene that codes for the antigen is inserted into 
baker’s yeast genome and then expresses the antigen protein. The antigen protein is harvested 
and purified to be used for the vaccine. This technique is also being used to explore a vaccine 
against hepatitis C [4].

Recombinant‐DNA techniques can facilitate the development of new principles to design 
and produce subunit vaccines. The recombinant subunit vaccine can furthermore be 
adapted by gene‐fusion technology, to be efficiently incorporated into immunopotentiating 
adjuvant systems. The recombinant strategies have become increasingly important to the 
passive vaccination strategy and use antibodies or antibody fragments to prevent infectious 
diseases [5].

2.2.3. Recombinant protein vaccination

Upon infection, a pathogen produces proteins to elicit an immune response from the infected 
body. The gene encoding such a protein is isolated from the causative organism and used 
to develop a recombinant DNA which is expressed in a heterologous expression system 
(e.g., bacterium, yeast, or insect). Recombinant protein vaccines, such as cholera vaccine, 
 diphtheria toxoid, and tetanus toxoid, are composed of protein/toxin antigens that have 
either been produced in another host organism or purified from large amount of pathogens. 
The vaccinated persons produce antibodies to the protein/toxin antigen to protect them‐
selves from diseases.
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The baculovirus‐insect cell expression system is also a recombinant protein manufacturing 
platform for the production of complex proteins. The technology is used for the mass produc‐
tion of various recombinant protein vaccines. The major advantage is that a universal “plug 
and play” process may be used to produce a variety of protein‐based prophylactic and thera‐
peutic vaccines for human uses [6].

2.2.4. Deoxyribonucleic acid (DNA) vaccination

DNA vaccination is a technique for protecting against diseases through the direct injection 
of genetically engineered DNA. The gene responsible for the immunogenic protein is cloned 
with a corresponding expression vector. This DNA will trigger an immune response and the 
individual is successfully vaccinated. DNA vaccines may have the ability to induce a wider 
range of immune response types over conventional vaccines.

Despite several DNA vaccines are available for veterinary uses, none of them is commercial 
for human uses. Research is being investigated using the approach for controlling infectious 
diseases and several cancers in humans. For instance, a synthetic consensus antispike protein 
DNA vaccine induces protective immunity against Middle East respiratory syndrome (MERS) 
coronavirus in nonhuman primates [7]. The improved formulations and delivery methods 
can increase the uptake of vaccine plasmids by cells. The optimization of vaccine vectors and 
encoded antigens, and the adding of novel adjuvants potentially increase and direct the host 
immune responses. Therefore, current DNA vaccines may induce more potent, cellular, and 
humoral immune responses to be tested for both preventative and therapeutic uses [8].

2.2.5. Messenger ribonucleic acid (mRNA) vaccination

mRNA vaccines consist of mRNA, which is encoded by antigen genes of an infectious agent. 
When the mRNA is administered into host cells, it will translate protein antigens that elicit 
protective immunity against the infectious agent [9]. Vaccines based on mRNA may offer 
a solution as sequence‐matched, clinical‐grade material could allow quick responses to the 
emergence of pandemic microbe strains.

mRNA vaccines have an outstanding safety profile and the unmet genetic flexibility. mRNA 
vaccines can induce a balanced immune response comprising both cellular and humoral 
immunity. Compared with DNA vaccines, mRNA offers stronger safety advantages in which 
it harbors only the elements directly required for expression of the encoded protein and 
hardly interacts with the genome [10]. Because any protein can be encoded and expressed by 
mRNA without the need to adjust the production process, mRNA vaccines offer maximum 
flexibility with respect to vaccine production, and principally enable the development of pro‐
phylactic and therapeutic vaccines fighting against infections and cancers [10].

2.3. Advantages

(1) Low risk for infection: Recombinant vaccines do not contain actual pathogens; only parts 
of the microbes (DNA, RNA, or protein) are used for making vaccines. Thus, recombinant 
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vaccines are safer than conventional vaccines and can be given to people with weakened 
immune systems.

(2) Induction of more efficient immunity: Recombinant vaccines potentially induce both hu‐
moral and cellular immune responses to result in more effective vaccination.

2.4. Challenges

(1) Complex vaccination schedules: The vaccines produced by biotechnologies are usually 
only parts of microbes (DNA, RNA, or protein); therefore, it is required to have multiple 
doses for maximum effectiveness either to produce sufficient initial immune responses or 
to boost responses that fade over time. To achieve full immunity, several doses must be 
given to induce additional “booster” shots for proper long‐term immunity.

(2) Economics: The research and development (R&D) of vaccines using biotechnologies is risky, 
costly, and time consuming. Most pharmaceutical firms and vaccine manufacturers have 
little incentive to develop vaccines based on biotechnologies because of limited revenue.

3. Products

Many products based on biotechnologies have been successfully marketing in many countries 
for years (Table 1).

3.1. Hepatitis B virus (HBV) vaccine: Recombivax HB®, Engerix‐B®, Elovac B®, 
Genevac B®, and Shanvac B®

The vaccine is designed to prevent hepatitis B and currently produced with recombinant DNA 
techniques. It contains one of the viral envelope proteins‐hepatitis B surface antigens (HBsAg) 
and produced in yeast cells, into which the genetic code for HBsAg has been inserted. The 

Product Recombivax HB®, 
Engerix B®, Elovac 
B®, Genevac B® 
Shanvac B®

Rotarix® 
RotaTeq®

Gardasil® 
Cervarix®

Dengvaxia® Bexsero® Trumenba®

Preventive 
infection

HBV Rotavirus HPV Dengue virus Neisseria meningitidis 
group B strain

Indication Hepatitis B Gastroenteritis Cervical cancer Dengue Meningitis

Vaccine type Subunit vaccine Live attenuated 
vaccine

Subunit vaccine Live attenuated 
vaccine

Subunit vaccine

Administration IM Oral IM IM IM

Human papilloma virus (HPV); hepatitis B virus (HBV); and intramuscular injection (IM).

Table 1. Vaccine products based on biotechnologies (recombinant DNA technology).
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vaccines are safer than conventional vaccines and can be given to people with weakened 
immune systems.

(2) Induction of more efficient immunity: Recombinant vaccines potentially induce both hu‐
moral and cellular immune responses to result in more effective vaccination.
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given to induce additional “booster” shots for proper long‐term immunity.
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3.1. Hepatitis B virus (HBV) vaccine: Recombivax HB®, Engerix‐B®, Elovac B®, 
Genevac B®, and Shanvac B®

The vaccine is designed to prevent hepatitis B and currently produced with recombinant DNA 
techniques. It contains one of the viral envelope proteins‐hepatitis B surface antigens (HBsAg) 
and produced in yeast cells, into which the genetic code for HBsAg has been inserted. The 

Product Recombivax HB®, 
Engerix B®, Elovac 
B®, Genevac B® 
Shanvac B®

Rotarix® 
RotaTeq®

Gardasil® 
Cervarix®

Dengvaxia® Bexsero® Trumenba®

Preventive 
infection

HBV Rotavirus HPV Dengue virus Neisseria meningitidis 
group B strain

Indication Hepatitis B Gastroenteritis Cervical cancer Dengue Meningitis

Vaccine type Subunit vaccine Live attenuated 
vaccine

Subunit vaccine Live attenuated 
vaccine

Subunit vaccine

Administration IM Oral IM IM IM

Human papilloma virus (HPV); hepatitis B virus (HBV); and intramuscular injection (IM).

Table 1. Vaccine products based on biotechnologies (recombinant DNA technology).
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antigen is harvested and purified from fermentation cultures of a recombinant strain of the 
yeast Saccharomyces cerevisiae containing the gene for the adw subtype of HBsAg [11, 12].

3.2. Rotavirus vaccine: Rotarix® and RotaTeq®

This vaccine is designed to protect against rotavirus infections that cause vomiting and severe 
diarrhea in infants and children. It contains live attenuated viruses and should not be given 
to people who are clinically immunosuppressed. Rotarix® is a monovalent and indicated for 
the prevention of rotavirus gastroenteritis caused by G1 and non‐G1 types (G3, G4, and G9). 
RotaTeq® is a pentavalent vaccine that contains five rotavirus strains produced by reassort‐
ment. Four reassortant rotaviruses express one of the outer capsid, VP7, proteins (serotypes 
G1, G2, G3, or G4) from the human rotavirus parent strain and the attachment protein VP4 
(type P7) from the bovine rotavirus parent strain [13, 14].

3.3. Human papilloma virus (HPV) vaccine: Gardasil® and Cervarix®

The vaccine is designed to prevent infection by certain types of HPV. HPV vaccines are sub‐
unit vaccines containing virus‐like particles (VLPs) assembled from the major capsid protein 
(L1 protein) of HPV type 6, 11, 16, and 18 (GardasilTM) and type 16 and 18 (CervarixTM). 
Available vaccines protect against two or four types of HPV; however, all vaccines protect 
against at least HPV 16 and 18 that cause the greatest risk of cervical cancer. The L1 proteins 
of these HPV types (16 and 18) are separately produced using a recombinant baculovirus 
expression system and the insect cell line [15, 16].

3.4. Dengue vaccine: Dengvaxia® (CYD‐TDV)

The vaccine is designed to induce an immune system to produce antibodies against four sero‐
types of dengue (DENV‐1, 2, 3, and 4) and a live attenuated tetravalent chimeric vaccine using 
recombinant DNA technology by replacing the pre‐membrane (PrM) and envelope (E) struc‐
tural genes of the yellow fever live attenuated vaccine. For the vaccine, the virus is geneti‐
cally engineered to include genes encoding for dengue proteins. Its production is based on a 
weakened combination of the yellow fever virus and each of the four virus serotypes [17–19].

3.5. Men B (Neisseria meningitidis group B strain) vaccine: Bexsero® and Trumenba®

The vaccine is indicated for active immunization to prevent invasive disease caused by 
Neisseria meningitidis serogroup B. The vaccine is manufactured using recombinant DNA 
technology (rDNA, component, adsorbed) and includes four antigenic proteins: Neisseria 
heparin binding antigen (NHBA), Neisserial adhesion A (NadA), Factor H binding protein 
(fHbp) and PorA to protect against the majority of circulating MenB strains [20].

4. Perspectives

In this section, we describe some trends for the development of vaccines using  biotechnologies 
(Figure 1).
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4.1. Enlargement of protective groups

Most vaccines were focusing on infants and children, but adolescents and adults are grad‐
ually being targeted. During the course of their lives, adolescents and adults may need 
vaccination when they are hurt, sick, and pregnant or take a tour to some disease‐endemic 
area. In addition, hospital patients, pregnant women, volunteer workers, individual 
with noninfectious diseases, and individual with chronic infections may need to prevent 
 diseases necessarily than healthy persons; therefore, they will be the new target group for 
vaccination.

Figure 1. The perspectives of vaccine products based on biotechnologies.
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4.2. Development of combination vaccines

Combination vaccines include two or more vaccines that could be given individually or by 
combining them together into one shot. People get the same protection with fewer shots, 
compared with individual vaccines given separately. Fewer shots means less pain and stress 
for the people, especially for infants and children. For example, infants and children may only 
get one shot to protect him from three or even five diseases, instead of three or five individ‐
ual shots. Diphtheria, tetanus, and pertussis (DTP) vaccine and measles, mumps and rubella 
(MMR) vaccine are two successful combination vaccines [21]. Also, combining vaccines make 
more infants and children get recommended vaccinations on schedule. Because scientists are 
developing more combination vaccines against more diseases, combination vaccines may 
become more common in the near future.

4.3. Development of multiple administration routes

Most of the vaccines are given by injection such as intramuscular (IM), subcutaneous (SC), and 
intradermal (ID) injection. Additionally, mouths and nostrils are two successful alternative 
routes for administration. For example, Sabin vaccine (OPV) and FluMist® are given by oral 
administration and intranasal spray, respectively. These two methods are more effective, inex‐
pensive, painless, and convenient than injection. Microparticles introduced by biotechnologies 
have made it possible to have an inactive Vibrio cholera whole‐cell vaccine that changes its admin‐
istration route from injection to oral administration in mice [22]. Furthermore, more methods of 
administering vaccines through biotechnologies are being developed including patches, aerosol 
inhalation, microneedles, and even eating of genetically modified organisms (GMO).

4.4. Development of synthetic vaccines

Synthetic vaccines are composed mainly of synthetic peptides, polysaccharides, or antigens. 
They are usually considered to be safer than vaccines from bacterial cultures, because they 
are developed by reconstructing the outside structure of a microbe, which helps to prevent 
vaccine resistance. Diphtheria toxoid is the first synthetic vaccine which was created in 1982. 
Creating vaccines synthetically can expedite a specific vaccine production [23]. This is particu‐
larly important in the outbreak of a pandemic disease.

4.5. Development of vaccines for both innate and adaptive immunity

Conventional vaccines only induce adaptive immunity, but vaccines are being designed to 
stimulate both innate and adaptive immune responses. This can be accomplished by the addi‐
tion of an appropriate adjuvant such as CpG oligonucleotides [24].

4.6. Development of vaccines for preventing noninfectious diseases

Conventional vaccines are only used to prevent infectious diseases in which active immuni‐
zation is largely confined to infectious diseases. However, vaccines are being developed to 
prevent many noninfectious human diseases such as cancer, type I diabetes mellitus (T1DM), 
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Alzheimer disease and drug addiction, etc. Mostly efforts are being directed against cancers. 
It has been very successful in reducing the incidence of hepatoma and cervical cancer using 
of HBV and HPV vaccines for preventing virus infection. Several types of preventive can‐
cer vaccines are being tried such as antigen vaccines, tumor cell vaccines, dendritic vaccines, 
DNA vaccines, and viral vector vaccines [25]. Tolerization to autoantigens is being attempted 
in T1DM; the administration of diabetes‐specific autoantigens can elicit tolerance, which can 
prevent the destruction of β‐cells [26]. Alzheimer disease may be controlled by immunization 
against amyloid [27]. It is known that drug addictions (e.g. cocaine) may be controllable by 
inducing antibodies that rapidly remove the drugs from the body [28]. Recent studies further 
reveal that the activation of Toll‐like receptor 9 (TLR9) can improve the function of cocaine 
vaccines in the presence of TLR5 activation [29].

4.7. Development of vaccines for therapy

Vaccines are conventionally prophylactic, but vaccines are being developed to treat chronic 
virus infection and cancer.

(1) Chronic virus infection: The induction of cellular immune response can suppress chronic 
virus infections such as HBV, hepatitis C virus (HCV), human immunodeficiency virus 
(HIV), and HPV [30].

(2) Cancer: Some cancers are difficult to treat by conventional methods such as surgery, radi‐
ation, chemotherapy, and target therapy, but can be controlled by the immune responses 
triggered by cancer vaccines. However, the development of these therapeutic vaccines 
is extremely challenging. Fortunately, expanded studies and knowledge regarding the 
mechanisms how cancer cells escape the immune system may develop new means in 
modulating the immune responses to cancer; thus, potentially enhancing the effective‐
ness of therapeutic cancer vaccines.

4.8. Development of vaccines for bioterrorism

Bioterrorist attack is unpleasant and rare, but it may happen unexpectedly and often leads to 
serious events. It is needed to develop vaccines to defend against bioterrorism agents such as 
anthrax, plague, smallpox, and even severe acute respiratory syndromes (SARS). Such vac‐
cines must provide protection against pathogens that might enter the body by a variety of 
routes including the oral and respiratory tract. They should be given by noninvasive routes 
and able to induce protective immunity rapidly. The design of improved vaccines is likely to 
rely on the genome information of bioterrorism agents that have either completed or have 
almost completed sequencing [31].

5. Discussion

The development of powerful biotechnological tools applied to genome‐based approaches 
has virtually revolutionized vaccine development. The information of genome provides a list 
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of all the potential proteins from which it is possible for scientists to select some antigens or 
antigenic materials that are likely to be more effective vaccines [25]. Even if biotechnologies 
render many benefits for vaccine development, they are not always advantageous. The dis‐
advantages include limited immunization to antigens, risk of affecting genes controlling cell 
growth, possibility of inducing antibody production against DNA, possibility of tolerance to 
the antigen produced, and potential for atypical processing of microbial proteins. In addition, 
it is a critical issue to formulate and deliver these vaccines appropriately to improve vaccine 
quality and expand their clinical application.

Vaccines dramatically reduce the incidence of serious infectious diseases and allow life expec‐
tancy of people to gradually increase. The persistent outbreak of many infectious diseases 
has decreased through vaccination; however, the burden of noninfectious diseases such as 
cancers, cardiovascular diseases, and diabetes mellitus has increased. This transformation of 
disease burden has indicated that the need for vaccines to treat or prevent noninfectious dis‐
eases is urgent. Both infectious and noninfectious diseases are now within the realm of vaccin‐
ology through the development of biotechnologies. Noninfectious disease vaccines also can 
be made by biotechnologies, but their target is human normal cells or abnormal cells, rather 
than pathogens or pathogen‐infected cells. These vaccines present an interesting challenge for 
approving and evaluating under the same framework as traditional vaccines or that of other 
biologics, though they work by modulating the human immune system as traditional vac‐
cines. Noninfectious disease vaccines have raised the question of whether the term “vaccine” 
is appropriate and some regulatory implications for this new category of drugs.

Despite vaccine development is rapid and clinical application is significantly expanded by 
biotechnologies, some infections, including HIV, HCV, SARS, MERS, Ebola virus, cytomeg‐
alovirus, and Zika virus, are under research and there are no effective vaccines available 
yet. Many vaccine candidates for these infections had been developed, but none had been 
approved for use in humans. The major difficulty for their clinical application is the lack of 
human clinical trials, the data insufficiency of for vaccine effectiveness, and the concern of 
vaccine safety. More funding, time, and research are needed for developing vaccines against 
recent emerging diseases such as MERS, Ebola virus, Zika virus infections, etc.

The perspectives for controlling diseases by vaccination are very promising along with the 
advancement of biotechnologies, but several problems are still hard to solve. First, vaccine 
supply is not sufficient even in the highly‐developed countries, shortage of vaccines may occur 
due to regulatory pressures on production and the lack of qualified manufacturers. In the case 
of emergency, such as an influenza pandemic, it is difficult to estimate the demand of vaccine 
to satisfy the developing countries. Second, new vaccine discovery is very expensive and most 
of the manufacturers which do R&D have to pay the cost, but its revenue is limited. Some 
manufacturers may change their focusing products from vaccines to other medicinal products 
such as cell therapy products, gene therapy products, nanomedicines, and other products. 
Third, the requirement for vaccine safety is increasing, the evaluation of risk and benefit ratios 
become very crucial for the implementation of a vaccination program. But zero risk is almost 
impossible. It is quite difficult and controversial to obtain a balance between the need of public 
health and the regulatory impulse which guard against rare and theoretical risks.
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6. Conclusion

Vaccination is the best approach to prevent infectious diseases. Vaccination is able to 
reduce the rates of mortality and morbidity from infection and results in herd immunity 
when some population has been vaccinated in some areas. Through vaccines distribu‐
tion, some diseases are globally eradicated such as smallpox; some diseases are signifi‐
cantly controlled in much of the world such as polio, measles, and tetanus. However, there 
are many diseases uncontrolled yet by vaccination, and new diseases certainly appear 
through evolution, mutation, gene recombination, interspecies transfer, and environmen‐
tal changes. Fortunately, we have many technologies to produce more novel vaccines to 
protect us. The previous studies have allowed us to understand the microbial pathogenesis 
and host immune responses which are correlated to the control of diseases by vaccination. 
Biotechnologies make it possible to further improve the quality of vaccines and expand 
the clinical application of vaccines significantly. More and more novel vaccine products 
based on biotechnologies are approved in the market around the world. Despite the great 
advances in biotechnologies, the perfect vaccine has not yet been developed. This vaccine 
would be temperature insensitive, multivalent and induce specific immunity against the 
protective antigens, would prevent and treat both diseases and possibly infections, would 
have long‐term immunity without booster doses, free of adverse reactions, and adminis‐
tered without needles and the help of trained health workers. It is expectable to have such 
effective, cheap, and convenient vaccines for disease prevention and therapy provided that 
we endeavor to overcome the challenges in the production, distribution, and regulation of 
vaccines through biotechnologies.
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based on biotechnologies are approved in the market around the world. Despite the great 
advances in biotechnologies, the perfect vaccine has not yet been developed. This vaccine 
would be temperature insensitive, multivalent and induce specific immunity against the 
protective antigens, would prevent and treat both diseases and possibly infections, would 
have long‐term immunity without booster doses, free of adverse reactions, and adminis‐
tered without needles and the help of trained health workers. It is expectable to have such 
effective, cheap, and convenient vaccines for disease prevention and therapy provided that 
we endeavor to overcome the challenges in the production, distribution, and regulation of 
vaccines through biotechnologies.
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Abstract

Vaccines have not yet been able to address the combination of three major obstacles: 
molecular coupling failure between peptide and human leukocyte antigen protein 
(HLA‐II) molecule, failure to activate T‐cells, and the molecular polymorphism dis‐
played by all pathogens. Planar electromagnetic fields found in protein systems may 
play a role in all three problems. These amino acid planes are universal, selective in 
nature, and able to generate long distance attraction toward their corresponding ligand. 
We propose three molecular mechanisms through which to engineer molecular pattern 
interaction toward the intelligent design of more effective vaccines.

Keywords: vaccine design, PECC, HLA‐II binding affinity, T‐cell activation, molecular 
polymorphism

1. Introduction

Many different technologies have been developed to design different types of vaccines—
biological, synthetic, genetically engineered, naked DNA and vector—and in spite of these 
efforts, major problems remain to be solved, preventing effective vaccines being obtained for 
pathogens such as HIV and malaria.

Three obstacles for current vaccines relate to the difficulty in coupling class II human leuko‐
cyte antigen proteins (HLA‐II), in activating T‐helper cells, and the molecular polymorphism 
of the pathogens.

Our search for solutions to these obstacles led to a series of significant findings, fundamen‐
tal to biochemistry, and relating to: the discovery of the mechanism of molecular coupling 
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between peptides and HLA‐II molecules; identification of the mechanism for the activation 
of T‐cell receptor molecules; a solution to molecular polymorphism in pathogens.

2. Molecular coupling between peptides and HLA‐II molecules

In the activation of immune responses, HLA‐II molecules are responsible for presenting pep‐
tide antigens to T‐helper cells [1, 2] to activate the cascade that accompanies this response. The 
coupling of HLA‐II molecules with peptide antigens is therefore critical for vaccine design [3, 
4] because it is necessary to induce immune memory.

All the subtypes of HLA‐II molecules (DR, DP and DQ) are highly polymorphic [1, 5]. The 
high polymorphism of these molecules represents one of the greatest difficulties in vaccine 
development [2–4], as HLA‐II/peptide coupling is restricted by this polymorphism.

2.1. Planar electromagnetic fields in HLA‐II molecules may explain coupling with  
foreign peptides

Following a review of HLA‐II molecules from the National Center for Biotechnology 
Information (NCBI) database, the constant positions of fully conserved residues in HLA‐II α 
and β chains were identified. The positions are recorded in Table 1.

These positions were then located within a three‐dimensional protein crystallography struc‐
ture provided by the protein data bank (PDB) and examined using bioinformatic tools, where‐
upon geometric patterns emerged.

Fully 
conserved 
residues

Residues in the HLA‐II molecules, in the α and β chains Aromatic 
residue in the 
plane (3O6F)

DP (3LQZ)a DQ (1UVQ) DR (1DLH)

α β α β α β

Cys (C) 107 15, 115, 171 110 15, 117, 173 107 117, 173 Phe ‐ 151

Gly (G) 100, 131 149, 166 103, 134 151, 168 131 151, 168 Tyr ‐ 150

Leu (L) 105, 151 113, 159 108, 154 115, 161 105, 151 115, 161 Phe ‐ 184

Asn (N) 103 31, 60, 132, 
148

106 33, 62, 134, 
150

103 134, 150 Phe ‐ 151

Pro (P) 102, 114, 
115, 155

95, 122, 163 105, 117, 
118, 158

97, 124, 165 102, 114, 
115, 155

97, 124, 165 Phe ‐ 137

Thr (T) ‐ 152, 170 ‐ 154, 172 ‐ 154, 172 Phe ‐ 184

Val (V) 91 97, 117, 173 94 99, 119, 175 91, 128 99, 119, 175 Phe ‐ 151

Trp (W) 121 129, 151, 186 124 131, 153, 188 121 131, 153, 188 Trp ‐ 182

Tyr (Y) 150 121, 169 153 123, 171 150 123, 171 Tyr ‐ 152

Note: aPDB ID are shown in parenthesis.

Table 1. Fully conserved residues of HLA‐II in sequences and structures.

Vaccines114

These molecular patterns were found in all three types of HLA‐II (DR, DP and DQ). They 
comprise fully conserved amino acid residues arranged in a planar configuration. Figure 1 
illustrates the spatial arrangements for the amino acid residues Gly (Figure 1a and b) and Trp 
(Figure 1c and d).

The patterns were found to feature the conditions required to generate planar electromagnetic 
fields. These fields are known as planar electromagnetic fields of Cortés‐Coral (PECC). PECC 
fields are produced by groups of invariant and fully conserved amino acids from a single 
chemical species (this conservation is simultaneous both in sequence and in space). There will 
thus, for example, be glycine planes (PECC‐Gly), proline planes (PECC‐Pro), leucine planes 
(PECC‐Leu), etc. Importantly, each PECC field is generated in a single direction.

The question may arise as to how the electromagnetic field is generated. Essential to the 
explanation is the fact that each plane was found to possess an aromatic amino acid (e.g., 
Phe, Tyr, Trp) always located in a well‐defined position within that plane. An aromatic 
amino acid has electric charges in motion (electrons). These electrons generate the electro‐
magnetic signals that are able to act over long molecular distances, i.e., at long range. The 
HLA‐II/peptide coupling mechanism has not been able to be explained satisfactorily by the 
already known intermolecular forces (Van der Waals, hydrogen bonding and ionic forces) 
because they act only at short range; in the case of ionic forces [6], for example, the range of 

Figure 1. Spatial positions of fully conserved glycine and tryptophan residues in HLA‐II DR (Images taken from Jmol 
12.0, reproduced with permission of IVSI).

The Use of Planar Electromagnetic Fields in Effective Vaccine Design
http://dx.doi.org/10.5772/intechopen.69546

115
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Val (V) 91 97, 117, 173 94 99, 119, 175 91, 128 99, 119, 175 Phe ‐ 151

Trp (W) 121 129, 151, 186 124 131, 153, 188 121 131, 153, 188 Trp ‐ 182

Tyr (Y) 150 121, 169 153 123, 171 150 123, 171 Tyr ‐ 152

Note: aPDB ID are shown in parenthesis.

Table 1. Fully conserved residues of HLA‐II in sequences and structures.
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These molecular patterns were found in all three types of HLA‐II (DR, DP and DQ). They 
comprise fully conserved amino acid residues arranged in a planar configuration. Figure 1 
illustrates the spatial arrangements for the amino acid residues Gly (Figure 1a and b) and Trp 
(Figure 1c and d).

The patterns were found to feature the conditions required to generate planar electromagnetic 
fields. These fields are known as planar electromagnetic fields of Cortés‐Coral (PECC). PECC 
fields are produced by groups of invariant and fully conserved amino acids from a single 
chemical species (this conservation is simultaneous both in sequence and in space). There will 
thus, for example, be glycine planes (PECC‐Gly), proline planes (PECC‐Pro), leucine planes 
(PECC‐Leu), etc. Importantly, each PECC field is generated in a single direction.

The question may arise as to how the electromagnetic field is generated. Essential to the 
explanation is the fact that each plane was found to possess an aromatic amino acid (e.g., 
Phe, Tyr, Trp) always located in a well‐defined position within that plane. An aromatic 
amino acid has electric charges in motion (electrons). These electrons generate the electro‐
magnetic signals that are able to act over long molecular distances, i.e., at long range. The 
HLA‐II/peptide coupling mechanism has not been able to be explained satisfactorily by the 
already known intermolecular forces (Van der Waals, hydrogen bonding and ionic forces) 
because they act only at short range; in the case of ionic forces [6], for example, the range of 

Figure 1. Spatial positions of fully conserved glycine and tryptophan residues in HLA‐II DR (Images taken from Jmol 
12.0, reproduced with permission of IVSI).
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action is only about 2 nm [7]. It follows, therefore, that no classical concept is able to explain 
the long‐range molecular interactions that occur between protein molecules. Further, in 
three‐dimensional analysis of proteins and their ligands, it can be seen that the couplings do 
not have a well‐defined or selective spatial and electrostatic complementarity, as proposed 
by the “key‐lock” model [8, 9]. There is evidence, meanwhile, that biological processes can 
be induced or modulated by electromagnetic fields of characteristic frequencies, as with light 
in photosynthetic systems [10] or with the increase in the catalytic activity of some enzymes 
on being irradiated with electromagnetic fields [11, 12]. Research carried out by the School 
of Electrical and Computer Engineering of the RMIT University in Melbourne (Australia) 
shows that proteins emit and absorb electromagnetic radiation of very precise frequencies, 
different for each protein [8].

PECC fields, as we have seen by their planar nature, act in a single and specific direction. They 
are also able to act over long distances. They are therefore capable of explaining the following 
phenomena intrinsic to receptor‐ligand coupling:

• the directional nature of the attraction/coupling;

• the selectivity required to target the correct ligand;

• the extremely short time period to encounter the ligand;

• and the long distance across which the attraction must take place.

In this context, given the three‐dimensional arrangement of each PECC based on the positions 
of its component residues in the protein structure, each PECC field of HLA‐II was projected in 
the direction of its plane toward the HLA‐II groove pockets. Specific positions on the groove 
were thus associated with the PECC projections.

When a foreign peptide is in the coupled position, each of the positions identified is found to 
contain a residue of exactly the same species as the PECC projected there; where a PECC‐Gly 
is projected onto the groove, a glycine residue is encountered in the coupled foreign peptide. 
Similarly, for a PECC‐Leu projection, a leucine residue is found at that position. The PECC 
projections were thus able to predict residues and their positions in the groove.

The universal Class II‐associated invariant chain peptide (CLIP), known for its binding affin‐
ity, was further found to have five PECC projection matches. When CLIP was modified so that 
it contained an additional PECC projection, its binding affinity was enhanced, suggesting that 
PECC fields favor the attraction of their respective residue in a peptide [13, 14].

Using PECC projections toward the groove of HLA‐II molecules, a universal coupling 
sequence was found to be present in all HLA‐II types. This is presented in Table 2. Note that 
more than one PECC may be projected toward some positions, as shown for position 1, where 
PECC‐Trp, PECC‐Tyr and PECC‐Val are present.

Considering this finding further, a pattern of universal coupling was identified in all types 
and subtypes of histocompatibility molecule, thus permitting the design of peptide‐vaccines 
with a capacity to couple with any polymorphic form presented by HLA‐II molecules [13]. 
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The application of this new finding made it possible to design peptides with better peptide/
HLA‐II coupling values than those generated by the universal coupling peptide CLIP [13, 14].

Selection and attraction between HLA‐II molecules and antigen peptides in this way would 
therefore be nonrandom, resulting in an effective and rapid coupling mechanism, as is clearly 
required in the immune response. Thus, PECC fields project outwardly from the HLA‐II mol‐
ecule in order to select, attract, and couple specific peptide sequences (Figure 2).

Application of the principles of this selective and attractive force could permit the design in 
future of vaccine‐peptides with a universal high binding affinity to HLA‐II molecules. The find‐
ings would further allow new avenues to be explored involving other protein systems, including 
HLA‐I and T‐cell receptors (TCRs), necessary for understanding mechanisms of immune activa‐
tion, as well as opening up possibilities for the wider study of protein receptor‐ligand systems.

3. Activation of T‐helper cells

T‐cell receptors (TCRs) are molecules found on the surface of T‐helper cells that are respon‐
sible for recognizing antigens bound to HLA‐II molecules. This coupling is very important 
for immune memory, whenever activation of the TCRs occurs. TCR activation is provoked 

PECC position in groove of HLA‐II

−1 1 2 3 4 5 6 7 8 9 10 11

L W P P W W P L L N P P

V Y C T G P N

V G P

Table 2. PECC fields projected toward different positions of the HLA‐II anchoring groove.

Figure 2. PECC‐Gly selective, attractive force, exerted toward Gly residue in peptide (Images taken from Jmol 12.0, 
reproduced with permission of IVSI).
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The universal Class II‐associated invariant chain peptide (CLIP), known for its binding affin‐
ity, was further found to have five PECC projection matches. When CLIP was modified so that 
it contained an additional PECC projection, its binding affinity was enhanced, suggesting that 
PECC fields favor the attraction of their respective residue in a peptide [13, 14].

Using PECC projections toward the groove of HLA‐II molecules, a universal coupling 
sequence was found to be present in all HLA‐II types. This is presented in Table 2. Note that 
more than one PECC may be projected toward some positions, as shown for position 1, where 
PECC‐Trp, PECC‐Tyr and PECC‐Val are present.

Considering this finding further, a pattern of universal coupling was identified in all types 
and subtypes of histocompatibility molecule, thus permitting the design of peptide‐vaccines 
with a capacity to couple with any polymorphic form presented by HLA‐II molecules [13]. 
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The application of this new finding made it possible to design peptides with better peptide/
HLA‐II coupling values than those generated by the universal coupling peptide CLIP [13, 14].

Selection and attraction between HLA‐II molecules and antigen peptides in this way would 
therefore be nonrandom, resulting in an effective and rapid coupling mechanism, as is clearly 
required in the immune response. Thus, PECC fields project outwardly from the HLA‐II mol‐
ecule in order to select, attract, and couple specific peptide sequences (Figure 2).

Application of the principles of this selective and attractive force could permit the design in 
future of vaccine‐peptides with a universal high binding affinity to HLA‐II molecules. The find‐
ings would further allow new avenues to be explored involving other protein systems, including 
HLA‐I and T‐cell receptors (TCRs), necessary for understanding mechanisms of immune activa‐
tion, as well as opening up possibilities for the wider study of protein receptor‐ligand systems.

3. Activation of T‐helper cells

T‐cell receptors (TCRs) are molecules found on the surface of T‐helper cells that are respon‐
sible for recognizing antigens bound to HLA‐II molecules. This coupling is very important 
for immune memory, whenever activation of the TCRs occurs. TCR activation is provoked 
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on recognition of certain foreign antigens (T‐epitopes) and is crucial to the functioning of 
vaccines [15, 16]. Thus, all vaccines require T‐epitopes in their protein composition, acting as 
TCR activators. However, the mechanisms known to induce activation are not clearly under‐
stood [17]. Greater comprehension in this regard could enable the design of vaccine‐peptides 
capable of inducing immunological memory in B and T cell lines.

A number of authors refer to the TCR as a “mechanosensor” that converts mechanical energy 
into biochemical signals on coupling with the antigen, whereupon transduction of the signal 
is induced [18, 19]. However, this mechanistic explanation is not sufficient to understand the 
internalization of the message induced by the ligand, since a mechanism of this type requires 
too much energy to induce a signal that travels all the way from the point of coupling with the 
ligand to the intracellular domain. This is because a mechanical signal induces multiple aim‐
less movements, raising the entropy of the system, and dispersing the energy [20]. Moreover, 
such an activation mechanism would not be sufficiently specific and would lack the selectiv‐
ity necessary to differentiate between the body’s own antigens and foreign ones.

Researchers at the IVSI institute put forward an explanation for understanding the molecu‐
lar mechanisms of activation and transduction in the TCRs, based on the concept of PECC. 
The fully conserved residues found in the TCR molecules are shown in Table 3. These resi‐
dues form a PECC system responsible for transmitting the signal of the antigen from its point 
of contact to the interior of the cell. This type of field was termed PECC‐ionic, or PECC‐i [21]. 
Only the alpha (α) chain of the TCR showed fully conserved residues that form part of the 
PECC‐i. No such residues were evident in the beta (β) chain.

From physical analysis of a PECC‐i, it may be inferred that all of its residues are mutually 
interlinked by a single electromagnetic field. This field would ensure that the residues behave 
in a synchronized manner. As a result, the action applied at one point (amino acid) of the 
PECC‐i is replicated at all the other points, enabling signals to be sent from the point of con‐
tact with the ligand to the intracellular domain of the receptor [21], as shown in Figure 3. In 
Figure 3a–c, all the highly conserved residues of the free TCRs are seen to be in a dissociated 
state, while in Figure 3d, in which the molecule is coupled with the peptide, these same resi‐
dues are paired. This shows that the coupling of opposite charges between the TCR and the 
peptide induces the additional formation of new pairings inside the planar system. The mech‐
anism proposed by the authors to explain the molecular transduction of signals was named 
“molecular transduction by PECC‐ionic” (TM‐PECC–i, from the Spanish acronym) [21].

PDB 1FYT 4GKZ 3QEU 3QH3

Residues of human 
TCRsa

D135 D133 D128 D129

K136 K134 K129 K130

K184 K182 K177 K178

D 186 D184 D179 D180

Note:a Residues in the α–chain of the TCR molecule.

Table 3. Fully conserved residues in human TCR molecules that form PECC planes. Such residues occupy equivalent 
spatial positions in all TCRs.
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4. Molecular polymorphism of pathogens

Molecular polymorphism is a mechanism that pathogenic agents employ to evade host 
immune responses. None of the current vaccines has managed to overcome this problem, 
which is why vaccination booster doses require to be applied anew each year, as in the case 
of influenza. The HIV virus and the malarial parasite are highly polymorphic pathogens that 
change their molecular sequences every time they replicate.

The IVSI Institute was the first research group in the world to find a solution to the molecu‐
lar polymorphism of pathogens. The authors found that the molecular polymorphism of a 
pathogen is not random but rather ruled by an underlying order that allows the protein to 
retain its functionality while evading repeated attack by the immune system. By re‐examining 
the molecular cell‐pathogen coupling receptors in the new light of PECC fields, a solution to 
molecular polymorphism in pathogens was found.

The method developed by our researchers to solve the problem of the polymorphism of the virus 
is analogous to what happens with the bedroom door‐key system in a 200‐room hotel: each guest 
will have a key to open his/her own room, so that 200 keys will be needed to open all of the rooms. 
The concierge, however, is not required to carry around 200 keys. He will have a single key, or 
master key, to be able to open every door. Likewise, our methodology enabled us to identify the 
the master key used by the virus in order to couple always with the same receptor, despite its high 

Figure 3. TCR molecules in free states (a–c) and coupled (d), showing positive and negative electrical residues as stylized 
spheres. The highly conserved residues are highlighted in the boxes below each figure. (Image records taken from Jmol, 
reproduced with permission of IVSI) [21].
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ity necessary to differentiate between the body’s own antigens and foreign ones.
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lar mechanisms of activation and transduction in the TCRs, based on the concept of PECC. 
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Only the alpha (α) chain of the TCR showed fully conserved residues that form part of the 
PECC‐i. No such residues were evident in the beta (β) chain.

From physical analysis of a PECC‐i, it may be inferred that all of its residues are mutually 
interlinked by a single electromagnetic field. This field would ensure that the residues behave 
in a synchronized manner. As a result, the action applied at one point (amino acid) of the 
PECC‐i is replicated at all the other points, enabling signals to be sent from the point of con‐
tact with the ligand to the intracellular domain of the receptor [21], as shown in Figure 3. In 
Figure 3a–c, all the highly conserved residues of the free TCRs are seen to be in a dissociated 
state, while in Figure 3d, in which the molecule is coupled with the peptide, these same resi‐
dues are paired. This shows that the coupling of opposite charges between the TCR and the 
peptide induces the additional formation of new pairings inside the planar system. The mech‐
anism proposed by the authors to explain the molecular transduction of signals was named 
“molecular transduction by PECC‐ionic” (TM‐PECC–i, from the Spanish acronym) [21].
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molecular polymorphism, using solid state physics tools. Using these tools together with the PECC 
system raises the possibility of designing effective vaccines against the polymorphic pathogen.

5. Conclusions

A novel methodology is proposed by the authors for the design of effective vaccines, based 
on planar molecular patterns found in proteins. These patterns were discovered in fully con‐
served residues of HLA‐II and TCR molecules. According to the authors, these patterns gen‐
erate planar electromagnetic fields, given the name PECC fields. These direct the coupling 
of peptides with HLA‐II molecules and the activation of the TCRs in T‐cells. The function of 
these PECC fields is to select and attract antigen‐peptides for subsequent coupling with HLA‐
II molecules. A further type of PECC, known as PECC‐ionic, is responsible for interiorizing 
the signal of TCR‐antigen coupling to activate the T‐helper cells. Moreover, the PECC concept 
enabled the authors to solve the problem of molecular polymorphism of pathogens, finding 
an underlying order in the apparent random chaos of polymorphism.
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1. Introduction

The success of vaccination is reflected in its worldwide impact by improving human and 
veterinary health and life expectancy. It has been asserted that vaccination, as well as clean 
water, has had such a major effect on mortality reduction and population growth [1, 2]. 
In addition to the invaluable role of traditional vaccines to prevent diseases, the society 
has observed remarkable scientific and technological progress since the last century in the 
improvement of these vaccines and the generation of new ones. This has been possible by 
the fusion of computational technologies with the application of recombinant DNA tech‐
nology, the fast growth of biological and genomic information in database banks, and the 
possibility of accelerated and massive sequencing of complete genomes [3–5]. This has aided 
in expanding the concept and application of vaccines beyond their traditional immunopro‐
phylactic function of preventing infectious diseases, and also serving as therapeutic prod‐
ucts capable of modifying the evolution of a disease and even cure it [3]. Vaccines are the 
pharmaceutical products that offer the best cost‐benefit ratio in the prevention or treatment 
of diseases. In that it is a pharmaceutical product, a vaccine development and production are 
costly and it takes years for this to be accomplished. Several approaches have been applied to 
reduce the times and costs of their development, mainly focusing on the selection of appro‐
priate antigens or antigenic structures, carriers, and adjuvants [6]. One of these approaches 
is the incorporation of bioinformatics methods and analyses into vaccine development. 
At present, there are many alternative strategies to design and develop effective and safe 
new‐generation vaccines, based on bioinformatics approaches through reverse vaccinology, 
immunoinformatics, and structural vaccinology [7]. This chapter provides an overview of 
the application of bioinformatics strategies in vaccine design and development, supplying 
some successful examples of vaccines in which bioinformatics has furnished a cutting edge 
in their development.

2. Reverse vaccinology

Reverse vaccinology is a methodology that uses bioinformatics tools for the identification 
of structures from bacteria, virus, parasites, cancer cells, or allergens that could induce an 
immune response capable of protecting against a specific disease [7].

This approach possesses many advantages over traditional vaccinology: it reduces time and 
cost in vaccine development; refines the number of proteins to be studied, facilitating the 
selection process; can identify antigens present in small amounts or expressed only at certain 
stages, which would hinder or prevent their purification; and allows for the study of noncul‐
tivable or risky microorganisms [3]

An important requirement for utilizing this methodology is the availability of genomic informa‐
tion of the pathogen under study and, in some instances, even the human or animal cell genome 
must be known (i.e., DNA vaccines and therapeutic vaccines). Once the genome sequence is 
obtained, it is possible to identify all likely proteins that could be expressed. For this purpose, 
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several software systems and programs identify all open reading frames (ORFs) that constitute 
the sequences expressing the majority of proteins [8–10].

The next step in reverse vaccinology is to determine several antigenic and physicochemi‐
cal properties that have been associated with good antigens. These characteristics must be 
analyzed for each protein in the proteome under study, employing different bioinformatics 
approaches to select the protein(s) with the best properties for testing through in vitro and 
in vivo assays, in order to demonstrate its safety and immunogenicity. With the best vaccine 
candidates, different types of vaccines can be designed and developed, for example: subunit, 
recombinant, and nucleic acid vaccines [11].

The first application of reverse vaccinology was to study Neisseria meningitidis to obtain a 
new subunit vaccine based on the genome study of this microorganism by means of bioin‐
formatics tools [12]. Thereafter, this technology has been used to study pathogenic agents 
including eukaryotic organisms and those involved in diseases transmitted by vectors [13], 
to design and obtain not only vaccines for humans but also for animals [5]. The majority of 
new vaccines against infectious diseases that have been developed with this technology are 
currently found in preclinical or clinical trial. However, it is important to mention that in 
some instances, the vaccine candidate obtained by this technology could fail as a good vaccine 
antigen, because it is identified based solely on computational probabilistic studies, and there 
are other factors that could interfere when this antigen is administered in a complete organ‐
ism. In addition, vaccine candidates identified by this technology are restricted to proteins or 
lipoproteins, in that they are encoded in the genome. By reverse vaccinology, it is impossible 
to identify carbohydrate or lipid antigenic molecules [3, 14].

Some of the important properties to detect good vaccine candidates are described as follows:

2.1. Protein cellular localization

Proteins are localized in different parts of the cell: in the cytoplasm, the cell membrane, or 
they can be secreted out of the cell and become extracellular. Molecules localized on the cell 
membrane or extracellularly are better antigens because they are more exposed to host cells, 
specifically to those related to the immune system; thus, they have a greater probability of 
generating a protective response [15]. In addition to the software that can predict these char‐
acteristics, there are protein databases that generate information about protein subcellular 
localization, such as LOCATE, LocDB, and eSLDB.

2.2. Adhesin properties

In an infectious process, the first contact of the microorganism with the host cells is through 
adhesins. Molecules with adhesin properties are vaccine candidates [16]. The probability of 
identifying an adhesin is calculated based on the frequency of amino acids, dipeptides, or 
homopolymers present in the protein, and the physicochemical characteristics of each amino 
acid that constitutes a protein: acidic, basic, neutral, hydrophilic, or hydrophobic. There are 
programs that analyze all of these characteristics, comparing them with those of adhesins that 
have been previously proven experimentally [17].
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2.3. Antigenicity

There are known sequences of antigens with good in vivo and in vitro immunologic inductions 
that are compared with each sequence of the proteome under study in order to search for sim‐
ilarities. In this case, it is probable that two proteins with similar sequences have comparable 
antigenic effects. Moreover, predictions of independent antigenicity alignment exist based on 
the physicochemical properties of amino acids [18].

2.4. Similarity

It is important to study the similarity between the sequences under study with molecules 
from the host that will receive the vaccine, as well as between the related etiological agents. 
Molecules with a high degree of similarity could generate two different effects: the first is 
undesirable because the antigen could cause autoimmune reactions; on the other hand, if the 
molecules are similar between other etiological agents, the vaccine could induce cross‐protection 
[19]. In the case of a vaccine against cancer, it is important to select molecules present in can‐
cer cells but absent in healthy cells. The similarity analysis can also be utilized to search for 
molecules with the same function, providing an idea of antigenicity and virulence [20]. It is 
important to predict these values because the main characteristic of a vaccine must be innocu‐
ous; in this way, if it is inferred that a protein can be antigenic but also toxic, the better course 
is not to use it.

2.5. Transmembrane helix

A transmembrane helix is a protein segment of 17–25 amino acids that conforms an 
α‐helix structure that spans through the membrane cell. Most of the time, vaccine candi‐
dates are expressed in biological systems that are different from the original source; in 
that case, the three‐dimensional (3D) structure of the protein could be changed or difficult 
to purify if it has a transmembrane helix, due to differences in membrane structure [21]. 
The low transmembrane helix number is a major characteristic for the selection of a vac‐
cine candidate.

According to the etiology of the disease under study, protein cellular localization, adhesin 
properties, antigenicity, lack of homology with human proteins to avoid the induction of a 
potential autoimmune response, and low or null transmembrane helix structures are the main 
properties that should be identified. This can be addressed by utilizing several computer pro‐
grams to analyze each of these properties and by bioinformatics tools for the screening and 
selection of vaccine candidates, according to their top feature values.

There are Websites and downloadable software that can be useful for a particular reverse 
vaccinology analysis, for example, NERVE, Vaxign, Jenner‐predict server, and Vacceed. In 
some cases, the proteome‐of‐interest can be uploaded, and in others the organism in a spe‐
cific database needed to be chosen; for this analysis, some characteristics about the agent and 
the host are required. In addition, there are databases with vaccine candidates already iden‐
tified or with complete information about vaccines, for example VIOLIN and MycobacRV 
(Table 1).

Vaccines126

Characteristic Description Software

Protein cellular localization • Psortb

• CELLO

• TargetP

• Cell‐PLoc

• LocDB

• LocTree 2/3

• MultiLoc2

Adhesin properties • SPAAN

• FungalRV

• MAAP

Antigenicity • VaxiJen

• Protegen

• EpiToolKit

• SVMTriP

Similarity • BLAST

Transmembrane helix • TMHMM

• TMpred

• THGS

• Sidekick

• HMMTOP

• SPLIT

• DAS

• Phobius

• CCTOP

• TMPad

Table 1. Main characteristics considered for vaccine candidate selection by reverse vaccinology.
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3. Immunoinformatics

The immunological system can be classified as cellular or humoral and, depending on the 
disease, it can be induced the expected immune response. If a vaccine that induces a cellu‐
lar response is needed, for example a tuberculosis vaccine [22] or a parasite vaccine against 
leishmaniasis [23], the software must search for antigens that can be recognized by the major 
histocompatibility complex (MHC) molecules present in T lymphocytes [4]. Software for this 
purpose include TEpredict, CTLPred, nHLAPred, ProPred‐I, MAPPP, SVMHC, GPS‐MBA, 
PREDIVAC, NetMHC, NetCTL, MHC2 Pred, IEDB, BIMAS, SVMHC, POPI, Epitopemap, 
iVAX, FRED2, Rankpep, BIMAS, PickPocket, KISS, and MHC2MIL. At their Websites, there 
are several options for search for MHC molecules as follows: for a specific species; type I 
or II, or even the allele(s) that will be employed for the prediction. The latter use different 
algorithms and some of these analyze the genome of the organism‐under‐study in order to 
identify new, probable MHC molecules.

On the other hand, if a humoral response is required, the software needs to identify antigens 
for B cells, for example, in the case of influenza virus or HIV [24, 25]. There is software that 
specifically searches for sequential epitopes for B cells, including BCPREDS, BepiPred, BEpro 
or PEPITO, ABCpred, Bcepred, IgPred, and BCEP. In addition, there are also Websites that, 
utilizing the 3D structure of a protein, can predict conformational epitopes for B cells, includ‐
ing the CEP, SEPPA, and DiscoTope Websites.

These software packages are based on computer training with the epitopes and nonepitopes 
previously identified, in order to provide values for new proteins and to predict whether or 
not it is an epitope. There are different techniques for this machine learning: position‐specific 
scoring matrices (PSSMs), support vector machines (SVMs), hidden Markov models (HMMs), 
or artificial neural networks (ANNs). Each technique possesses different advantages and 
accuracy levels [26].

To achieve an analysis, the “immunome” of an organism is required; this includes all of the 
genes and proteins of cells that take part in its immune response. The study of all of the reac‐
tions that take part in the immune response is known as “immunomics” and it is specific 
for each organism; therefore, it is important to perform the study with information of the 
recipient organism. There have been many advances in the knowledge of immunomics using 
molecular biology and other throughput techniques, in order to understand the mechanisms 
of the immune system [27].

When immunomics and bioinformatics merged, a new science‐denominated immunoinfor‐
matics was created, with the purpose of analyzing all of the information of an organism’s 
immunomics and of making predictions of immune responses against specific molecules [28]. 
Websites already exist that present databases with antigens, with their epitopes identified 
in several organisms, and other immunological information, for example, IEDB, SIFPEITHI, 
IMGT, MHCBN, AntiJen, Dana‐Farber Repository, and AgAbDb.

Once an antigen with the expected response has been identified, immunoinformatics can pre‐
dict whether a region of an antigen, which usually is a protein, can generate a best stimulus 
by itself. If a protein has one epitope, this can be employed in a subunit vaccine and can be 
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combined with other epitopes of different organisms in order to generate a polyvalent vaccine, 
reducing the cost of the formulation. The epitopes can be synthesized artificially or obtained 
with molecular biology tools. This renders a vaccine safer, not only in its formulation but also 
in its production process, because there is no risk of the presence of infectious organisms [29].

With the purpose of determining epitopes, the proteins are analyzed to identify hydrophilic 
regions. The tertiary structure of a protein is based on the interactions between the amino 
acids and the medium, that is, the region with hydrophilic amino acids is exposed to the 
exterior. In the opposite case, the hydrophobic amino acids are located in the center of the 
structure. If this protein interacts with immune cells, it is more probable that contact will be 
generated with the hydrophilic region, a place localized in the epitope [28].

An additional step can be added, that is the prediction of the stability of peptide binding to 
MHC, because some epitopes can be attached with greater force and affinity, making activa‐
tion of the immune system more probable. For this purpose, software has been created such 
as NetMHCStab, which utilizes artificial networks for the analysis [30].

In the case of cancer vaccines, antigens present in B cell have been developed that can help in 
the cancer cell elimination process. Additionally, antibodies against regulatory T‐cells have 
been found with aid in the regression process of the tumor [9, 31]. The latter opens the way in 
the search for epitopes that could be used in vaccines, allowing better and faster elimination 
of the disease. For an allergy vaccine, other predictors, such as Allermatch and AlgPred, can 
be employed with the purpose of identifying proteins with potential allergenicity.

Other software developers have addressed the analysis of the complete immune response 
against specific antigens, such as C‐ImmSim. In this case, the software uses different algo‐
rithms for each step; at the end, a series of graphic representations of each cell type can supply 
an idea of whether the response is sufficient to protect against a disease [32]. However, the 
general panorama is limited because this analysis implies the interaction of many cells and 
molecules and, in many cases, we do not yet know how these can interact with each other in 
a specific disease.

4. Structural vaccinology

Structural vaccinology focuses on the conformational features of macromolecules, mainly pro‐
teins that make them good candidate antigens. This approach to vaccine design has been used 
mainly to select or design peptide‐based vaccines or cross‐reactive antigens with the capabil‐
ity of generating immunity against different antigenically divergent pathogens. The initial 
stage in bioinformatics analyses involves linear epitope prediction, taking hydrophilicity as 
the major characteristic for locating epitopes. However, considering these predictions as the 
sole factor in determining the potential of a sequence to be immunogenic is risky. For example, 
the predicted epitopes could be sterically hindered by nearby amino acids, or if a peptide vac‐
cine is being developed, the resulting peptide could adopt a conformation that differs from the 
peptide within the context of a whole protein, resulting in different conformational epitopes. 
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3. Immunoinformatics
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combined with other epitopes of different organisms in order to generate a polyvalent vaccine, 
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4. Structural vaccinology

Structural vaccinology focuses on the conformational features of macromolecules, mainly pro‐
teins that make them good candidate antigens. This approach to vaccine design has been used 
mainly to select or design peptide‐based vaccines or cross‐reactive antigens with the capabil‐
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stage in bioinformatics analyses involves linear epitope prediction, taking hydrophilicity as 
the major characteristic for locating epitopes. However, considering these predictions as the 
sole factor in determining the potential of a sequence to be immunogenic is risky. For example, 
the predicted epitopes could be sterically hindered by nearby amino acids, or if a peptide vac‐
cine is being developed, the resulting peptide could adopt a conformation that differs from the 
peptide within the context of a whole protein, resulting in different conformational epitopes. 
In fact, available structures from nonoclonal antibodies (Mab) complexed to proteins have 
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demonstrated that, in the majority of cases, Mab recognize conformational rather than linear 
epitopes [33].

Many epitope‐based vaccines attempt to elicit an antibody‐mediated immune response that 
could neutralize the activity of toxins or pathogen receptors. Currently, there are many bio‐
informatics programs that predict protein epitopes. However, the majority of these programs 
rely only on the hydrophobicity or the hydrophilicity of amino acids. The main drawbacks 
in this are that many predicted epitopes are buried within the protein; thus, they would not 
be detected by the antibodies. In addition, the predicted epitopes are linear, leaving out con‐
formational epitopes. In these cases, structural information can be helpful for selecting the 
epitopes that are exposed to the solvent and that are proximal to functional sites of the tar‐
get protein, such as catalytic pockets or receptor binding pockets, or for detecting confor‐
mational epitopes on the surface of the target protein. Structural information is utilized to 
map antigenic epitopes to detect conformational features that could affect immunogenicity, 
such as the structural stability of proteins or the solvent exposure of candidate peptides, and 
to select antigenic regions shared by proteins of different pathogens that otherwise (i.e., by 
multiple alignments or epitope mapping) could not be evident. The approach that has been 
employed to develop vaccines is to perform several bioinformatics analyses at both at the 
sequence and structure level. For example, Cornick et al. [34] developed universal vaccine 
candidates against serotype 1 Streptococcus pneumoniae considering epitope prediction and 
structure modeling.

Protein flexibility can lead to vaccine failure due to high conformational variations that can 
avoid recognition by cell receptors or antibodies; for example, the failure of vaccines aimed at 
the HIV has been attributed to high flexibility of the globular head of gp120 [33, 35]. This is a 
concern, especially with peptides, which are usually more flexible and disordered than when 
they are found in a complete protein context. Bioinformatics predictions of flexibility can be 
attained from amino acid sequences (through structural alphabets) or from a 3D structure. 
High‐performance bioinformatics tools such as molecular dynamics (MD) simulations can be 
employed to predict the stability of proteins or peptides [36]. This tool can be used to select 
the appropriate size of a peptide in order to render its stability and to introduce stabilizing 
mutations or chemical modifications that minimize flexibility, hence yielding better vaccine 
candidates than simple peptides.

Molecular docking is another bioinformatics tool that can be utilized in the selection and 
design of target antigens. It consists of complexing two molecules (protein‐protein or pro‐
tein‐ligand) with best shape complementarity and minimal binding energy. In the field of 
structural vaccinology, molecular docking can be employed to predict the binding of epitopes 
to antibodies or to MHC receptors. Candidate antigens can be evaluated through the binding 
energy of the complex, and even mutations can be introduced to improve binding, but main‐
taining the specificity of the immune response [37].

Alam et al. [38], in a preliminary report, designed peptides as vaccine candidates against the 
Zika virus. They predicted MHC‐I restricted epitopes, and then performed docking of these 
peptides with human leukocyte antigen (HLA) receptors to confirm their predictions. Toxicity 
analyses included allergenicity prediction. Another study proposed a multivalent vaccine 
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with fused peptides against Staphylococcus aureus. Again, epitope prediction was followed by 
peptide structure prediction, docking with TLR2, molecular dynamics simulations to assess 
the stability of the complexes, and finally, allergenicity prediction [39].

Care should be taken while designing peptide‐based vaccines because the resulting peptide 
could be toxic or allergenic. Several bioinformatics studies perform toxicity or allergenicity 
prediction on peptide candidates to rule out adverse effects in the resulting candidate vaccine 
[38, 39].

Bioinformatics analyses have been performed to improve the functionality of antibodies. One 
study modified the Fc portion of antibodies to increase binding of proteins to the antibodies’ 
Fc. This approach is relevant to improve the functionality of designed antibodies, to study 
immune response evasion by some pathogens, and in biotechnology to purify antibodies or 
proteins [37].

One premise of bioinformatics is to detect epitopes that can be recognized by antibodies, but 
modeling antibody‐antigen complexes has been difficult because of the mobility of protein 
loops in the Fab region of antibodies [40]. One way to avoid this drawback is the strategy pre‐
sented by Koivuniemi et al., which involved homology modeling to deduce the structure of 
the antigen and the antibody, docking, and molecular dynamics simulations [41] (Figure 1).

Genome
Transcriptome
Proteome

Tridimensional structure
Epitope
Interac�on with an�bodies/receptors
Stability of interac�on

Conserva�on
Strain/species coverage

Databases
Data mining

Bioinforma�cs tools

Figure 1. Path to antigen selection and validation. Databanks are created with experimental data from pathogens that 
can originate in the lab or be gathered through databases. Protein or nucleic acid sequences can be aligned to detect 
conservation and strain or species coverage. Three‐dimensional (3D) structure information can be obtained from 
databases or inferred from bioinformatics analysis. Several predictions can be mapped into the structure, such as epitope 
prediction or amino acid conservation. Molecular docking tools can be used to establish interaction between two or 
more molecules (antibodies and cell receptors). Finally, the stability of these interactions can be assessed through energy 
calculations or molecular dynamics simulations.
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5. Special cases: vaccines against infectious and noninfectious diseases

5.1. Vaccines against infectious diseases

5.1.1. Tuberculosis

Tuberculosis is an infectious disease caused by Mycobacterium tuberculosis, which is the most 
virulent and transmissible bacterium of the genus; however, it is a microorganism that is dif‐
ficult to study because of its requirements and slow growth. The number of new cases world‐
wide rose to 10.4 million [42]; this high incidence rate is based on several factors, and one of 
the most important factors is the ineffectiveness of the vaccine used at present: the BCG. Thus, 
why many working groups are investigating new vaccines that can improve the level of pro‐
tection against this disease, and one of the tools utilized is reverse vaccinology [10].

One strategy applied for vaccine design is to identify the structures present only in M. tuberculosis  
and absent in Mycobacterium bovis BCG [43]. In addition, the vaccine candidates studied pre‐
sented the characteristics described previously, such as nonhuman homology, adhesins [44], 
secreted or membrane structures [45, 46] with low transmembrane helix, and in addition, 
the proteins expressed in the latent or active state of the microorganism [47]. The immunity 
sought is a protective response that is cellular. Therefore, immunoinformatics is based on the 
study of T‐cell epitopes [22, 48–50].

Several candidates and epitopes have been found with different software. Some of these have 
been expressed and proven in vitro and in vivo, demonstrating their immunogenicity and pro‐
tective effect. Among these are highlighted the ESAT‐6, PE and PPE protein family group [51], 
and the Ag85 protein family, which obtained better immune response than the BCG vaccine 
in an animal model [43].

5.1.2. Influenza

The design of influenza vaccines is challenging due to the influenza virus’s antigenic plas‐
ticity. Influenza viruses evade the immune response through antigenic drift and antigenic 
shift [52], rendering a long‐lasting immune response very difficult. Current influenza vaccines 
contain hemagglutinin (HA) and neuraminidase (NA) as main antigenic components, usually 
having one type‐B strain, and one H1 and one H3 subtype strain [53, 54]. Predicting the com‐
position of next‐year’s vaccines relies on epidemiological data, although evolutionary models 
can aid in predicting antigenic drift, improving vaccine design [55].

Influenza HA recognizes cell receptors and mediates membrane fusion between the virus 
and the target cell. The globular head of HA contains the receptor binding site and the major‐
ity of the antigenic sites; consequently, this region is also the most variable. The stem region 
contains the fusion peptide and, although it previously was not considered a target for vac‐
cine development, the discovery of neutralizing antibodies aimed at this region revealed its 
potential in vaccine design [52, 56]. Several conserved regions have been described in the 
stem region of HA [57], which make a universal vaccine a possibility. It has been found that 
neutralizing antibodies can bind to intact trimers, confirming the possibility of a universal 
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vaccine aimed at the HA stem. In fact, engineered HA stem antigens have been shown to elicit 
immune responses against heterosubtypic challenge models and serve as a proof‐of‐concept 
that these vaccines work [58].

Given the high cooperation, hence availability, of influenza viral protein sequences, there are 
open databases such as OpenFluDB [59] or the Influenza Research Database [60] that help in 
the designing of influenza vaccines. EpiCombFlu is a database that aids in defining conserved 
epitopes across influenza strains that can be combined to maximize strain coverage. Analysis 
of these sequences has led to the identification of conserved motifs among influenza strains 
that can be targets in vaccine or inhibitor design [61].

5.1.3. Chikungunya fever

For CHIKungunya Virus (CHIKV), there are some vaccine candidates in clinical trials, but 
there is no licensed vaccine to date. Efforts include the development of vaccines of inactivated 
virus, live attenuated virus (LAV), and virus‐like particles (VLPs). In preclinical studies, LAV 
and VLP vaccines have been promising, but during clinical trials, they have shown inad‐
equate immunogenicity and residual virulence, for example, the risk of production of chronic 
rheumatism seen for LAV [62]. However, vaccines should be able to induce high levels of 
neutralizing antibodies, ideally with only one dose, LAV remain good candidates for which 
attenuation strategies are of central importance.

Because the CHIKV E2 glycoprotein is thought to interact with cellular receptors and has 
demonstrated to elicit neutralizing antibodies, generating protection against lethal challenge 
in mice [63], it has been extensively studied. Kam et al. [64] mapped its epitope‐containing 
sequences using experimentally infected macaque antibodies. Their results revealed that one 
of four recognized regions mapped onto the surface of E2, that the majority of the epitopes 
clustered in the middle of the protein, and that antibody recognition of E2 changes through‐
out the disease course in experimentally infected macaques may be due to the spatial posi‐
tions of the B‐cell epitopes on the native form of the E1/E2 glycoprotein complex. As part of 
the study, these authors included computational modeling utilizing the structural data of the 
E2 retrieved from PDB and visualizing the results using UCSF CHIMERA software.

In the design of an LAV for CHIKV, Gardner et al. [65] considered three known facts: that 
the substitution for positively charged residues in E2 that confer enhanced, Heparan sulfate 
(HS)‐dependent infectivity in vitro is a common phenomenon among cell culture‐passaged 
strains of some CHIKV‐related viruses; that these mutations can be selected from within only 
a few serial passages in vitro, and that viruses whose in vitro infectivity is enhanced by artifi‐
cial HS attachment/entry are typically attenuated/avirulent in vivo. In the case of CHIKV, an 
LAV candidate, attenuated by serial passages in MRC‐5 fibroblasts, the authors predicted an 
amino acid substitution at E2 position 82, which was highly dependent upon ionic interaction 
with HS for infectivity. Afterward, this mutation demonstrated the attenuation two strains of 
CHIKV in vivo. Based on this fact [59], E2 mutations were selected that confer HS dependence 
on infectivity by serial passage of wild‐type CHIKV‐LR on different cell types in vitro. Then 
they introduced these mutations individually into CHIKV and identified a panel of E2 muta‐
tions that confer reduced virulence in a murine model. In this work, computational modeling 
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played an important role because it helped to explain the effect of the single amino acid muta‐
tions on altering the electrostatic profile of the E2 glycoprotein and increasing net positive 
charge in two exposed regions.

5.1.4. Zika virus disease

Zika virus, a positive single‐stranded RNA virus transmitted by mosquito bites, is currently 
spreading worldwide and there is no available commercial vaccine. Several candidates are 
undergoing preclinical and clinical studies, and some platforms being investigated include 
inactivated, subunit/peptide, DNA‐based, live‐attenuated, and vectored vaccines. For a vac‐
cine against this pathogen, multiple bioinformatics strategies are being exploited as an essen‐
tial tool; the majority of studies involve in silico predictions to find the best epitopes. Dikhit 
et al. [66] found nine promiscuous highly conserved class I restricted epitopes among capsid 
1, the envelope, and NS2A, NS4B, and NS5 viral proteins. Then, the tertiary structure of the 
selected epitopes was modeled using PEPstr and finally there was docking to HLA calculation 
with PatchDock.

Dar et al. [67] utilized ProPred1 to predict antigenic epitopes for HLA class I, as well as 
48 antigenic epitopes for HLA class II employing ProPred immunoinformatics algorithms. 
These authors found 21% of MHC class I binding epitopes among NS5 viral proteins, fol‐
lowed by the envelope (17%). For MHC class II, NS5 contained 19% of predicted epitopes, 
and 17% were in the envelope, 17% in NS1, and 17% in NS2. Additionally, they obtained 
the antigenicity score for each predicted epitope using the VaxiJen 2.0 tool. Ashfaq and 
Ahmed are other researchers who used ProPred1 and ProPred, but focused in the enve‐
lope protein, finding two highly antigenic candidates among T‐cell epitopes. They also 
performed a molecular docking to study the interactions of B‐cell epitopes with HLA‐B7 
[68].

Another bioinformatics‐based study is that of Mirza et al. [69], in which the authors pre‐
dicted antigenic B‐cell (IEDB) and CTL epitopes (NetCTL.1.2 server). They determined, by 
in silico studies, surface accessibility, surface flexibility, hydrophilicity, homology modeling 
(MODELLER ver. 9.12, CHARMM, WhatIF, PROCHECK, Verify 3D), and structure‐based 
epitope prediction for E protein, NS3, and NS5. They performed molecular docking of the 
ZIKV‐E protein with HLA‐A0201, of the ZIKV‐NS3 protein with HLA‐B2705, and of the 
ZIKV‐NS5 protein with HLA‐C0801 (PatchDock rigid‐body docking server, FireDock server). 
Finally, these authors investigated the stability of the docked peptide‐MHC I protein com‐
plexes by performing Molecular Dynamics (MD) simulations (AMBER 12 simulation pack‐
age) [69].

An important aspect in the design of a vaccine is the study of the virus’s molecular biology, 
its proteome, and the genotypes. Sun et al. reported such data, to our knowledge for the first 
time, using new computational methods for annotation of mature peptide proteins, geno‐
types, and recombination events for all ZIKV genomes [70]. In an effort to aid in the develop‐
ment of vaccines and therapeutic drugs, an integrative multi‐omics platform, ZikaVR (http://
bioinfo.imtech.res.in/manojk/zikavr/) was created by Gupta el at.. This platform contains 
genomic, proteomic, and therapeutic information about the Zika virus [71].
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5.2. Vaccines against noninfectious diseases

5.2.1. Vaccines to treat addictions

In the search for a vaccine to fight drug abuse, cocaine, nicotine, and methamphetamines are 
some of the main targets; however, to date there are, to our knowledge, no US: Federal Drug 
Administration (FDA)‐approved vaccines. The development of such products has been hin‐
dered by the need of a carrier protein and an adjuvant to combine with haptens of the drugs 
to elicit the necessary antibody levels expected to interfere with the transport of the drug to 
the Central Nervous System (CNS), thus with the expected effect [72].

Kimishima et al. have explored tetanus toxoid (TT), the bacterial flagellin FliC, alum, and 
CpG (cytosine‐phosphate‐guanine oligodeoxynucleotide) in the development of an antico‐
caine vaccine. TT is used as a carrier; FliC acts as a carrier protein, and additionally it has 
been demonstrated that it stimulates toll‐like receptor 5 (TLR5), therefore inducing myeloid 
differentiation factor 88 (MyD88), which renders a TH2 response to predominant production 
of IgG1 and no cytotoxic T lymphocytes (CTL). CpG (a B‐class OligoDeoxyNucleotide [ODN]) 
motifs can be used as activators of TLR9 to promote a TH1‐type immune response, stimulat‐
ing B‐cell immune responses to generate IgG2a and CTL [73].

Lockner et al., in a first attempt, conjugated GNE (a cocaine hapten) with a recombinant FliC, 
utilized in silico modeling and computational analysis of the recombinant protein to ensure 
its structural integrity and conservation of the binding to TLR5; by Modeler, they studied the 
homology of the recombinant flagellin, as well as the number of lysines per domain and rela‐
tive solvent accessibility with and without GNE cocaine haptens present. Their computational 
results agreed with those used for experimentation since then in a TLR5 reporter assay: the 
modified flagellin protein still activated TLR5 when the hapten density was <10 GNE per FliC. 
Finally, the authors showed that cocaine‐flagellin conjugates induced, in a dose‐dependent 
model, the production of anticocaine antibodies in mice, improving the response with the 
adjuvant alum [73, 74].

On the other hand, as they observed in prior experiments in which they conjugated 
GNE (a cocaine hapten) with FliC, TLR5 activation was attenuated at higher hap‐
ten densities (i.e., above ∼10 GNE per flagellin). Consequently, they induced a muta‐
tion in the flagellin gene (mFliC), which could protect the TLR5 binding interface against 
covalent modification with the bulky GNE hapten, thus potentially preserving the ability of 
the modified flagellin to activate TLR5 independently of hapten densities. mFliC consisted 
of a mutation of the 10 lysine residues within the D0 and D1 domains of wild‐type FliC (as 
well as one additional lysine residue previously introduced through cloning) to arginine 
residues [73]. Again, bioinformatics was necessary to assess the secondary structure and 
MHC‐II binding predictions for FliC and mFliC, employing the PSIPRED (http://bioinf.
cs.ucl.ac.uk/psipred/) method and the external software from IEDB (http://www.immuno‐
epitope.org/), respectively [74].

The computational results for MHC‐II binding and hapten presentation revealed that the FliC 
conjugate was better than mFliC; these results indirectly correlated with those conducted by 
enzyme‐linked immunosorbent assays (ELISA) and radioimmunoassays (RIA). However, 
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played an important role because it helped to explain the effect of the single amino acid muta‐
tions on altering the electrostatic profile of the E2 glycoprotein and increasing net positive 
charge in two exposed regions.

5.1.4. Zika virus disease

Zika virus, a positive single‐stranded RNA virus transmitted by mosquito bites, is currently 
spreading worldwide and there is no available commercial vaccine. Several candidates are 
undergoing preclinical and clinical studies, and some platforms being investigated include 
inactivated, subunit/peptide, DNA‐based, live‐attenuated, and vectored vaccines. For a vac‐
cine against this pathogen, multiple bioinformatics strategies are being exploited as an essen‐
tial tool; the majority of studies involve in silico predictions to find the best epitopes. Dikhit 
et al. [66] found nine promiscuous highly conserved class I restricted epitopes among capsid 
1, the envelope, and NS2A, NS4B, and NS5 viral proteins. Then, the tertiary structure of the 
selected epitopes was modeled using PEPstr and finally there was docking to HLA calculation 
with PatchDock.

Dar et al. [67] utilized ProPred1 to predict antigenic epitopes for HLA class I, as well as 
48 antigenic epitopes for HLA class II employing ProPred immunoinformatics algorithms. 
These authors found 21% of MHC class I binding epitopes among NS5 viral proteins, fol‐
lowed by the envelope (17%). For MHC class II, NS5 contained 19% of predicted epitopes, 
and 17% were in the envelope, 17% in NS1, and 17% in NS2. Additionally, they obtained 
the antigenicity score for each predicted epitope using the VaxiJen 2.0 tool. Ashfaq and 
Ahmed are other researchers who used ProPred1 and ProPred, but focused in the enve‐
lope protein, finding two highly antigenic candidates among T‐cell epitopes. They also 
performed a molecular docking to study the interactions of B‐cell epitopes with HLA‐B7 
[68].

Another bioinformatics‐based study is that of Mirza et al. [69], in which the authors pre‐
dicted antigenic B‐cell (IEDB) and CTL epitopes (NetCTL.1.2 server). They determined, by 
in silico studies, surface accessibility, surface flexibility, hydrophilicity, homology modeling 
(MODELLER ver. 9.12, CHARMM, WhatIF, PROCHECK, Verify 3D), and structure‐based 
epitope prediction for E protein, NS3, and NS5. They performed molecular docking of the 
ZIKV‐E protein with HLA‐A0201, of the ZIKV‐NS3 protein with HLA‐B2705, and of the 
ZIKV‐NS5 protein with HLA‐C0801 (PatchDock rigid‐body docking server, FireDock server). 
Finally, these authors investigated the stability of the docked peptide‐MHC I protein com‐
plexes by performing Molecular Dynamics (MD) simulations (AMBER 12 simulation pack‐
age) [69].

An important aspect in the design of a vaccine is the study of the virus’s molecular biology, 
its proteome, and the genotypes. Sun et al. reported such data, to our knowledge for the first 
time, using new computational methods for annotation of mature peptide proteins, geno‐
types, and recombination events for all ZIKV genomes [70]. In an effort to aid in the develop‐
ment of vaccines and therapeutic drugs, an integrative multi‐omics platform, ZikaVR (http://
bioinfo.imtech.res.in/manojk/zikavr/) was created by Gupta el at.. This platform contains 
genomic, proteomic, and therapeutic information about the Zika virus [71].

Vaccines134

5.2. Vaccines against noninfectious diseases

5.2.1. Vaccines to treat addictions

In the search for a vaccine to fight drug abuse, cocaine, nicotine, and methamphetamines are 
some of the main targets; however, to date there are, to our knowledge, no US: Federal Drug 
Administration (FDA)‐approved vaccines. The development of such products has been hin‐
dered by the need of a carrier protein and an adjuvant to combine with haptens of the drugs 
to elicit the necessary antibody levels expected to interfere with the transport of the drug to 
the Central Nervous System (CNS), thus with the expected effect [72].

Kimishima et al. have explored tetanus toxoid (TT), the bacterial flagellin FliC, alum, and 
CpG (cytosine‐phosphate‐guanine oligodeoxynucleotide) in the development of an antico‐
caine vaccine. TT is used as a carrier; FliC acts as a carrier protein, and additionally it has 
been demonstrated that it stimulates toll‐like receptor 5 (TLR5), therefore inducing myeloid 
differentiation factor 88 (MyD88), which renders a TH2 response to predominant production 
of IgG1 and no cytotoxic T lymphocytes (CTL). CpG (a B‐class OligoDeoxyNucleotide [ODN]) 
motifs can be used as activators of TLR9 to promote a TH1‐type immune response, stimulat‐
ing B‐cell immune responses to generate IgG2a and CTL [73].

Lockner et al., in a first attempt, conjugated GNE (a cocaine hapten) with a recombinant FliC, 
utilized in silico modeling and computational analysis of the recombinant protein to ensure 
its structural integrity and conservation of the binding to TLR5; by Modeler, they studied the 
homology of the recombinant flagellin, as well as the number of lysines per domain and rela‐
tive solvent accessibility with and without GNE cocaine haptens present. Their computational 
results agreed with those used for experimentation since then in a TLR5 reporter assay: the 
modified flagellin protein still activated TLR5 when the hapten density was <10 GNE per FliC. 
Finally, the authors showed that cocaine‐flagellin conjugates induced, in a dose‐dependent 
model, the production of anticocaine antibodies in mice, improving the response with the 
adjuvant alum [73, 74].

On the other hand, as they observed in prior experiments in which they conjugated 
GNE (a cocaine hapten) with FliC, TLR5 activation was attenuated at higher hap‐
ten densities (i.e., above ∼10 GNE per flagellin). Consequently, they induced a muta‐
tion in the flagellin gene (mFliC), which could protect the TLR5 binding interface against 
covalent modification with the bulky GNE hapten, thus potentially preserving the ability of 
the modified flagellin to activate TLR5 independently of hapten densities. mFliC consisted 
of a mutation of the 10 lysine residues within the D0 and D1 domains of wild‐type FliC (as 
well as one additional lysine residue previously introduced through cloning) to arginine 
residues [73]. Again, bioinformatics was necessary to assess the secondary structure and 
MHC‐II binding predictions for FliC and mFliC, employing the PSIPRED (http://bioinf.
cs.ucl.ac.uk/psipred/) method and the external software from IEDB (http://www.immuno‐
epitope.org/), respectively [74].

The computational results for MHC‐II binding and hapten presentation revealed that the FliC 
conjugate was better than mFliC; these results indirectly correlated with those conducted by 
enzyme‐linked immunosorbent assays (ELISA) and radioimmunoassays (RIA). However, 

The Impact of Bioinformatics on Vaccine Design and Development
http://dx.doi.org/10.5772/intechopen.69273

135



because FliC and mFliC exhibited poor efficacy as carrier proteins when comparing two for‐
mulations, GNE‐FliC + CpG and GNE‐TT + CpG, through a hyperlocomotion test and analy‐
sis of cocaine in blood, where GNE‐TT + CpG had best efficacy, the authors proposed the 
investigation of monomers of FliC instead of the polymeric form utilized [74].

5.2.1.1. Allergies

Allergies comprise another area where vaccine (specific immunotherapy (SIT)) investigation 
is conferred due to the association of allergy with asthma and anaphylaxis. Some common 
allergies are caused by cat, peanut, and cockroach allergens, with the specific immunother‐
apy (SIT) effective, but sometimes associated with IgE‐dependent adverse events. In allergies, 
computational approaches have been applied to find T‐cell epitopes to target allergen‐specific 
T cells, thus improving the safety of the immunotherapy.

In 2011, Worm et al. performed a clinical study administering the ToleroMune cat vaccine 
(short synthetic peptide sequences from the major cat allergen Fel d 1) to 66 subjects with 
cat allergy. The authors identified each peptide‐MHC interaction by using physical binding 
assays and analyzed these in silico with the immune epitope database (www.immuneepitope.
org/); in vitro, the individual peptides and the vaccine were at least 1000‐fold less able to 
induce basophil histamine release associated with adverse effects than the native allergen. 
The vaccine administered intradermally (i.d.) or subcutaneously (s.c.) showed no serious 
adverse events (SAEs) during the study and no subject withdrew from the latter due to an 
adverse event. Thus, the vaccine was safe and well tolerated [75].

Another example of research to improve safety comprises the work of Pascal et al. for the 
treatment of peanut allergy, which presents symptoms ranging from mild oropharyngeal 
pruritus to life‐threatening anaphylaxis, considerably compromising the patient’s quality of 
life. Ara h 1, Ara h 2, and Ara h 3 include the three major peanut allergens, although IgE 
antibodies to Ara h 2 correlate most closely with clinical reactivity, and in vitro Ara h 2 and 
its homologue, Ara h 6, are more potent inducers of basophil degranulation than Ara h 1 
and Ara h 3. Because conventional s.c. immunotherapy with crude peanut extract entertains 
a high risk of anaphylaxis and since peptides have been successful in the desensitization of 
patients to cat‐allergy and bee venom‐allergy, an alternative is the use of peptide fragments 
that retain immunogenicity, but that are of insufficient length to cross‐link allergen‐specific 
IgE on mast cells and basophils. In addition to proliferation assays utilizing peripheral blood 
mononuclear cells (PBMCs) from peanut‐allergic children and Ara h 2 peptides, Pascal and 
colleagues predicted, to our knowledge for the first‐time, epitopes in a food‐allergy through 
the artificial neural network‐based alignment (NN‐align) method NetMHCIIpan‐2.0. Their 
objective was to analyze additional theoretical peptides that are not included in the prolif‐
eration assays, finding that both strategies, in vitro and in silico, rendered consistent results; 
therefore, they were able to select peptide candidates for the development of a peanut allergy 
vaccine [76].

Regarding allergy to cockroaches, there are some research studies that have followed the 
in silico prediction of B‐cell, T‐cell, and IgE‐binding epitopes in a first stage to propose a  vaccine 
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formulation. Chen et al., Yang et al., and Tong et al. are members of a workgroup that studied 
this allergy by means of in vitro and in silico approaches. The allergens analyzed were Per a 6 
and Bla g (found in Periplaneta americana and Blattella germanica, respectively) [77–79].

Chen et al. employed three immunoinformatics tools: the Protean™ system (DNAStar, Inc., 
Madison, WI, USA); the bioinformatics predicted antigenic peptides (BPAP) system (http://
imed.med.ucm.es/Tools/antigenic.pl), and the BepiPred 1.0 server (http://www.cbs.dtu.
dk/services/BepiPred/), which utilizes four properties, including hydrophilicity, flexibil‐
ity, accessibility, and antigenicity as parameters for the prediction of B‐cell epitopes. After 
a consensus of the three bioinformatics tools, these authors selected the final potential 
epitope regions (regions whose consensus epitope result was 67 or 100%) to develop a vac‐
cine. Additionally, through the NN‐align method NetMHCIIpan‐2.0 (http://www.cbs.dtu.
dk/services/NetMHCIIpan/) for HLA‐DR alleles and NetMHCII‐2.2 (http://www.cbs.dtu.
dk/services/NetMHCII/) for HLA‐DQ alleles, they found strong and weak binders [77]. In 
2016, Yang et al. and Tong et al. predicted, using the same strategy, B‐ and T‐cell peptides 
belonging to Per a 9 and Per a 10 (two major allergens as assessed by enzyme‐linked immu‐
nosorbent assays (ELISA) but, in order to obtain substantial quantities of these allergens 
for use in functional studies, they cloned and expressed them in an Escherichia coli system 
[78, 79]

5.2.1.2. Cancer

Since T cells educated in the thymus do not recognize mutated antigens expressed in cancer 
cells, there is no negative selection, and these neoantigens are ideal targets for therapeutic 
vaccination; furthermore, they are not present in healthy tissue. On the other hand, advances 
in next‐generation sequencing (NGS) permit the sequencing of genomes, exomes, or tran‐
scriptomes within hours. Therefore, they investigated the mutanome (the tens‐to‐hundreds of 
somatic nonsynonymous mutations) in order to select the specific targets for the recognition 
by cytotoxic and helper T cells with antitumor activity. The complexity of some experimental 
tools such as mass spectrometry hampers its usefulness in the selection of targets in a clinical 
setting where personalized therapy is needed. In this context, because it is not possible to ana‐
lyze all of the mutations, bioinformatics addresses this problem and has become important in 
the selection of targets and in their prioritization [80].

An example of the success of in silico predicted mutations is the study of Castle et al., where 
the authors, applying thresholds for MHC class II binding prediction and mRNA expres‐
sion levels, without further validation by immunogenicity testing, were able to enrich immu‐
nogenic MHC class II‐restricted epitopes. They obtained efficient and sustained control of 
advanced tumors in mice [81].

Although there are successful in vitro and preclinical studies that initiated by utilizing com‐
putational approaches, the majority of algorithms predict the affinity of peptide binding to 
MHC molecules, which may not correlate well with their immunogenicity or may not predict 
peptides that are not generated and presented. Moreover, some immunogenic ligands may 
escape detection. Additionally, in general in silico prediction of ligands for MHC II is less 
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and Bla g (found in Periplaneta americana and Blattella germanica, respectively) [77–79].
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putational approaches, the majority of algorithms predict the affinity of peptide binding to 
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accurate than for MHC molecules. Because the immunogenicity of predicted peptides has 
been reported to correlate better with peptide‐MHC complex stability, the use has been pro‐
posed of biochemical methods to reduce the number of in silico predicted MHC ligands and 
to generate data that helps in the training of prediction algorithms to validate peptide bind‐
ing predictions. Some biochemical methods include peptide rebinding (referred to as iTopia), 
peptide‐rescuing, and refolding for MHC I peptide binding validation, and peptide‐driven 
refolding for MHC II [82].

Another approach to circumvent the limitations of the binding prediction for MHC mol‐
ecules is molecular docking, a structure‐based method that has been tested on both pep‐
tide‐MHC class I and II complexes. This method can be applied to previously predicted 
peptides and is expected to improve prediction accuracy in order to identify the best MHC 
class I and II binders. Following this strategy, in a research for vaccine candidates against 
breast cancer, predicted discontinuous B‐cell epitope peptides using PEPOP for the first 
time, then the 3D structure of epitope‐based peptides by PEP‐FOLD server, and their 
theoretical physicochemical properties utilizing the Prot Param algorithm, and finally, 
with.pdb files of two class I and seven class II MHC‐peptide complexes from the protein 
data bank, perform molecular docking through the genetic optimization for ligand dock‐
ing (GOLD) 5.4. After virtual screening, they confirmed a predicted peptide agreement 
between their docked results and previous experimental results (i.e., the immunogenicity 
of this peptide was confirmed in vivo studies), thus proposing molecular docking as an 
additional technique to improve the selection of peptide candidates for cancer vaccines 
[83].
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accurate than for MHC molecules. Because the immunogenicity of predicted peptides has 
been reported to correlate better with peptide‐MHC complex stability, the use has been pro‐
posed of biochemical methods to reduce the number of in silico predicted MHC ligands and 
to generate data that helps in the training of prediction algorithms to validate peptide bind‐
ing predictions. Some biochemical methods include peptide rebinding (referred to as iTopia), 
peptide‐rescuing, and refolding for MHC I peptide binding validation, and peptide‐driven 
refolding for MHC II [82].

Another approach to circumvent the limitations of the binding prediction for MHC mol‐
ecules is molecular docking, a structure‐based method that has been tested on both pep‐
tide‐MHC class I and II complexes. This method can be applied to previously predicted 
peptides and is expected to improve prediction accuracy in order to identify the best MHC 
class I and II binders. Following this strategy, in a research for vaccine candidates against 
breast cancer, predicted discontinuous B‐cell epitope peptides using PEPOP for the first 
time, then the 3D structure of epitope‐based peptides by PEP‐FOLD server, and their 
theoretical physicochemical properties utilizing the Prot Param algorithm, and finally, 
with.pdb files of two class I and seven class II MHC‐peptide complexes from the protein 
data bank, perform molecular docking through the genetic optimization for ligand dock‐
ing (GOLD) 5.4. After virtual screening, they confirmed a predicted peptide agreement 
between their docked results and previous experimental results (i.e., the immunogenicity 
of this peptide was confirmed in vivo studies), thus proposing molecular docking as an 
additional technique to improve the selection of peptide candidates for cancer vaccines 
[83].
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Abstract

Whooping cough or pertussis is a serious infectious disease of the human respi-
ratory tract, caused by Gram-negative bacteria Bordetella pertussis and Bordetella 
 parapertussisHU. The current pertussis vaccines may consist of dead cells of B. pertus-
sis (whole cell pertussis vaccines—wPs) or purified antigens from the bacterium 
(acellular pertussis vaccines—aPs). The aPs are less reactogenic and have been 
widely used in developed countries for more than two decades, but their high cost 
of production makes them prohibitive for developing countries, and the accelerated 
rate of epidemic outbreaks has led to the hypothesis that aPs are less effective than 
the wP ones. Considering cost-effectiveness, some authors have pointed out ques-
tions about the possibility of reintroduction of wP vaccines into the primary doses 
of pertussis vaccination. The Butantan Institute in São Paulo, Brazil, developed a wP 
vaccine with low endotoxicity (Plow) obtained by chemical extraction of the lipooli-
gosaccharide (LOS) fraction from the outer membrane of the bacterial cell, showing 
to be less reactogenic and equally immunogenic and protective as the traditional 
wP vaccine. The Plow may possibly be introduced into the vaccination schedule for 
immunization of adolescents and young adults in Brazil, an important epidemio-
logical contribution to reducing the circulation of B. pertussis.
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1. Introduction

Pertussis or whooping cough is an acute and serious infectious disease of the respiratory 
tract, directly transmitted from human to human through respiratory aerosols [1]. The 
World Health Organization (WHO) estimates the annual incidence of 16 million cases of 
pertussis, with 195,000 deaths per year, one of the main causes of mortality for vaccine-
preventable diseases in children less than five years [2, 3]. The main causative agent is 
the Gram-negative bacterium Bordetella pertussis, but although Bordetella parapertussisHU 
leads to a milder disease [4, 5], it has also been associated with more severe episodes, 
such as pneumonia and bronchopneumonia in children, with possible lethal conse-
quences [6, 7]. The disease is exclusively human, with characteristics that differentiate it 
from other respiratory diseases [8, 9] and was widely disseminated in pre-vaccine era, 
mainly affecting children from 1 to 9 years of age. [10]. There is evidence that B. pertussis 
and B.  parapertussisHU were adapted to restricted niches of hosts, which possibly allowed a 
more effective infection [11–14]. Pertussis toxin (PT), considered the main virulence factor 
of B. pertussis, is not produced by B. parapertussis, where the PT gene is transcriptionally 
silent [5, 15], which could be a reason for the frequently milder symptoms following infec-
tion by B.  parapertussis [4, 5, 16, 17].

The classical manifestations of pertussis are divided into three phases: catarrhal, paroxys-
mal, and convalescent [18], and are particularly serious in unprotected newborns and young 
infants (<1 year old), with bacteria disseminating into the lungs causing necrotizing bron-
chiolitis, intra-alveolar hemorrhage, and fibrinous edema. In the most severe cases, there is 
usually intense lymphocytosis, correlated with pulmonary hypertension, respiratory fail-
ure, and death [19]. Older children, adolescents, and adults can also be affected [20], and 
although in these age groups the clinical manifestations may vary from the classic symptoms 
to moderate or even absent cough [21], high rates of the bacteria have been found in this 
population [9], who act as reservoirs and can transmit the infection to at-risk groups, such as 
neonates and infants [22].

2. Pertussis vaccines: an almost solved problem?

The initial attempts to develop a vaccine against B. pertussis occurred in a completely 
empirical way, after the culture of this bacterium in the laboratory by Jules Bordet and 
Octave Gengou, of the Pasteur Institute in Brussels in 1906 [23]. The first effective pertus-
sis vaccine was developed in the 1930s by Pearl Kendrick and Grace Eldering using killed 
whole B.  pertussis cells [24]. The introduction of such whole cell pertussis vaccines (wPs) 
in the late 1940s, right after combined with the diphtheria and tetanus toxoids for the for-
mulation of the triple bacterial vaccine (DTP) [25], greatly reduced the incidence of the 
disease [9], leading to its almost eradication in the early 1970s [10]. However, although 
effective, wPs were associated with undesirable side effects, which led to a decrease in 
the acceptance of these vaccines and the rapid increase of pertussis incidence in several 
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countries [26, 27]. In Great Britain, by 1977, the vaccination coverage rate for pertussis fell 
from 77 to 33%, and up to 9%, in some  districts [28]. In Japan, the government suspended 
pertussis vaccination in February 1975, due to widespread publicity of two deaths in chil-
dren, allegedly related to the vaccine, leading to a whopping cough peak two years later, 
accounting for 13,000 reported cases and 40 deaths [29, 30]. The reactogenicity of wPs was 
extensively evaluated in DTP, and the pertussis component proved to be mainly respon-
sible for the toxicity of these combined vaccines. Summarizing the findings from these 
analyses, some authors report a prospective study conducted in Los Angeles from January 
1978 to December 1979 in children of 0–6 years old, involving 15,752 doses of DTP and 784 
doses of DT. The children were evaluated for local and systemic reactions occurring within 
48 hours of immunization. Overall, all local and systemic reactions were significantly more 
frequent in children who had taken DTP vaccine than DT. At the site of application, red-
ness, swelling, and pain occurred in 37.4, 40.7, and 50.9%, respectively, in those receiving 
DTP, but only 7.6, 7.6, and 9.9%, respectively, in those who received DT. The percentage of 
these reactions in DTP vaccinated increased from the first to the fifth dose [9].

The global consequence of the refusal to accept the wP vaccines resulted in the development 
of the first acellular pertussis vaccine (aP), the Japanese vaccine of Sato et al. [31], containing 
purified antigens from the bacterium. As there was an ongoing pertussis epidemic at that 
time, DTaP vaccines were very rapidly developed in Japan and immediately incorporated 
into their vaccine calendar in 1981 [32, 33]. In the late 1990s, the wPs were gradually replaced 
by aPs in many developed countries [34]. Current aP vaccines contain 1–5 purified pertussis 
proteins: inactivated PT, filamentous hemagglutinin (FHA), pertactin (PRN), and fimbriae 2 
and 3 [35].

Nowadays, DTP vaccines are available in various formulations, containing whole cell (wP) 
or acellular (aP) pertussis component combined with diphtheria toxoid (D/d) and tetanus 
toxoid (T) to produce either full-strength— diphtheria/tetanus/wP (DTwP) or aP (DTaP) 
vaccines—or reduced antigen-content (Tdap) vaccines, which are used for primary (DTwP 
or DTaP) or booster (Tdap) immunization. Whole cell pertussis vaccines are not indicated 
for individuals over seven years of age, and WHO only recommends formulations with 
lower concentrations of diphtheria toxoid and pertussis (Tdap and Td) in order to reduce 
their reactogenicity [36, 37]. More recently, DTP is presented as the basis for combined vac-
cines containing additional antigens added alone or in combinations, such as Haemophilus 
influenzae type b (Hib), hepatitis B, and inactivated poliovirus [38–43], allowing the admin-
istration of multiple vaccine antigens in a single injection, leading to the induction of simul-
taneous immunity for multiple diseases [44, 45]. These combined vaccines were approved 
by the World Health Organization’s Expanded Program on Immunization (EPI) [46–48], 
which substantially reduced the number of injections required in the childhood vaccine 
schedule. Clinical studies using the DTPa-HBV-IPV/Hib hexavalent vaccine have shown 
that it is safe and effective [45, 49], and the incidence of local and systemic adverse reac-
tions was comparable to those observed after administration of single vaccines or other 
DTaP-based vaccines [50–53], always less reactogenic than the combinations using whole 
cell pertussis vaccine (DTPw) [52].
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3. Pertussis resurgence: a multifactorial problem

The preliminary clinical trials comparing DTaP with DTwP in the 1990s suggested compa-
rable efficacy and immunogenicity [54–58]. However, more recent data have shown that 
the disease is not adequately controlled and outbreaks have occurred, even in countries 
with extensive vaccine coverage [59–61]. The reasons for the apparent ineffectiveness of 
current vaccines and vaccination programs in the control of infection and transmission 
are unclear, but there are likely to be a number of factors contributing to the short-lived 
immunity after vaccination [62–64]. DTaP vaccines were licensed and recommended as 
a booster in the USA in 1992 and introduced as primary immunization in newborns in 
1997. Currently, even with 95% vaccine coverage in newborns and use of booster dose in 
adolescents, pertussis is the least immunopreventable disease, with the highest incidence 
rates already reported in the post-vaccination era [65]. Possible reasons for the resurgence 
of pertussis include a reduction in vaccine efficacy, with rapid waning immunity, improve-
ment in the epidemiological surveillance and diagnostic methods, and genetic changes in 
the pathogen [66].

DTaP vaccination induces excellent, but not durable, immune response [67–69]. The higher 
antigenic load of the wPs may explain the epidemiological evidence that supports the longer 
lasting protection induced by these vaccines, in relation to the aPs. Potentially protective anti-
gens may be absent or may be in insufficient quantity in the aP formulations, or may exhibit 
poor cross-match with antigens present in the circulating bacterial strains [70]. The immunity 
conferred by DTaP drops every year after the fifth dose, so that 5 years after the last dose the 
probability of a child vaccinated with this vaccine to acquire the disease is four to fifteen times 
greater than that after the initial doses [63, 64, 71, 72], and 80% of these children are no longer 
protected at the time of Tdap booster [73]. The efficacy conferred by Tdap was 75.3% in a per-
tussis outbreak in Wisconsin in 2012, falling after 2 years to 34.5% [74].

Differences between wP and aP vaccines, related to its antigenic load and presentation of 
antigens to antigen presenting cells, lead to a different balance of Th1/Th2/Th17 response. 
The role of Th1 and Th17 cells has been demonstrated in the protective immunity induced by 
B. pertussis infection or immunization with wP, and on the other hand, immunization with 
an aP vaccine administered with alum as adjuvant induced Th2 and Th17 cells, but poor Th1 
response [75]. The multiple virulence factors of B. pertussis, many of them efficiently main-
tained in the wP vaccines, presuppose a better stimulation of innate immunity, leading to the 
generation of effective Th1/Th17-skewed adaptive immunity [76].

The probability of contracting the disease of humans primed with DTwP is lower than those 
primed with DTaP [62, 63, 68, 69]. Adolescents vaccinated with three doses of DTaP were 
3.3 times more likely to contract pertussis than children vaccinated only with DTwP [46, 62]. 
These data were recently confirmed in baboons, an animal model that reproduces the char-
acteristics of human infection [77–79]. Baboons immunized with DTaP and challenged with 
a clinical isolate of B. pertussis are heavily colonized and do not control the infection until 
4–5 weeks, transmitting the bacteria to naive animals. Those vaccinated with DTwP are colo-
nized, but without leukocytosis, and control the infection in 2–3 weeks, faster than those not 
previously vaccinated [78].
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There is evidence that circulating strains of B. pertussis are evolving to evade the vaccine-
conferred immunity [80]. In fact, pertactin-deficient B. pertussis strains were identified in 
85% of the isolates obtained from eight US states between 2011 and 2013 [81]. These samples 
emerged rapidly and did not express the PRN contained in the DTaP vaccine, and suggesting 
selective advantage, individuals previously vaccinated against pertussis had higher chance of 
infection with the PRN-deficient strains than with the strain expressing that protein [82–85]. 
Besides that, an increase in the incidence of vaccine alleles of B. pertussis could also suggest an 
evolutionary epitope-mediated vaccine pressure [86–89], contributing to the reemergence of 
pertussis in humans, and in this sense, it is also not clear how the B. parapertussis can answer 
to the selective pressure exerted by large-scale vaccination against B. pertussis.

Although highly effective in reducing the incidence of pertussis infections, the acellular per-
tussis vaccines have little or no efficacy against B. parapertussis [17, 90, 91]. Some authors have 
postulated that vaccination with aPs can interfere with the “clearance” of B. parapertussis, 
facilitating the adaptive performance of this pathogen, which could lead to the emergence 
of more susceptible hosts to B. parapertussis infection [92]. Accordingly, a gradual increase in 
the prevalence of B. parapertussis has been observed as a result of epidemiological pertussis 
immunization with vaccines that are less protective against B. parapertussis than the natural 
infection with B. pertussis [93]. Similar to the serum specificity observed in other infectious 
diseases, pertussis vaccines may have led to epidemiological pressure, with an increase in the 
prevalence of B. parapertussis. Since the differential diagnosis would not affect clinical proce-
dures, the vast majority of pertussis studies are not directed to the identification of B. paraper-
tussis, which probably has led to unreported cases. However, studies aimed at the differential 
diagnosis showed that B. parapertussis comprise from 2 to 36% of the cases [94].

In August 2015, the World Health Organization published its position on pertussis vac-
cines [95], in an attempt to provide substantiated information for immunization and public 
health programs, in a document that replaces the previous one published in 2010 [35]. The 
main goal of this position paper was to guide the choice of pertussis vaccines—wP or aP—to 
the most current strategies to reduce the risk of pertussis in infants and young children. In this 
document, it was established that the goal to be achieved in all countries is the maintenance 
of high vaccination coverage (higher than 90%). High levels of safety and protection can be 
obtained by the wP and the aP vaccines, after the primary series of immunization with three 
doses, ideally completed by the sixth month of life (Table 1). However, although systemic and 
local reactions are more commonly associated with wP, the duration of protection conferred 
by these vaccines is longer [96–98]. The pertussis vaccination schedule should maintain pro-
tection for at least six years in countries using wP, but the protection may suffer a marked 
decline before the age of six years when aP is used (Table 1) [95]. Vaccination of pregnant 
women has been recommended by WHO as the best strategy for disease prevention in infants 
too young to be vaccinated or with incomplete immunization schedule, and the change from 
wP to aP in primary immunization should only be considered in countries that are able to 
maintain a schedule with periodic reinforcement and sustainable maternal immunization. 
If this is not the case, immunization with wP should be maintained and in national programs 
using aP, consideration should be given to the introduction of additional booster doses in 
the case of pertussis reemergence [95]. The production cost of the aP vaccine is considerably 
higher than that of the wP (difference of more than 5 US$ per dose with PAHO’s revolving 
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fund price), which has a direct implication in health systems, especially in underdeveloped 
and developing countries.

Considering cost-effectiveness in the implementation of national vaccination programs, some 
authors have pointed out questions about the possibility of reintroduction of wP vaccines into 
the primary doses of pertussis vaccination [76, 99, 100], which could again lead to the prob-
lems with the reactogenicity of these vaccines.

4. Back to the past: whole cell pertussis vaccine as a new alternative

In Brazil, mandatory notification of all outbreaks began in 1975 when the pertussis entered 
the list of notifiable diseases. In the early 1980s, more than 40,000 cases were reported 
per year, with an incidence rate >30/100,000 inhabitants. With the introduction of the DTP 
vaccine in the Brazilian scheme of childhood vaccination in 1983, this number fell sharply 
[101]. In 2002, the first three doses of the DTwP were replaced by the tetravalent vaccine 
DTwP + H. influenzae type B (DTwP-Hib), that in 2012 was replaced by the pentavalent 
DTwP + H. influenzae type B + hepatitis B (DTwP-Hib-HBV). The first three doses of the pen-
tavalent vaccine are administered at 2, 4, and 6 months of age, followed by DTwP booster 
at 15 and 48 months of age. DTaP vaccine is recommended for children at increased risk 
of developing or who have developed severe adverse events to the DTwP, and the vaccine 
is available at the Special Immunobiological Reference Centers. After 2014 the Brazilian 
National Immunization Program began to offer Tdap to pregnant women [102]. Despite 
the high vaccination coverage (>95%) since 2011, a significant increase in the number of 
reported cases of pertussis in Brazil has been observed, with an incidence rate in 2013 of 
14,058 confirmed cases/100,000 in infants under one year of age, the majority of cases and 
deaths in unvaccinated children younger than 4 months old [103].

The Butantan Institute in São Paulo, Brazil, produces DTwP vaccine since 1953. Currently, 
more than 90% of Brazilian children are vaccinated at the age of 2/4/6 and 15 months life, 

Balance of benefits and costs Acellular pertussis vaccine (aP) Whole cell pertussis vaccine (wP)

Quality of evidence for benefits Highly effective Highly effective

Intervention effects • Primary series reduces the risk of 
 severe pertussis

• Lower incidence of adverse reactions 
than with wP vaccine [96, 97]

• Primary series reduces the risk of 
severe pertussis

• Primary series not associated with 
serious adverse effects

Duration of protection • May decline before 6 years • At least 6 years

• Longer than that induced by aP [98]

Resource implications • Significantly more expensive than the 
wP vaccine

• Significantly less expensive than 
the aP vaccine

Table 1. WHO evidences to pertussis vaccines [95].
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which are about 250 million doses annually. Over the past 20 years, the Institute has been 
investigating new pertussis vaccines, less reactogenic and at low cost [104].

Although effective, wP vaccines contain a significant amount of lipooligosaccharide (LOS), 
an endotoxin of Gram-negative outer membrane that may be involved in the local and sys-
temic adverse vaccine reactions. The introduction of procedures that increase the safety of 
wP vaccines maintaining its effectiveness remains a very important aspect, especially for 
developing countries that do not have access to currently available aP vaccines. In this sense, 
a whole cell pertussis vaccine was developed with low endotoxicity (Plow) obtained by chem-
ical extraction of the LOS fraction from the outer membrane of the bacterial cell [105]. This 
vaccine was evaluated as DTwP vaccine, combined with tetanus and diphtheria toxoids in 
a Phase I field trial in infants, showing to be less reactogenic and equally immunogenic and 
protective as the traditional DTP vaccine [106].

Many developed countries using acellular pertussis vaccines in infancy have introduced a 
booster dose for adolescents [107], preventing the carrier state, an attempt to block the spread 
of the disease to infants not immunized or with incomplete immunization schedule. Due to its 
low reactogenicity, the Plow vaccine may possibly be introduced into the vaccination sched-
ule for immunization of adolescents and young adults in Brazil, an important epidemiological 
contribution to reducing the circulation of B. pertussis.

Preliminary studies in our laboratory have shown that the Plow is able to protect mice against 
B. parapertussis (unpublished data), suggesting an important role in the control of this pathogen, 
which has not been reached by vaccination with acellular pertussis vaccines [17, 90, 91, 108, 109].

The cost to produce the Plow vaccine is the same as the conventional whole cell pertussis 
vaccine, which makes its use feasible in developing countries, such as Brazil [89, 110], as an 
alternative for use in different strategies for the control of pertussis resurgence, including vac-
cination of adolescents and adults, due to their lower reactogenicity.
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14,058 confirmed cases/100,000 in infants under one year of age, the majority of cases and 
deaths in unvaccinated children younger than 4 months old [103].
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which are about 250 million doses annually. Over the past 20 years, the Institute has been 
investigating new pertussis vaccines, less reactogenic and at low cost [104].

Although effective, wP vaccines contain a significant amount of lipooligosaccharide (LOS), 
an endotoxin of Gram-negative outer membrane that may be involved in the local and sys-
temic adverse vaccine reactions. The introduction of procedures that increase the safety of 
wP vaccines maintaining its effectiveness remains a very important aspect, especially for 
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protective as the traditional DTP vaccine [106].
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low reactogenicity, the Plow vaccine may possibly be introduced into the vaccination sched-
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contribution to reducing the circulation of B. pertussis.

Preliminary studies in our laboratory have shown that the Plow is able to protect mice against 
B. parapertussis (unpublished data), suggesting an important role in the control of this pathogen, 
which has not been reached by vaccination with acellular pertussis vaccines [17, 90, 91, 108, 109].

The cost to produce the Plow vaccine is the same as the conventional whole cell pertussis 
vaccine, which makes its use feasible in developing countries, such as Brazil [89, 110], as an 
alternative for use in different strategies for the control of pertussis resurgence, including vac-
cination of adolescents and adults, due to their lower reactogenicity.
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Abstract

This study supports the evidence that after vaccine‐related reactions, it is still possible to 
carry out the immunization protocol.

Out of more than 1000 patients per year evaluated for potential vaccine‐related risks 
(patients with chronic/serious diseases and events connected with vaccination), 76 (6%) 
presented previous vaccine adverse events (VAEs). The decision about whether to con‐
tinue child vaccination is made evaluating different factors: absence of specific contrain‐
dications, parents’ counseling, adequate hospital setting, choice of an appropriate and 
individualized schedule. None of the 76 children vaccinated after VAEs presented further 
side effects.

Our data demonstrate that VAE is not a recurring event. The real risk of a new VAE is 
mostly associated with the serious allergic reactions (IgE‐mediated anaphylaxis) and par‐
ents should be aware of this information, so that the widespread fear of VAE recurrence 
can be contained. Indeed, this type of concerns represents one of the main reasons for 
vaccination hesitancy, which leads to incomplete vaccination schedules.

Conclusions: This chapter encourages clinicians to take advantage of the available VAE 
assessment algorithms to objectively evaluate real vaccine risk of VAE and provide par‐
ents with correct information, considering that VAEs are rare and severe reactions are 
extremely rare.

Keywords: vaccine, adverse event, side effect, re‐vaccination, causality assessment, VAE
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1. Introduction

A vaccine adverse event (VAE), also referred to as an adverse event following immunization, 
has been defined as “a medical incident that takes place after immunization, causes concern 
and is believed to be caused by the immunization” [1, 2]. These events are individual reac‐
tions usually induced by a direct effect of the vaccine or one of its components and are related 
with underlying medical conditions or idiosyncratic responses of the recipient. The adverse 
event may be any unfavorable or unintended sign, abnormal laboratory finding, symptom, 
or disease [3]. However, any untoward medical occurrence, which follows immunization and 
which does not necessarily have a causal relationship with the administration of the vaccine, 
is considered as VAE. These include also those conditions that would have occurred later on 
in life but are triggered earlier by the vaccination, like febrile seizures.

The adverse event may be a true adverse reaction that is induced by the vaccine, or may be 
caused by the way it is administered. Some events result from inappropriate practices, such 
as wrong dose, route, site or technique of administration, inappropriate intervals, incorrect 
preparation or amount of diluent, contamination, wrong storage, or ignored contraindications.

Other VAEs may be coincidental and would have occurred regardless of vaccination. These 
are purely temporally associated, because vaccines in children are given at an age when they 
are susceptible to many diseases. When a VAE is coincidental, the event would have occurred 
even if the individual had not been immunized. Sudden infant death syndrome (SIDS), for 
example, is an event clearly unrelated to vaccination; however, serious clinical events may be 
blamed to the vaccine by parents or community because of its close temporal association with 
immunization, especially if the vaccinated individual was previously healthy.

A vaccine safety surveillance program named Vaccine Adverse Event Reporting System 
(VAERS), run by the Center of Diseases Control and Prevention and Food and Drug Adminis‐
tration, has been instituted in 1990 in the US to collect information about VAEs [4]. In 1999, the 
World Health Organization (WHO) established the Global Advisory Committee of Vaccine Safety 
to respond promptly, efficiently, and with scientific rigor to vaccine safety issues of potential 
global importance. The last committee report edited on December 2015 is published and avail‐
able online [5].

The main concern for both clinicians and people is to be able to distinguish between a 
real VAE and another health problem that is just temporally coincidental and not related 
to vaccination. This is particularly true in our era of vaccine skepticism: due to parents’ 
frequent hesitation or outright refusal to accept some or all of the recommended vaccines, 
vaccination coverage is progressively decreasing [6]. The main reasons why people refuse 
vaccinations include ignorance about how vaccines work, which leads to an inappropriate 
criticism due to misunderstandings [7], and the negative influence by the media about vac‐
cination safety and efficacy [8]. Whatever the cause, VAEs can upset people to the point of 
refusing further vaccination for their children [9].

Vaccines168

To correctly interpret VAEs, the following characteristics need to be evaluated: the time cor‐
relation between vaccination and symptoms, the general health conditions of the subjects, and 
in particular their predisposition to allergies, and the known correlations between specific 
vaccines and clinical manifestations. In 2013, WHO edited the “User Manual for the revised 
classification on Causality assessment of adverse events following immunizations,” a guide 
to a systematic and standardized causality assessment process for VAEs [10]. The manual 
suggests to adopt a systematic approach considering both the population (i.e., statistical 
strength of association between vaccine and VAE, biological plausibility, and coherence of the 
association) and the individual (i.e., relationship between vaccine and VAE, clinical and/or 
laboratory proof of the association, and exclusion of alternative explanations) levels. Recently, 
some authors have proposed other “causality assessment schemes” to help clinicians distin‐
guish between VAEs whose association with the vaccination is consistent, indeterminate, or  
inconsistent [11].

1.1. Kinds of VAEs

The most typical and worrisome VAEs are allergic reactions, since reactions to the next dose 
of the same vaccine may be more immediate and severe than the first one, sometimes also 
life threatening [12]. Immediate allergic reactions are the most severe. These are relatively 
easy to identify because they are IgE‐mediated and can be detected either by skin prick tests 
(SPTs) or in vitro by specific IgE assay [13]. One of the most serious VAEs is anaphylaxis, 
which could have life‐threatening features: circulatory failure (altered level of conscious‐
ness, low blood pressure, weakness or absence of peripheral pulses, cold extremities due 
by reduced peripheral circulation, flushed face, and increased perspiration), with or with‐
out respiratory difficulties (bronchospasm and/or laryngospasm/laryngeal edema), nor‐
mally with rapid onset (minutes), an unpredictable clinical course, and variable severity. 
Over 80–90% of anaphylaxis also presented skin and mucous membrane manifestations. 
Diagnosis of anaphylaxis is supported by the presence, following administration of a vac‐
cine to a healthy recipient, of two or more of the above system signs and symptoms, which 
occur with a rapid onset. Anaphylactic reactions to vaccines are extremely rare but have the 
potential to be fatal.

It should be highlighted that the incidence of severe allergic reactions is very low, ranging 
between 0.5 and one cases/100,000 doses [14]. Currently, in Australia and US, anaphylaxis and 
encephalopathy are the only conditions determining absolute contraindication to revaccina‐
tion with the suspect vaccine [15, 16]. Allergic children can also be at risk of reactions against 
non‐active vaccine components, such as eggs/gelatin/antibiotics. Schemes with recommenda‐
tions for vaccination of such allergic children have been developed [17].

A kind of VAEs that are particularly worrisome for parents is hypotonia‐hyporesponsiveness 
episode (HHE), which is characterized by the sudden onset of pallor or cyanosis, decreased 
level or loss of responsiveness, and decreased level of muscle tone, occurring within 48 h 
of vaccination, normally transient and self‐limiting. These episodes have been described to 
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episode (HHE), which is characterized by the sudden onset of pallor or cyanosis, decreased 
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occur after vaccination with hexavalent vaccine and are considered to be related to the per‐
tussis component [18]. A review of Canadian tertiary‐care hospitals has shown that HHE 
accounts for less than five cases per 100,000 admissions to hospitalization, the majority of 
whom are discharged within 24 h [19]. Current evidences do not suggest that HHEs are asso‐
ciated with long‐term morbidity or mortality.

Febrile seizures are among VAEs of particular parents’ concern. However, febrile seizures 
are relatively common in children between 6 months and 5 years, and are more frequent in 
subjects with familiar and/or individual predisposition.

Other systemic reactions are fever, malaise, myalgia, irritability, headache, and loss of appetite. 
Inconsolable continuous crying lasting at least 3 h accompanied by high‐pitched screaming 
can occur. The arthralgia usually including the small peripheral joints is infrequent but can be 
persistent lasting longer than 10 days. Rarely rubella vaccine can cause an acute arthropathy 
that lasts 10 days. Guillain‐Barrè syndrome (GBS): acute onset of rapidly progressive, ascend‐
ing, symmetrical flaccid paralysis, without fever and with sensory loss could occur after 30–60 
days after immunization. Encephalopathy/encephalitis occurs within 72 h to 4 weeks after vac‐
cination, as an acute onset of seizures or severe alternation in the level of consciousness and/
or distinct change in behavior lasting 1 day or more. Idiopathic thrombocytopenic purpura 
(ITP) often follows measles vaccines. The timing and severity of these systemic reactions varies 
according to the characteristics of the vaccine received, the age of the recipient, and the indi‐
vidual biological response to each vaccine: it can start within a few hours to several days after 
vaccine.

A different kind of VAEs is represented by local reactions. These are frequently reported as 
“hypersensitivity reactions”: pain, swelling, or redness at the site of injection usually starting 
within a few hours are generally mild and self‐limiting. These are not allergic reactions, but 
may be due to a direct effect of the vaccine product, or be related to a higher antibody titers. 
Also, errors in vaccine preparation, in handling, or administration can cause local adverse 
effects, as purulence, inflammation, and positive Gram stain culture. Nodules at the injection 
site are relatively frequent and are constituted by a small well‐defined mass or a lump at the 
injection site, which are indicated as a subcutaneous nodule, antigen cysts, or granulomas, 
in the absence of abscess formation, erythema, and warmth. Local reactions are generally 
of moderate entity but can be significant at times, making parents and patients antonyms to 
revaccination. Local reactions are commonly observed following tetanus, pertussis, and diph‐
theria vaccine: reports demonstrated that the rate and severity increase with booster com‐
pared with primary doses of these antigens [20–25].

Another event that often occurs after vaccination is fainting. It is considered a vasovagal 
response and usually takes place in older children and adolescents who are prone to this kind 
of reaction. It is not considered to be a serious reaction and never represents a contraindica‐
tion to continue vaccination schedule. Canadians have proposed immunization guidelines on 
pain mitigation to help clinicians to prevent the aforementioned situations [26].

In our vaccine unit at the Bambino Gesù Pediatric Hospital in Rome, we visit about 1000 
patients per year and we evaluate those who have one or more risk factors for vaccination. 
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About 6% of patients at risk for vaccination has a history of VAE. The decision on the oppor‐
tunity to continue the vaccination schedule is made upon the evaluation of various factors. 
In case specific contraindications are not highlighted, we administer vaccines following a 
patient‐individualized schedule.

Here, we present the results of the analysis of data on patients with history of VAEs that came 
to our attention between September 2014 and February 2016.

2. Materials and methods

We included in our analysis all children who have been vaccinated at the Vaccine Unit of 
Bambino Gesù Children Hospital from September 10, 2014, until February 18, 2016. On a total 
of 1367 enrolled subjects, 76 children (6%) came to our unit with a previous history of one or 
more VAEs. In case of more than one VAEs, these were classified as “main event” and “sec‐
ondary event” depending on the severity of reported symptoms.

We recorded patients’ familial and personal history, predisposition to allergies, time correla‐
tion between vaccine administration and VAE, severity of referred VAE (i.e., grade 1: mild; 
grade 2: moderate; grade 3: severe), if the previous VAE has caused hospitalization, VAE 
duration, and sequela of the previous VAE.

Based on this general evaluation, we decided whether patients could continue to be vacci‐
nated or not. For those who were, we created a personalized vaccine schedule and provided 
them with a vaccination follow‐up plan in our unit.

3. Results

3.1. Previous, referred VAE

Patients’ characteristic: The median age of the 76 patients affected by a previous VAE was 3.9 
± 4 years.

VAEs type: The most common was urticaria/angioedema, which was referred by 31 out of 
76 patients (41%). Other common VAEs were hypotonia/sleepiness (11 patients = 14%), local 
symptoms (7 patients = 9%), high fever (6 patients = 8%), and low fever (5 patients = 7%). 
In our sample, seizures were relatively rare (3 patients = 4%). Anaphylaxis, the most severe 
VAE, was referred only by 1 patient after hexavalent vaccine administration. Guillain‐Barrè 
syndrome, another severe adverse event, was referred by 1 patient after mumps, measles, and 
rubella (MMR) vaccine (Table 1). Sixteen patients (21%) reported positive personal and/or 
familiar history regarding allergies. In all cases, the referred VAE was supposedly of allergic 
nature and the patient or his/her parents were allergic.

VAEs entity: The main referred VAE was classified as mild in 13 out of 76 patients (17%), mod‐
erate in 54 (71%), and severe in 9 (12%) patients. The mean time interval between vaccination 
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N reported events % on reported eventsa % on observed patientsb

Primary event

Local symptoms 7 9 0.5

Unusual crying 3 4 0.2

Urticaria/angioedema 31 41 2.3

Fever >40.5 6 8 0.4

Fever 38–40 5 7 0.4

Hypotonia/hyporesponsiveness 11 14 0.8

Seizures within 72 h 3 4 0.2

Guillain‐Barrè within 6 weeks 1 1 0.1

Purpura 3 4 0.2

Neurological symptoms other than 
seizures

3 4 0.2

Anaphylaxis 1 1 0.1

Gastrointestinal symptoms 1 1 0.1

hypothermia 1 1 0.1

Concomitant event

None 62 82 4.5

Local symptoms 2 3 0.1

Unusual crying 1 1 0.1

Urticaria/angioedema 1 1 0.1

Fever >40.5 2 3 0.1

Fever 38–40 4 5 0.3

Hypotonia/hyporesponsiveness 1 1 0.1

Seizures within 72 h 2 3 0.1

Gastrointestinal symptoms 1 1 0.1

VAEs characteristics

Severity grade 1 13 17

Severity grade 2 54 71

Severity grade 3 9 12

Time interval Mean, ±SD 26 h 72 h

Time interval Median, range 6 h 10 min to 480 h

VAE duration Mean, ±SD 82 h 189 h

VAE duration Median, range 48 h 30 min to 24 h

N. hospitalization 19 25
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and referred VAE was 26 ± 72 h. The mean duration of referred VAE was 82 ± 189 h. The longest 
referred VAEs were obviously Guillain‐Barrè syndrome, which lasted 60 days. Nineteen out of 
76 patients (25%) had been hospitalized after the previous VAE. No patient reported perma‐
nent sequela after the referred VAE (Table 1).

Correlation between specific vaccine(s) and kind of VAE: We found that the coadministration of 
hexavalent and PCV13 is the most commonly reported VAE (47 patients, 62.7%), followed 
by hexavalent alone (7 patients, 9%), MMR (5 patients, 6.7%), and DTaP (4 patients, 5%) 
(Table 2).

Type of reaction caused by specific vaccine(s): Coadministration of hexavalent and PCV 13 was 
most commonly associated with urticaria/angioedema (21 patients) and hypotonia/hypore‐
sponsiveness (8 patients). Administration of hexavalent alone was associated with various 
kinds of VAE (hypotonia/hyporesponsiveness, local symptoms, urticaria/angioedema, fever 
>40.5 grades, anaphylaxis, and fever 38–40 grades). MMR administration was associated 
with urticaria/angioedema, fever 38–40 grades, fever >40.5 grades, and Guillain‐Barrè syn‐
drome. DTaP administration was followed by local symptoms in 2 patients, and irritability 
or urticaria/angioedema in 1 patient each (Table 2).

N reported events % on reported eventsa % on observed patientsb

N. vaccinated that reported 
sequelae

0 ‐

N. positive familiar history for 
VAEs

16 21

aPercentage of events with respect to the number of patients with VAE (n. 76).
bPercentage of events with respect to the observed at‐risk patients (n. 1367).

Table 1. List of characteristics and types of VAEs.

Type of reaction Hexavalen DTaP/
IPV

Hex+PCV PCV13 MenB MMR Var MeC 
cayw

Flu HPV tot

Local symptoms 1 2 4 1 1 ‐ ‐ ‐ ‐ ‐ 9

Unusual crying ‐ ‐ 4 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 4

Urticaria/
angioedema

1 1 21 ‐ 2 3 1 3 ‐ ‐ 32

Fever >4.5 1 ‐ 6 ‐ ‐ ‐ ‐ ‐ 1 ‐ 8

Fever 3 ‐ 5 ‐ ‐ 1 ‐ ‐ ‐ ‐ 9

Hypotonia/
hyporesponsiveness

1 ‐ 9 ‐ ‐ 1 ‐ ‐ ‐ 1 12

Seizures within 72 h ‐ ‐ 4 ‐ ‐ ‐ ‐ ‐ 1 ‐ 5

Guillain‐Barré 
within 6 weeks

‐ ‐ ‐ ‐ ‐ 1 ‐ ‐ ‐ ‐ 1
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3.2. Revaccination in Bambino Gesù Children Hospital

All patients that came to our unit with a history of VAE were evaluated for eligibility to con‐
tinue the vaccination schedule or to be revaccinated with further dose of the same vaccine. 
Out of the total number of 76 patients, 31 (41%) patients described a VAE of suspected allergic 
origin (i.e., urticaria/angioedema, anaphylaxis). Our approach to revaccination in patients that 
referred VAEs of suspected allergic nature is summarized in Table 3. All of these 31 patients 
underwent a skin prick test before revaccination with the same or a different vaccine: all skin 
tests resulted negative. All patients within our sample were further vaccinated one or more 
times. None experienced adverse events again.

Type of reaction Hexavalen DTaP/
IPV

Hex+PCV PCV13 MenB MMR Var MeC 
cayw

Flu HPV tot

Purpura ‐ ‐ 1 1 ‐ ‐ ‐ 1 ‐ ‐ 3

Irritability ‐ 1 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 3

Anaphylaxis 1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1

Gastrointestinal 
symptoms

‐ ‐ 2 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 2

Hypothermia ‐ ‐ 1 ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1

Total events by 
vaccine type

8 4 59 2 3 6 1 4 2 1 90

Percentage of 
events by type

8.9 4.4 65.5 2.2 3.3 6.7 1.1 4.4 2.2 1.1 %

Table 2. Vaccine adverse events by the type of vaccine.

Type of VAE N° VAEs (%) Vaccine causing 
the referred VAE

N° Same 
vaccine

Subunit of 
the same 
vaccine

Different 
type of 
vaccine

Same vaccine 
or subunit 
+ different 
vaccine

Recurrent 
VAE

Urticaria/
angioedema

32 (42%) Hexavalent + 
PCV13

21 4 6 5 6 None

DTaP 1 0 0 1 0 None

Hexavalent 1 0 0 1 0 None

MenB 2 2 0 0 0 None

MenC 2 0 0 0 2 None

MMR 3 0 0 3 0 None

Varicella 1 0 1 0 0 None

Men ACWY + B 1 0 0 0 0 None

Anaphylaxis 1 (1%) Hexavalent 1 0 0 1 0 None

Table 3. Immunization of allergic patients with a previous VAE.
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4. Discussion

In this report, we describe our experience with patients having a history of VAE who come to 
medical attention for vaccination counseling. In agreement with literature data, our findings 
show that VAEs are not common and that severe reactions are particularly rare [27]. Our data 
also demonstrate that VAEs are not recurring events, in general. This information should be 
shared with parents and patients, since they are often worried that VAE might reappear after 
subsequent vaccination events. Indeed, this is the most common reason leading to revaccina‐
tion refusal [9] and noncompletion of vaccination schedules [28].

The only specific risk of repeated VAEs regards those of allergic nature, in particular VAEs 
that can be interpreted as acute allergic reactions (i.e., IgE‐mediated). For this reason, it is 
important to perform accurate anamnesis and SPT in patients with referred VAEs of sus‐
pected allergic nature, using particular caution with patients who exhibit positive SPT (none 
in our sample). In 2010, Fritsche et al. have accurately described a diagnostic and therapeutic 
approach toward children with suspected vaccine allergy, highlighting the important role of 
STP and exposing the desensitization criteria to be employed for revaccination [29]. Based on 
our experience, when first reactions occur at a very young age and with more than one vac‐
cine, revaccinations are best approached “step by step,” with no more than one vaccine per 
visit, even in cases of negative SPT.

Our analysis indicates that the most “reactogenic” vaccine is hexavalent coadministered with 
PCV13. This could be explained both in terms of intrinsic immunogenicity of the vaccine itself 
and/or with the young age of the patients [13]. It has also been demonstrated that infants who 
receive hexavalent plus PCV7 have almost twofold higher incidence of reactions than those 
who received each vaccine alone [30, 31].

VAEs were described to be severe by 12% of parents and patients in our sample, a surprisingly 
high number. However, we deem as important to point out that we have frequently observed 
that a large gap exists between parents’/patients’ opinion and clinical evaluation about VAEs 
severity. People are often biased against and skeptical toward vaccines, and parents tend to 
interpret any child’s symptom that appears after immunization as worrisome. This phenom‐
enon acts as a statistical bias because probably we overestimated VAEs severity.

Two of our patients came with a history of very important VAEs. The first was a 12‐year‐old 
girl who referred a history of anaphylaxis after the third dose of hexavalent vaccine. The reac‐
tion occurred 1 h after vaccination and presented with urticaria, breathing and swallowing 
difficulty, and vomiting. The patient was brought to an emergency department where she was 
treated with epinephrine, fluids, and steroids. She was discharged after 3 days of hospitaliza‐
tion, in good health conditions. She and her parents denied any history of allergy. After this 
episode, her vaccine calendar was interrupted. In our vaccine unit, she was re‐vaccinated with 
MMR, after STP with the vaccine had resulted to be negative. Although she did not experi‐
ence any VAE, she will be re‐evaluated to decide whether she can undergo re‐vaccination 
with DTaP. The second patient who referred to our center with a history of serious VAE was 
a 7‐year‐old girl with a previous history of Guillain‐Barrè syndrome, which had occurred 
after the administration of the second dose of MMR. The syndrome appeared 3 weeks after 
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Total events by 
vaccine type

8 4 59 2 3 6 1 4 2 1 90

Percentage of 
events by type

8.9 4.4 65.5 2.2 3.3 6.7 1.1 4.4 2.2 1.1 %

Table 2. Vaccine adverse events by the type of vaccine.

Type of VAE N° VAEs (%) Vaccine causing 
the referred VAE

N° Same 
vaccine

Subunit of 
the same 
vaccine

Different 
type of 
vaccine

Same vaccine 
or subunit 
+ different 
vaccine

Recurrent 
VAE

Urticaria/
angioedema

32 (42%) Hexavalent + 
PCV13

21 4 6 5 6 None

DTaP 1 0 0 1 0 None

Hexavalent 1 0 0 1 0 None

MenB 2 2 0 0 0 None

MenC 2 0 0 0 2 None

MMR 3 0 0 3 0 None

Varicella 1 0 1 0 0 None

Men ACWY + B 1 0 0 0 0 None

Anaphylaxis 1 (1%) Hexavalent 1 0 0 1 0 None

Table 3. Immunization of allergic patients with a previous VAE.
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4. Discussion

In this report, we describe our experience with patients having a history of VAE who come to 
medical attention for vaccination counseling. In agreement with literature data, our findings 
show that VAEs are not common and that severe reactions are particularly rare [27]. Our data 
also demonstrate that VAEs are not recurring events, in general. This information should be 
shared with parents and patients, since they are often worried that VAE might reappear after 
subsequent vaccination events. Indeed, this is the most common reason leading to revaccina‐
tion refusal [9] and noncompletion of vaccination schedules [28].

The only specific risk of repeated VAEs regards those of allergic nature, in particular VAEs 
that can be interpreted as acute allergic reactions (i.e., IgE‐mediated). For this reason, it is 
important to perform accurate anamnesis and SPT in patients with referred VAEs of sus‐
pected allergic nature, using particular caution with patients who exhibit positive SPT (none 
in our sample). In 2010, Fritsche et al. have accurately described a diagnostic and therapeutic 
approach toward children with suspected vaccine allergy, highlighting the important role of 
STP and exposing the desensitization criteria to be employed for revaccination [29]. Based on 
our experience, when first reactions occur at a very young age and with more than one vac‐
cine, revaccinations are best approached “step by step,” with no more than one vaccine per 
visit, even in cases of negative SPT.

Our analysis indicates that the most “reactogenic” vaccine is hexavalent coadministered with 
PCV13. This could be explained both in terms of intrinsic immunogenicity of the vaccine itself 
and/or with the young age of the patients [13]. It has also been demonstrated that infants who 
receive hexavalent plus PCV7 have almost twofold higher incidence of reactions than those 
who received each vaccine alone [30, 31].

VAEs were described to be severe by 12% of parents and patients in our sample, a surprisingly 
high number. However, we deem as important to point out that we have frequently observed 
that a large gap exists between parents’/patients’ opinion and clinical evaluation about VAEs 
severity. People are often biased against and skeptical toward vaccines, and parents tend to 
interpret any child’s symptom that appears after immunization as worrisome. This phenom‐
enon acts as a statistical bias because probably we overestimated VAEs severity.

Two of our patients came with a history of very important VAEs. The first was a 12‐year‐old 
girl who referred a history of anaphylaxis after the third dose of hexavalent vaccine. The reac‐
tion occurred 1 h after vaccination and presented with urticaria, breathing and swallowing 
difficulty, and vomiting. The patient was brought to an emergency department where she was 
treated with epinephrine, fluids, and steroids. She was discharged after 3 days of hospitaliza‐
tion, in good health conditions. She and her parents denied any history of allergy. After this 
episode, her vaccine calendar was interrupted. In our vaccine unit, she was re‐vaccinated with 
MMR, after STP with the vaccine had resulted to be negative. Although she did not experi‐
ence any VAE, she will be re‐evaluated to decide whether she can undergo re‐vaccination 
with DTaP. The second patient who referred to our center with a history of serious VAE was 
a 7‐year‐old girl with a previous history of Guillain‐Barrè syndrome, which had occurred 
after the administration of the second dose of MMR. The syndrome appeared 3 weeks after 
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vaccination with leg weakness that led to walking impossibility within a few hours. She was 
admitted to the neurology department of our hospital, where she was promptly diagnosed 
and received immunoglobulin treatment. She was discharged after a period of 20 days in 
good general condition and did not experience any sequela nor relapse of the syndrome. After 
this episode, she did not receive any other vaccine. In our unit, she was re‐vaccinated follow‐
ing the routinary vaccination calendar and did not experience any further VAE.

Recent reports discuss the classification of VAEs and clarify the correct interpretation of the 
linkage between an adverse event and previous vaccination [11]; some authors propose algo‐
rithms to assess the linkage between VAE and vaccine [32]. According to those indications, a 
VAE is defined to be caused by the immunization if it is linked to a vaccine product‐related 
reaction, a vaccine quality defect‐related reaction, an immunization error‐related reaction, 
and an immunization anxiety‐related reaction. Other VAEs are defined as indeterminately 
related with the immunization, inconsistently related with the immunization and unclassifi‐
able. WHO published a causality assessment manual in which it is possible to follow a causal‐
ity assessment checklist to clarify the linkage between events and immunizations [10]. Indian 
guidelines classify VAEs in five broad categories: programmatic error, vaccine reaction, injec‐
tion reactions, coincidental, and unknown [33]. It is particularly important to distinguish 
between VAEs that are actually related to the vaccination (i.e., caused by the vaccination, 
indeterminately related to it, programmatic error, vaccine reaction, or injection reaction) and 
others, because the second are not reproducible and do not represent a contraindication to 
re‐vaccination. Clinicians should be familiar with these differences and encourage parents 
and patients to re‐vaccination when they refer VAE of the coincidental type. Following those 
schemes, patients in our sample reported VAEs that could be interpreted as being related to 
the vaccination, such as allergic and local reactions, as well as VAEs with indeterminate rela‐
tion with the vaccination, such as fever and unusual crying. It must be empathized that the 
first group comprises VAEs that are potentially reproducible and patients who should always 
be studied before re‐vaccination (by anamnesis, physical findings, and SPT). Conversely, the 
second group includes VAEs that are rarely reproduced and patients that can almost always 
be safely re‐vaccinated. As far as our two cases of severe VAE are concerned, anaphylaxis was 
related to vaccination and Guillain‐Barrè syndrome had an indeterminate relation with it. 
Both patients were re‐vaccinated, but we considered it to be important to make SPT before re‐
vaccination of the first patient and have not administered the causative vaccine of anaphylaxis 
yet. Notably, both patients had interrupted their vaccine calendar before coming to our atten‐
tion, but re‐vaccination resulted to be safe and neither of them experienced any complication.

5. Conclusion

In conclusion, we wish to empathize the concept that a history of VAE does not necessarily 
represent a contraindication to re‐vaccination, as well as encourage clinicians to take advan‐
tage of algorithms for VAEs assessment to evaluate the risk of reproducibility. It should be 
underlined that no classification provides certain proof in favor or against the existence of 
an association between an event and an immunization. Nevertheless, they provide valuable 
assistance to clinicians in the determination of the level of likelihood of specific associations. 

Vaccines176

To maintain public confidence in vaccines, it is important that advanced immunization pro‐
grams include pre‐ and postvaccination counseling for subjects at risk [34, 35].

In Italy, VAEs surveillance is mandatory and spontaneous reports of Adverse Events Following 
Immunization (AEFI) are collected by the National Network of Pharmaco‐vigilance, which 
includes the Italian Medicine Agency, the 20 regions and autonomous provinces of Trento and 
Bolzano, 204 local health units, 112 hospitals, 38 research institutes, and 561 pharmaceutical 
industries [36]. Every clinician and vaccine service should contribute to this surveillance and 
have access to all required data for accurate counseling to parents and patients, and to reas‐
sure them about the safety and importance of vaccines. In this era of widespread skepticism 
about vaccines, easily accessible as well as rigorous counseling is required more than ever.
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Glossary

VAE: any medical incident that takes place after immunization and is believed to be caused by 
the immunization itself. It is considered any unfavorable or unintended sign, and any abnor‐
mal laboratory finding, symptom, or disease

Causality assessment: linkage between a medical incident and a vaccine. Many authors have 
proposed causality assessment schemes that can be applied to help clinicians distinguish 
between events whose association with the vaccination is consistent, indeterminate, or 
inconsistent

Event caused by the immunization: an event that is attributable to a vaccine product‐related reac‐
tion, a vaccine quality defect‐related reaction, an immunization error‐related reaction, and an 
immunization anxiety‐related reaction

Coincidental adverse event: medical event that occurs after immunization but it is not caused 
by immunization itself, and would have occurred independently from the vaccination. In the 
case of coincidental adverse events, the relation between event and vaccine is only temporally

Temporal association: time interval between the vaccination and the adverse event. Temporal 
association is independent from causality and events that are temporally associated with vac‐
cines that may or may not be caused by the vaccines

Serious VAE: any VAE that causes a potential risk to the life/health of the recipient, that leads 
to hospitalization, and that causes disability/incapacity/congenital anomaly or birth defect.

Minor VAE: an event that is not serious and has no potential risk to the health of the recipient 
of the vaccine
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re‐vaccination. Clinicians should be familiar with these differences and encourage parents 
and patients to re‐vaccination when they refer VAE of the coincidental type. Following those 
schemes, patients in our sample reported VAEs that could be interpreted as being related to 
the vaccination, such as allergic and local reactions, as well as VAEs with indeterminate rela‐
tion with the vaccination, such as fever and unusual crying. It must be empathized that the 
first group comprises VAEs that are potentially reproducible and patients who should always 
be studied before re‐vaccination (by anamnesis, physical findings, and SPT). Conversely, the 
second group includes VAEs that are rarely reproduced and patients that can almost always 
be safely re‐vaccinated. As far as our two cases of severe VAE are concerned, anaphylaxis was 
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vaccination of the first patient and have not administered the causative vaccine of anaphylaxis 
yet. Notably, both patients had interrupted their vaccine calendar before coming to our atten‐
tion, but re‐vaccination resulted to be safe and neither of them experienced any complication.
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In conclusion, we wish to empathize the concept that a history of VAE does not necessarily 
represent a contraindication to re‐vaccination, as well as encourage clinicians to take advan‐
tage of algorithms for VAEs assessment to evaluate the risk of reproducibility. It should be 
underlined that no classification provides certain proof in favor or against the existence of 
an association between an event and an immunization. Nevertheless, they provide valuable 
assistance to clinicians in the determination of the level of likelihood of specific associations. 
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industries [36]. Every clinician and vaccine service should contribute to this surveillance and 
have access to all required data for accurate counseling to parents and patients, and to reas‐
sure them about the safety and importance of vaccines. In this era of widespread skepticism 
about vaccines, easily accessible as well as rigorous counseling is required more than ever.
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Reproducibility risk: risk that a VAE could reappear after another dose of the same/of another 
vaccine. The reproducibility risk is mostly significant for VAEs of allergic nature.

Vaccine pharmaco‐vigilance: the science of detection, assessment, understanding, and commu‐
nication of VAEs and other vaccine‐related issues

Immunization anxiety‐related reaction: an event that arises from anxiety about immunization

Immunization error‐related reaction: an event that is caused by an inappropriate vaccine han‐
dling, prescribing, or administration

Vaccine product‐related reaction: an event that is attributable to one or more properties of the 
vaccine product, whether the active component or one of the other components of the vaccine 
(adjuvants, preservatives, stabilizers)

Vaccine quality defect‐related reaction: an event that is attributable to one or more quality defects 
of the vaccine product, including defects of the administration devices
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