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Abstract

Pertussis remains a serious health problem to this day. Even though a successful
vaccine campaign reduced the morbidity rate in most countries, it still is a
present and concerning disease. The sickness is especially dangerous to infants
and young children, as it may result in serious health complications, and even
death. The aim of this study was to determine how much do young adults know
about this condition, and how often does pertussis occur within this population,
as well as within its family members. Materials and methods: data was collected
with use of an authorial survey, which was handed around a group of 201
freshmen medical students in contact, in April 2022. Results: Most of the
students possess basic knowledge regarding aetiology, routes of transmission
and symptoms of pertussis, but lack information about the vaccines, treatment,
course of the disease and specific at-risk groups. Some students were diagnosed
with the condition in the past, and some have a family member diagnosed with
it sometime. Conclusion: Young adults have basic knowledge regarding
pertussis, but they should be educated about some aspects of this sickness, with
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use of social campaigns or advertisements. Only some of the people are affected
by pertussis during their life, as the disease is relatively rare in developed
countries. A possibility of getting a booster shot of pertussis vaccine should be
touted.
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INTRODUCTION

Pertussis is a bacterial disease causing an inflammation of the respiratory system, with such
conditions as tracheitis and bronchitis. It is caused by a Gram-negative coccobacillus Bordetella
pertussis. The most recognisable symptom of the illness is a “whooping cough” [1]. The sickness is
spread by the sick people, who are highly contagious [3]. The disease is dangerous especially to
infants and young children, and in some cases can be fatal, as it can lead to such complications as
pneumonia, lung damage or encephalitis [1,2]. It is important to remember that pertussis can also
affect adults, with the severity based on such factors as age, co-existing diseases, or the number of
doses of the vaccine taken (whether one took a booster shot in adulthood), and in some cases,
complications such as rib fracture or hernia are possible [1]. Due to effective vaccination of the
population, started in the 1960s', the sickness remained under control for a long time. In recent years,
according to the Polish National Institute of Public Health/National Institute of Hygiene, there can be
observed fluctuations in the number of cases of pertussis in Poland. The rising anti-vax movement, as
well as the income of the immigrants, which are often not vaccinated (because there might occur
difficulties with the vaccination process, e.g. in Ukraine [4]) are some of the factors responsible for
the growth of the sickness rate. The aim of this study was to check whether young adults know basic
facts about pertussis, which are crucial to avoid this disease and proceed correctly if they get infected,
and to determine the amount of people who have been affected by this disease in the past, or had their
family member struggling with it.

MATERIALS AND METHODS

Research group consisted of one hundred ninety-nine freshmen students of medicine, from the
Medical University of Lublin in Poland. Within this number, there were one hundred twenty-six
women and seventy-three men. The age distribution ranged from eighteen to twenty-five years old,
with the average age of 19,9. The majority of the students were either nineteen or twenty years old.
The data for this study was collected in contact, with the use of an auctorial survey, which was
presented to the research group in April 2022.

RESULTS

There were gathered at least one representative from almost every Polish voivodeship (excluding
Kuyavian-Pomeranian and Opole). Most of the students came from Lublin (46%), Masovian (20%)
and Subcarpathian (16%) voivodeships. The majority of the respondents hailed from cities with
populations up to one hundred thousand (34%) or up to ten thousand (22%). It is worth mentioning
that 20% of the research group lived in a city with up to half a million habitants. About 45% of the
examined group claimed to have a family member working in a job that brings the risk of getting
infected with B. pertussis.
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About 59% of the students knew that pertussis is a bacterial disease. The rest of the group considered
it as a viral (36%), parasitic (3%) or fungal (2.5%) illness. Then, 72% of the respondents stated that
the sickness can not be transmitted by animals. As mentioned before, pertussis is highly contagious,
and a sick human can spread the disease amongst the healthy population. The majority of the students
(88%) knew about the contagiousness. The next question, with the multiple choice option and
regarding the aetiology of the illness, concerned the possible ways of spreading it amongst people.
Most of the respondents picked a droplet route of infection (86%). The other routes were: blood
(21%), contact (e.g. contaminated surfaces, 16%) and inhalant (15%).

The next questions concerned the vaccine. Almost 75% of the students responded that it is mandatory
to vaccinate. Then, we asked if it is necessary to get a booster dose in adulthood, after completing the
full mandatory course of vaccination. 37% of students answered that you ought to take one booster
dose, 39% of them think that you should take multiple booster doses, whilst 25% of the research
group considers the mandatory course of vaccination enough to get a lifetime pertussis immunity. The
majority of the students (62%) claimed to be vaccinated for the disease, 8% said the opposite, and
30% did not remember whether they had the vaccine or not. Amongst the vaccinated respondents,
about half of them (52%) took a booster shot in adulthood. We also wanted to check the adults’
knowledge regarding the vaccine itself, thus we asked what diseases it immunises for, and what
antigens are used to make it. Most of the students (57.5%) knew that it provides immunisation for
pertussis, tetanus and diphtheria, 20% did not know that antigens are used to make this vaccine,
13.5% thought it protects only against pertussis, and 9% chose that the vaccine is made of pertussis
and tuberculosis antigens. Finally, we asked whether pregnant women can get vaccinated. The
majority of the respondents (69%) did not know the answer, 21% thought you can not get this vaccine
if you are pregnant, and only 11% picked that you can.

Later on, the research group were asked whether they have checked the level of pertussis antibodies in
the past. Only two of the students (1%) responded positively. Furthermore, in the next question they
had to answer what was the reason for taking this test. One student responded that she did the test
because of the suspicion of pertussis when she was younger.

The next part of the survey consisted of two questions regarding the symptoms of the disease. Firstly,
the students were asked about the characteristic (pathognomonic) symptom of pertussis. The results
are shown on Figure 1.
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Figure 1- The pathognomonic symptom of pertussis.
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Next, the respondents had to pick multiple general symptoms of the sickness from the list. The
percentage of the choices is presented on Figure 2.

Figure 2- Symptoms of pertussis.
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The other question that the students had to answer concerned how much time does the disease last.
Most of the respondents chose that pertussis lasts up to two weeks (45%) or up to a month (38%). The
remaining ones picked the options “a few months” (15%) and “up to a week” (2%).
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Further on, in the survey there were included questions regarding the severe course of the sickness.
The first one was related to the mortality of pertussis. The majority (76%) of the students responded
that the disease can be fatal, 22% did not know whether one could die because of it, and 2,5% claimed
that the sickness can not be a cause of death. The next question applied to what are the at-risk groups
of people who might get the severe course of pertussis. The students could make multiple choices.
And so, the respondents picked patients with chronic diseases (45%), children up to twelve years old
(42%), infants (37%), elderly people above sixty years old (35%) and pregnant women (27%).

The next part of the survey concerned the treatment of pertussis. The research group had to decide
what drugs are used in the therapy. The majority chose antibiotics (54%), 24% picked symptomatic
treatment (antifebrile and anti-inflammatory drugs, such as paracetamol/acetaminophen or ibuprofen),
21% claimed that antiviral pharmaceuticals, such as aciclovir, are the right treatment option, and 3%
chose antifungal drugs, e.g. azoles. We also asked the respondents whether it is crucial to begin the
treatment at the right moment for the therapy to succeed, or not. About 80% of our research group
answered that delaying the start of the treatment might cause the appearance of health complications,
10% claimed that it does not matter when the therapy starts, as it always succeeds, and 10% stated
that being on medications makes no odds to the treatment of pertussis. The final question regarding
the therapy concerned hospitalisation. Half of the respondents answered that it is not mandatory to put
infected patients away in the hospital, but in some cases, there might be a need to do so. The rest of
the students claimed that each patient with pertussis has to be hospitalised on the isolation ward (34%),
or did not know the answer to this question (16%).

The last part of the survey consisted of personal questions. The first one regarded whether the
respondent had ever been diagnosed with pertussis. Only 2% of the research group answered
positively. The other question determined how many of our respondents have a family member that
has been diagnosed with the sickness in the past. Six people (3%) claimed to have such a person in
their family. Amongst them, 50% were not vaccinated, 33% were, and 17% did not know if the
member took the vaccine.

DISCUSSION

Nowadays, people often treat pertussis as a bygone problem. This is not the right attitude, as the
disease is still present in our lives. The introduction of the vaccines decreased the yearly number of
cases of the sickness. For example, in Canada, in 1942 the incidence rate of pertussis totaled almost
160 per 100 000 population, whereas in 2015- less than 20 per 100 000 population [5]. However, this
does not mean that the disease is gone. According to the Polish National Institute of Public
Health/National Institute of Hygiene, in 2018 the morbidity rate of pertussis in Poland equaled 4,03
per 100 000 population. In 2020, the same rate shrank down to 1,94 per 100 000 population, and in
2021 was even lower- 0,47 per 100 000 population. In comparison, according to the European Centre
for Disease Prevention and Control (ECDC), in 2018 the incidence rate of pertussis totaled 15.1 per
100 000 population in Germany, 7.1 per 100 000 population in Czechia (Czech Republic), and 6,9 per
100 000 population in Slovakia [6]. This shows that the Polish rate is relatively lower than the ones of
the neighbouring countries.

Working in some jobs brings risk of B. pertussis infection, and therefore people who operate in these
jobs are considered an at-risk group of pertussis. The best example of such an occupation is the health
care system. In the study of Ozer et al., about 21% of the examined group (paediatric hospital
employees) had a high level of anti-pertussis IgG antibodies, suggesting recent infection [7]. The
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other work that has a high pertussis infection risk is teaching. The disease often appears as a school
outbreak within students’ population, thus teachers are at risk of being infected too. Such an outbreak
is described in the paper of 7essier et al., and took place in the first quarter of 2019 in the United
Kingdom [8]. In our study, almost every second respondent claimed to have a family member
working in a job that can be classified as an at-risk group of B. pertussis infection.

Pertussis is caused by an aerobic Gram-negative rod called Bordetella pertussis. Its main virulence
factors are: filamentous hemagglutinin (FHA), pertussis toxin (PT), pertactin (Prn), adenylate cyclase
toxin (ACT) and tracheal cytotoxin (TCT). FHA is responsible for the bacteria adherence to the
ciliated cells in the respiratory tract. PT causes an unregulated cAMP production in the infected cells,
which is also an effect of ACT activity [9,10]. The infection can be spread from other sick people
through airborne droplet transmission [11,12]. The majority of our study group evinced basic
knowledge regarding actiology, contagiousness and transmission ways of pertussis.

There are many pertussis-effective vaccines available in the world. The first one was developed in the
1940s. It was a whole-cell pertussis vaccine (wP), and it has been combined with diphtheria and
tetanus antigens (DTwP), so that it provided immunity to all three diseases. Unfortunately, it was
associated with such post-injection complications as injection site pain, fever or more serious
conditions. Thus, another vaccine was made, with the use of acellular compound and aluminium
adjuvant (aP). And so, highly-developed countries began to change the DTwP vaccine to DTaP one,
which was not as reactogenic, and had similar efficiency, according to the tests [13]. However, the
study of Versteegen et al. shows that children who received DTwP vaccine are less susceptible to the
disease throughout next years [14]. According to the Polish Vaccination Programme for 2022,
children must receive the whole-cell DTP vaccine in second, third/fourth, fifth/sixth and
sixteenth/eighteenth months of life, then the acellular DTaP vaccine in sixth year of life, an acellular
Tdap vaccine with lowered pertussis and diphtheria antigens content, and additionally a Td vaccine,
which contains of tetanus and diphtheria antigens in nineteen year of age. This is a mandatory
vaccination course in Poland. However, the rising anti-vax movement is often a cause of hesitancy, or
withdrawal of vaccinating one's child. According to the Nguyen et al. study, almost 24% of the
examined parents admitted that they were not convinced of vaccinating their child with various
vaccines [15]. Such hesitation can be dangerous to one’s children. For example, in 2014 there was a
pertussis outbreak in California, and from 222 cases of the disease, only 24% of the sick children were
vaccinated adequately to their age [16]. There are many reasons why parents do not want to vaccinate
themselves or their offspring. For example, in South Asia there can be observed lower vaccination
rate within Muslim families, than within other religions [17]. Sometimes parents are overwhelmed
with the amount of vaccinations, as their child receives many in a short time [15]. However, in case of
pertussis, multiple vaccinations are necessary to gain proper immunisation. The majority of our
students know that it is mandatory to vaccinate for pertussis in Poland, and that it is a combination
vaccine that also provides immunity for diphtheria and tetanus. Most of the respondents have been
vaccinated.

It is worth mentioning that children are not the only group that should be vaccinated. Pertussis also
affects adults, many of whom have not received the booster dose of the vaccine in their adult life. In
2017, Center for Disease Control and Prevention (CDC) revealed that only about 32% of the adults
aged more than nineteen years old have received the Tdap vaccine, and about 63% have received Td
or Tdap vaccine [18]. The symptoms of pertussis infection can be not as characteristic in adults as in
children, and thus the diagnosis process is much more difficult. The disease confirmation is also a
challenge, since the diagnostic tests are effective mainly in the first phase of pertussis, and many
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adults seek doctors’ help much later [19]. Elderly people often suffer from conditions such as chronic
obstructive pulmonary disease (COPD), asthma, diabetes and obesity, which additionally increase the
risk of the sickness [20]. The acellular vaccines are safe for adults, and only mild complications, such
as swelling, pain, nausea and vomiting might occur after the injection, and the vaccine effectively
boosts immunity to pertussis, causing the antibodies level growth [21]. The disease itself can cause
such complications as urinary incontinence, rib fractures, pneumonia and many more, therefore adults,
especially the elderly and patients with chronic diseases, should be vaccinated [22]. The current CDC-
endorsed guidelines suggest vaccinating adults every 10 years to ensure the lasting pertussis
protection [23]. Our study group’s knowledge regarding the booster dose of the vaccine is uneven, as
some students suggested that adults should receive only one booster dose, some claimed that they
should vaccinate multiple times, and some- that it is not necessary to get a booster dose, as the
immunity remains for the whole life after the mandatory course of vaccination. About half of our
students took a booster dose of the vaccine in adulthood. This correlates with the study of Maltezou et
al., where about 48% of the dental students in Greece received the booster dose [24].

Another group of people that should consider vaccinating are pregnant women. Getting a vaccine
during pregnancy very often raises concerns, but multiple studies were carried out, and it is currently
an advised approach. The American College of Obstetricians and Gynecologists recommends
vaccinating in the period from 27th to 36th week of pregnancy [25]. The newborns are the group with
the highest risk of possibly fatal complications of pertussis, and even though the vaccination of
pregnant mothers might decrease the child’s response to the first mandatory vaccines, it is still
advised to do so [26, 27]. Some studies showed that receiving a Tdap vaccine during pregnancy might
increase a risk of fever and chorioamnionitis, but nonetheless, the overall benefits eclipse the risks
[28]. In our research group, the majority of the students did not know whether pregnant women can
get vaccinated for pertussis, which shows that the awareness regarding vaccinating amongst this
group needs to be raised.

The pathognomonic symptom of pertussis is a paroxysmal cough, which occurs more often during the
night. It is called “whooping cough”, because of the sound produced during the paroxysm. During
coughing, cyanosis and vomiting may occur. Apart from this, the early symptoms of the disease are
similar to those appearing in typical upper respiratory tract infections [26]. Our respondents in large
part picked the right pathognomonic symptom, as well as the co-existing, milder symptoms.

The disease typically goes off with three stages. They are catarrhal, paroxysmal and convalescent
stages [29]. The first phase lasts up to two weeks, and is marked by mild symptoms. The paroxysmal
stage, characterised normally by “whooping cough”, can last up to ten weeks. The last, convalescent
phase, usually lasts two to three weeks, and during this time, a recovery is being made. The cough can
sometimes be persistent, and can last several months [30]. Our research group answered variously to
the question regarding how much the disease lasts.

As mentioned before, for some people pertussis might be especially dangerous, as it might lead to
serious health problems. These at-risk groups are young children (particularly infants), people with
conditions such as obesity, COPD, asthma or diabetes, and the elderly [31]. The study of He et al.
showed that patients with COVID-19 were more likely to get pertussis than the COVID-19 negative
patients [32]. This demonstrates that other infectious respiratory diseases might increase the risk of
pertussis. Some studies conducted in the past have also suggested that children who suffered from
pertussis in the past, are more likely to develop asthmatic symptoms, and are more likely to catch
respiratory infections [33]. Young children have the highest pertussis mortality rate, with estimated

347



160 700 deaths worldwide within children under 5 years old in 2014 [34]. There are some risk factors
that may cause fatal complications of the disease. According to Ski et al., these factors are low birth
weight, younger age, and some symptoms appearing during the course of the sickness, such as
cyanosis, lymphocytosis or pulmonary hypertension [35]. Children who are not vaccinated are also at
risk of severe pertussis, with the most common complication being pneumonia [36]. The other
possible complications of the disease, especially within adults, are insomnia, urinary incontinence,
apnea, rib fracture, sinusitis and otitis media [1], but there were also described cases of acute carotid
dissection [37], pneumomediastinum [38] or angioedema [39]. In our study, most of the students
knew that the disease can be a life threat, but there is a need to educate them about the at-risk groups
that are endangered to the severe pertussis.

Even though these complications are not very common, some of them can be a serious health threat,
which is why prophylaxis such as vaccines is very important. However, recent events show that there
are more factors that can help prevent the disease. From late 2019, the world has been struggling with
the COVID-19 pandemic. In most countries, protective measures were introduced, in order to
minimise the number of cases within the population. These measures included a.o. protective face
masks, sanitising hands and surfaces or keeping distance from other people. A study conducted by
Matczak et al. shows that these precautions caused a massive reduction of pertussis cases in France
[40]. The other study, conducted in England by T7essier et al. demonstrated the same outcome [41].
Furthermore, the case of COVID-19 successful vaccines showed the effectiveness of vaccines against
infectious diseases, which can help persuade more people to get vaccinated for pertussis in the future.

When sometimes prophylaxis fails, there is space for an effective treatment that can heal patients from
pertussis. In order to start the therapy, the disease confirmation is needed. The golden diagnostic
standard in this case is the bacteria culture. However,it is time-consuming as it takes some days to
complete. It is also accessible during the first two weeks of coughing. There is also another diagnosis
possibility, which includes PCR assay. It can be collected up to the fourth week of coughing. The
positive test outcome, with the typical symptoms (whooping cough, vomiting after the paroxysm)
confirms the diagnosis [42, 43]. According to the currently CDC- endorsed guidelines, sometimes if
the course of disease is suggestive, and especially if the patient is younger than 1 year old, the
treatment should begin without the test confirmation of the disease [44]. The same guidelines suggest
treating with azithromycin, clarithromycin or erythromycin. The faster the therapy begins, the better,
and if the treatment begins during the catarrhal stage, the later occurring symptoms can be milder [44].
However, these guidelines suggest using azithromycin with caution within infants younger than one
month and within patients with heart disease. A paper of Kow and Hasan implies that azithromycin
should also not be used in treating patients with COVID-19 and co-existing pertussis infection [45].
Nevertheless, azithromycin, as well as other macrolides, remain the standard treatment of pertussis
amongst younger children. Most of our respondents chose antibiotics as the right therapy, and stated
that delaying it might cause health complications, but the majority was not decisive.

As mentioned before, pertussis is a highly contagious disease, and can easily spread to healthy people.
Hospitalisation is necessary only in grave cases, especially within young children. A study conducted
by Fiasca et al. showed that between 2007 and 2018, there were 4262 children hospitalised because of
pertussis in Italy [46]. According to the CDC, about half of children younger than 1 year old need
hospitalisation [47]. The majority of our research group correctly responded that hospitalisation is not
necessary, but may be needed in some severe cases. However, it is worth mentioning that in Poland it
is mandatory to report every case of pertussis to the Main Sanitary Inspectorate.
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Nowadays, the disease is not very common in developed countries, thanks to the successful
vaccination programme. This confirms that pertussis occurrence is higher within unvaccinated
populations. In their paper, McGirr and Fisman estimated that the possibility of getting the disease is
increasing 1.33 times every year after taking the last dose of the vaccine [48]. In our study, only 2%
of the respondents have ever had pertussis diagnosed. The small morbidity rate correlates with the
high vaccination rate within the tested population. However, some of the students mentioned that the
disease was present in their family at some point, and it seems that in the majority of cases it
concerned unvaccinated people.

CONCLUSIONS

The chance of getting infected with B. pertussis in adult life is slim. However, the unvaccinated
people, as well as the ones with some comorbidities, are at-risk groups of pertussis. Young children
are the most endangered of serious health complications of the disease, which is why future parents
need to have basic knowledge regarding this condition, in order to protect their children, and in some
cases be able to recognise symptoms of the threat. This research shows that young adults know some
facts about pertussis, especially its aetiology, routes of infection and symptoms. There again, there is a
need to improve their knowledge about the treatment, the course of disease, the at-risk groups and
vaccines. In order to increase the awareness regarding pertussis, there should be organised social
campaigns or advertisements, which would educate the society. The possibility of getting a booster
dose of vaccine in adulthood should be touted. There is also a space for further studies, which would
cover the knowledge regarding the disease within other populations, such as general practitioners.
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