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Abstract
Despite the growing prevalence of legionellosis in Poland and worldwide, little is known about the 
extent of public awareness regarding the seriousness of this disease and the appropriate preventive 
measures. The aim of this work is to assess the Polish adults’ knowledge, perceptions, and beliefs 
about legionellosis and its causative agents, risk factors, exposure, and other relevant facts. Data for 
this cross-sectional study were gathered via a questionnaire that was constructed and validated by 
the study investigators before commencing the survey, which lasted from January to March 2022. 
Knowledge, attitude and practice towards legionella were measured and quantified. One-way ANOVA 
and chi square tests were used to compare between demographic variables and the level of knowledge. 
Regression analysis was conducted to examine the predictors for higher knowledge among study 
participants. A total of 251 participants with a mean age of 28.26 ± 9.6 were enrolled in the current 
study. Over two thirds (74%) were females, with higher education (62%). Older age was associated 
with less knowledge about legionellosis (B = -0.049, p < 0.001), while higher education was associated 
with more knowledge (B = 1.656, p < 0.001). No significant differences were found between genders 
(p = 0.066). A knowledge gap was present for diagnostic tests regarding legionella. On the other hand, 
knowledge about prevention procedures was quite high among study participants. This study showed 
that overall knowledge about legionellosis in Polish adults was quite low. In particular, older age groups 
and the less educated are in need of more awareness of legionellosis disease. A knowledge gap was 
particularly present regarding how the disease is diagnosed. Awareness campaigns containing simple, 
easy-to-understand information could prove useful in combating the disease.
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INTRODUCTION

 Legionellosis is an infectious disease 
caused by aerobic bacteria of the genus Legionella 
which were first detected in 1977 in Philadelphia 
in individuals suffering from pneumonia.1 Although 
the Legionella spp. natural ecological niche is 
surface water, it can also be found in a wide 
variety of settings.2 Consequently, infection can be 
spread through inhalation of aerosols containing 
bacteria through the nasopharynx.3 Infection 
with bacteria from the Legionellaceae family 
can cause Legionnaires’ disease, Pontiac fever 
or non-pulmonary legionellosis. As the disease 
symptoms are similar to those of pneumonia, 
timely diagnosis is necessary in order to initiate 
appropriate antibiotic therapy and attain cure.4

 Infections with the Legionella spp. are on 
the rise in Poland and whole Europe as indicated 
by both the Poviat Sanitary and Epidemiological 
Stations and the European Centre for Disease 
Prevention and Control data. However, these 
statistics are likely to be underestimates, as it is 
believed that many individuals do not seek medical 
assistance for this condition.5-7

 Education the society about the 
pathogen’s environments is required to improve 
risk assessment; discovery of pathogen niches and 
examination and control of cases and outbreaks. 
The substantial upsurge in the occurrence of 
reported cases of legionellosis among inhabitants, 
geographical variances in the incidence of cases, 
the pervasiveness of Legionella spp. urge the need 
to monitor the presence of these bacteria.8

 To the best knowledge of the researchers, 
there are no data about the knowledge and 
attitude regarding legionellosis, especially 
among residents in Poland. Hence, Polish 
adults’ knowledge, perceptions, and beliefs 
associated with legionellosis were explored 
through a questionnaire survey, and their 
responses were analysed with respect to 
relevant sociodemographic factors. The survey 
probed into the respondents’ knowledge of the 
general characteristics of legionellosis, as well as 
infections, their occurrence, diagnosis, treatment, 
and prevention, along with their motivation for 
immediately reporting any symptoms to the Poviat 
Sanitary and Epidemiological Stations. 

MATERIALS AND METHODS

Participants and procedure
 The data for this study were gathered 
through a diagnostic survey conducted between 
January and March 2022 using a proprietary 
questionnaire constructed before the start of 
the study. The questionnaire, printed in Polish, 
was then distributed to the population (n = 251, 
aged 18-69 years) who agreed to take part in the 
study and signed the informed consent form were 
invited to complete the questionnaire.

Reliability and validity of research instrument
 The validity was guaranteed via face 
and content by a group of specialists in nursing, 
public health and education. The reliability of 
the instrument was determined through an 
initial test which involved a diverse population 
with similar characteristics. A pilot tests were 
carried out utilizing ten adults in order to assess 
questionnaire practicability on the basis of the 
time it took to accomplish the questionnaire, the 
clarity of the questions, and to ensure accurate 
result interpretation.9 The instruments generated 
a Cronbach’s alpha of 0.73, were therefore 
considered appropriate for use in the present 
study. Data from these pilot tests were not 
included in the final study.

Instrument content and scoring
 The questionnaire, which was developed 
in the Polish language, began with a short 
introductory section encouraging eligible 
individuals to participate in the survey, followed 
by the explanation of the study aims and assurance 
of the anonymous and voluntary nature of 
participation. The next section elicited relevant 
sociodemographic information (age, gender, and 
education), while the main section was designed to 
measure the awareness, knowledge, perceptions, 
and attitudes about the study topic.

Sample size
 Open Epi Info software version 7.2 was 
used for the sample size calculations. The sample 
size was calculated using the following parameters: 
an infinite population size, 95% confidence 
interval, a power of 0.80, a margin error of 5%, 
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and an anticipated frequency of 50%, resulting in 
a sample size of 385. A total of 400 forms were 
given out. 

Study ethics
 This work was done in accordance with 
the Declaration of Helsinki.10 Ethical approval was 
demanded from the Medical University of Warsaw 
Ethical Committee; however, it was judged as not 
obligatory. Consent forms were circulated to 400 
Polish adults, and active consent was obtained 
from the participants. The respondents were 
accordingly informed that participation in the 
study was voluntary, and that their identity would 
remain anonymous, and the secrecy of their data 
was guaranteed. 

Statistical analysis
 IBM SPSS v28.0 was used for the data 
analysis. Continuous data were presented as 
mean ± standard deviation (SD), while categorical 
data was presented as number and percentage 
(%). Data normality was visually assessed using 
histograms and statistically using Shapiro test. 
Comparisons between categorical data were 
assessed using chi square test. Regression analysis 
was conducted to test the associations between 
the population characteristics and the different 
outcome variables. The main outcomes were the 
overall score of the assessment tool. The secondary 
outcomes were the items with the lowest and the 
highest score, respectively; as they were identified 
as the main limitation and strength in knowledge 
about the infection among study participants. 
Linear regression was used if the outcome variable 
was continuous; B coefficients, standard errors 
(SE) and 95% confidence intervals (95%CI) were 
obtained. Logistic regression was conducted if 
the outcome variable was binary; adjusted odds 
ratio (AOR) and 95% CI were obtained following 
binary logistic regression. P value less than 0.05 
was considered significant for all statistical tests.

RESULTS

Population characteristics
 A total of 251 participants were enrolled 
in the current study. The majority were between 
21-30 years (n = 178, 71.2%), females (n = 185, 

74%), of tertiary education or higher (n= 155, 62%). 
Detailed characteristics are present in Table 1.

Knowledge, attitude and practice towards 
legionellosis
 Table 2 shows the percentage of correct 
answers for the items assessing the participants’ 
knowledge among study participants. The 
percentage of correct answers ranged from 10.4% 
in item number 11 (What is the Legionnaires’ 
disease fatality rate without treatment?) to as 
high as 76.8% in item number 6 (How is Legionella 
spp. infection is transmitted?). These items were 
considered the main challenge and strength 
in participants’ knowledge of legionellosis, 
respectively. The overall mean score differences 
were tested using one-way ANOVA. Significant 
differences were found for age and education (p 
= 0.01 and p < 0.001, respectively). However, no 
significant difference was found between genders 
(Table 3).
 When the level of knowledge about 
legionellosis was examined against different 
characteristics of the study population (Table 4), 
no significant differences were found between 
different ages, genders or education levels. 
However, differences in knowledge about the 
sources of, diagnosis and treatment of legionellosis 
infection were identified. Participant’s knowledge 
about prevention of infection was relatively high 

Table 1. Population characteristics

Characteristic  No. Percentage

Age  (M ± SD)    28.62 ± 9.61
Age groups  
>50 17 6.8 %
41-50 13 5.2 %
31-40 32 12.8 %
21-30 178 71.2 %
≤ 20 11 4 %
Gender  
Male 65 26 %
Female 186 74 %
Education  
Elementary 3 1.2 %
Secondary 90 36 %
Higher 155 62 %
Vocational 3 1.2 %
Total  251 100 %
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compared to other knowledge areas (X2= 202.95, 
p <0.001).
 
Association between population characteristics 
and knowledge about legionellosis
 A linear regression analysis was carried 
out to assess the association between population 
characteristics and the overall score as a continuous 
variable. The overall regression model was 
significant (F = 13.15, p <0.001, R2 = 0.127). Age was 
found to be negatively associated with knowledge 
about legionellosis, with each 1-year increase in 
age correlating a decrease of 0.049 points in the 
overall score (p <0.001). Higher education was a 
significant predictor for a better understanding  of 

the disease compared to other education levels 
(B= 1.65, p <0.001). However, gender was found 
to be a non-significant factor (Table 5).
 Binary logistic regression was conducted 
to identify the predictors of correct answers for 
the previously identified strength and limitation 
in the participants’ knowledge of the disease. 
For item number 11 (What is the Legionnaires’ 
disease fatality rate without treatment?), age was 
found to be a significant predictor for more correct 
answers (AOR = 1.04, 95% CI 1.01 - 1.08). No effect 
was found for gender and education level. On the 
other hand, age showed a negative association 
(AOR = 0.95, 95% CI 0.92 – 0.98) with item no.6 
(How is Legionella spp. infection is transmitted?), 

Table 2. Respondents’ knowledge and attitudes about legionellosis

Question item No. %

1.  What is the meaning of the term legionellosis? 87 34.8
2.  To which systematic group legionellosis belongs? 163 65.2
3.  In what water sources do you think there is a higher risk of Legionella spp.? 146 58.4
4.  In what months of the year is there an increase in Legionella spp. infections? 101 40.4
5.  What sources do we use to obtain information on the incidence of legionellosis 149 59.6
 in Poland?
6.  How is Legionella spp. infection is transmitted? * 192 76.8
7.  To which group of diseases does legionellosis belong? 109 43.6
8.  How long is the incubation period for legionellosis? 86 34.4
9.  What is the best treatment for Legionella spp. Infection? 142 56.8
10.  What are the main illnesses caused by Legionella spp.? 76 30.4
11.  What is the Legionnaires’ disease fatality rate without treatment? ** 26 10.4
12.  Does Legionnaires’ disease have to be reported to the Poviat Sanitary 119 47.6
 and Epidemiological Stations

*Item 6 shows the highest score and is considered the main strength among participants’ knowledge
**Item 11 shows the lowest score and is considered the main challenge among participants’ knowledge

Table 3. Mean overall score of participants’ responses 
with respect to the demographic characteristics

 Characteristic Mean ± SD P- value

Age < 20 5.40 ± 0.97 0.01
 21-30 6.41 ± 2.06 
 31-40 5.94 ± 2.21 
 41-50 4.62 ± 1.45 
 > 50 5.53 ± 2.27
Gender Male 5.98 ± 2.02 0.432
 Female 6.22 ± 2.10
Education Elementary 5.69 ± 1.82 <0.001
 Secondary 6.96 ± 2.28 
 Higher 7.00 ± 2.65 
 Vocational 5.67 ± 0.58
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Table 5. Linear regression showing the association 
between population characteristics and the overall 
knowledge score

Characteristic B SE 95% CI P value

Age -0.049 0.013 -0.075 -0.023 <0.001
Gender     
Male Ref    
Female -0.577 0.312 -1.193 0.038 0.066
Education     
Others* Ref    
Tertiary 1.656 0.288 1.088 2.223 <0.001
education

B: unstandardized coefficient, SE: standard error, CI: 
confidence interval
*Others include: elementary, secondary and vocational 
education

Table 4. The level of knowledge based on gender, age, and education

   Knowledge level

Characteristic       Low       Moderate      High  Chi 2 P value
       (Score 0-7)      (Score 8-9)      (Score 10-12)  

 No. % No. % No. %
  
Age groups        
>50 10 58.8 % 7 41.2 % 0 0.0 % 11.2 0.189
41-50 12 92.3 % 1 7.7 % 0 0.0 %  
31-40 26 81.3 % 5 15.6 % 1 3.1 %  
21-30 126 70.4 % 36 20.1 % 17 9.5 %  
≤ 20 6 60.0 % 3 30.0 % 1 10.0 %  
Gender        
Male 51 78.5 % 9 13.8 % 5 7.7 % 2.55 0.278
Female 129 69.4 % 43 23.1 % 14 7.5 %  
Education        
Elementary 2 66.7 % 1 33.3 % 0 0.0 % 3.01 0.807
Secondary 61 67.8 % 20 22.2 % 9 10.0 %  
Higher 114 73.5 % 31 20.0 % 10 6.5 %  
Vocational 3 100 % 0.0 0.0 % 0 0.0 %  

Knowledge about different aspects of legionella infection

Source of infections 171 68.1 % 54 21.5 % 26 10.4 % 203 < 0.001
Diagnosis and treatment 193 76.9 % 50 19.9 % 8 3.2 %  
Prevention 132 52.6 % 0 0 % 119 47.4 %  

The percentages were given as percent of rows

while higher education was associated with 
better knowledge (AOR = 3.75, 95%CI 1.79 – 7.86)  
(Table 6). 

Perceived knowledge about different aspects of 
legionellosis infection
 When queried about potential for 
legionella, most participants identified that 
legionella habitat included bathtubs in spas (n 
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= 106, 42.2%), showers (n = 105, 41.83%) and 
fountains (n = 104, 41.4%) while dental units were 
the least recognized (n = 23, 9.16%) (Figure 1). 
 In terms of understanding the main 
conditions facilitating the development of 
legionellosis, stagnant water was the most 
common response (n = 121, 48.21%), whereas 
a  water temperature between 20-45 °C  (n = 71, 
28.29%) was the least acknowledged (Figure 2).
 Most  part ic ipants  bel ieved that 
maintaining cleanliness in water systems and 

consistent control of cleanliness were the primary 
prevention methods for legionellosis infection 
(60.69% and 52.99%, respectively) (Figure 3). 
 Interestingly, the majority of participants 
(n = 180, 72.11%) subjects were not aware of  the 
correct diagnostic tests for legionellosis. A nasal 
swab was the second most common choice (n 
= 96, 38.25%), while urine tests were the least 
recognized (n = 40, 15.94%) (Figure 4). 
 When it came to symptoms, fever was 
considered the most common When it came to 

Figure 1. Participants’ Perceptions, Attitudes and Beliefs regarding Legionella spp. habitats

Table 6. Binary logistic regression showing the association between population characteristics and the main 
challenge and strength among participants’ knowledge of legionellosis

Characteristic  11. What is the Legionnaires' disease f   6. How is Legionella spp. infection is
  atality rate without treatment? (R2 = 0.08)      transmitted? (R2 = 0.21)

 AOR 95% CI P value AOR 95% CI P value

Age 1.04 1.01 1.08 0.022 0.95 0.92 0.98 0.001
Gender        
Male Ref       
Female 1.09 0.33 3.56 0.890 0.73 0.28 1.93 0.528
Education        
Others Ref       
Tertiary 2.31 0.89 6.00 0.085 3.75 1.79 7.86 <0.001
education

AOR: adjusted odds ratio,CI: confidence interval; *Others include: elementary, secondary and vocational education
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Figure 3. Participants’ Perceptions, Attitudes and Beliefs Regarding the Ways to Prevent Legionellosis

Figure 2. Participants’ Perceptions, Attitudes and Beliefs Regarding the Reasons for the Development of Legionellosis

symptoms, fever was considered symptom of 
legionellosis infection (n = 119, 47.41%), while 
nausea and headache were deemed the least 
common symptoms (n= 67, 26.69%) (Figure 5).

Knowledge gap among study participants
 Notably, the study revealed a significant 
knowledge gap regarding diagnostic tests among 
participants;  over two thirds (72.11%) selected “I 
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Figure 4.  Participants’ Perceptions, Attitudes and Beliefs Regarding the Tests Performed to Diagnose Legionellosis.

Figure 5. Participants’ Perceptions, Attitudes and Beliefs Regarding the Symptoms of Legionella sp. infection.
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don’t know” as their response to this question. 
On the other hand, awareness about prevention 
methods was quite high, as only a small percentage 
(2.69%) reported not knowing how to prevent 
legionellosis infection (Figure 6).

DISCUSSION

 Legionellosis is caused by a bacterium 
that has been living in our environment at least 
since the second half of the 20th century when 
it was discovered in Philadelphia.11 Every year, 
we notice an increase in the number of cases of 
diseases caused by Legionella spp. in the world.12 
Consequently, mandatory case reporting is in 
place in many countries. However, as this is not a 
common practice, actual statistics are not known, 
and the lack of official cases of Legionnaires’ 
disease and Pontiac fever in some regions may 
not be indicative of the infection rates in the 
population.13

 Our survey demonstrated that the Polish 
adults’ level of knowledge about Legionnaires’ 
disease is low. This finding can be potentially 
attributed to the fact that Poland has one of the 
lowest rates of both diseases. Still, due to the 
lack of reports, it is not possible to ascertain the 

true figures.14 The study participants seem to be 
aware of this fact, as they largely concurred that all 
cases of diseases caused by Legionella spp. should 
be reported to the Sanitary and Epidemiological 
Station. 
  Furthermore, our study illustrated 
that advanced age was negatively associated 
with knowledge about Legionnaires’ disease, 
demonstrating the special need for awareness 
campaigns in these older populations. Our 
study also revealed that people with tertiary 
education (or above) showed better knowledge 
than others, and thus information about these 
bacteria should be presented in a simple manner 
suitable for people with less education. In contrast 
to the prevention method, we found that there 
was a high knowledge gap regarding diagnostic 
tests for Legionnaires’ disease. This is probably 
because prevention measures are overlapping and 
generalizable for most diseases.
 Noteworthy, as far as we know, our 
current work is the first to assess the awareness 
and knowledge of population towards these 
bacteria. However, a Japanese study attributed an 
outbreak of Legionella pneumonia to insufficient 
knowledge and understanding about Legionella 
and Legionnaires’ disease.15

Figure 6.  Knowledge gap in different aspects regarding legionellosis infection. The percentage of participants who 
chose “I don’t know” as an answer to each of the previous questions regarding legionellosis infection is shown.
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 This topic is important because these 
bacteria can be found in any setting, especially 
in public buildings, where a large percentage 
of hot water installations are contaminated 
by microbiological microorganisms, including 
Legionella spp.16 The highest percentages of 
bacteria occurrence are recorded in multi-family 
buildings and medical facilities.17 Consuming 
drinking water contaminated with Legionella 
also carries a high risk of infection.18 While some 
studies indicate that about 30% of buildings can 
be contaminated, the quantity of bacteria is likely 
to vary considerably.19 With polluted taps, even 
a clean central water supply promotes bacterial 
colonisation.20 Carrying out preventive measures 
and monitoring facilities will thus contribute to 
minimising the risk of infection.20 Currently, we 
also have records of procedures for prophylaxis 
and prevention of the occurrence of legionella 
infections.21 Extant research also shows that 
hospitals are the most likely sources of bacteria, 
which are least present in hotels.22 On the other 
hand, social housing units and dormitories pose 
a greater risk of bacterial contamination.22

 Members of the Legionella family have 
been found in the water systems of hospitals in 
Poland as well as worldwide (in the water supply, 
as well as air-conditioning units, swimming pools, 
and balneotherapy facilities).23 Thus, greater 
control of the water supply networks is essential, 
given that nosocomial infections can pose threat 
to already ill individuals that are hospitalised for 
other reasons, as well as medical staff.23 However, 
as legionellosis symptoms are similar to those of 
pneumonia, detailed urine and blood tests are 
needed, thus potentially delaying diagnosis and 
treatment.24 Consequently, regular internal water 
quality control must be implemented. However, 
disinfection and destruction of microbes can be 
challenging, especially in low flow systems and in 
dead branches.25 Nevertheless, when carried out 
accurately, chemical disinfection will eliminate the 
accumulation of bacteria in water systems.26

 It is well known that delayed diagnosis 
and treatment contribute to extending the 
hospitalisation time of patients infected with 
Legionella spp.27 While some of these patients 
may be treated in internal or pulmonary wards, 
the average hospital stay must last up to 14 

days.28,29 As a result, during summer months, when 
rising temperatures contribute to the growth of 
bacteria in water systems, patient admissions for 
legionellosis treatment may cause overcrowding.29

 Sewage network inspect ion and 
decontamination programs should also be applied 
not only in the facilities that have been inspected 
in the past, but also to newly opened facilities. 
A particular focus should be given to dental 
units, where microbes can be present not only 
in water systems but also on infrequently used 
instruments.30 Thus, in addition to implementing 
appropriate sanitary measures, dental staff 
should wear face and eye protection during any 
treatment, because inhalation of contaminated 
aerosols carries the greatest risk of infection.

CONCLUSION

 Legionellosis is a severe pneumonia 
caused by Legionella spp. bacteria. Nearly 95% 
of patients necessitate hospitalization, and 10% 
die. However, there is no study showing the 
awareness and knowledge of population towards 
these bacteria. Thus, this cross-sectional study was 
conducted to evaluate the knowledge, attitude 
and perception of the Polish population towards 
legionellosis, and to detect factors affecting the 
knowledge and perception scores among the 
residents. Given the low level of knowledge about 
legionellosis among Polish adults, it is necessary to 
implement population education initiatives in this 
country. Specifically, it is essential to educate the 
population about Legionella infections, diagnosis, 
treatment and infection prevention, as well as the 
presence of Legionella spp. in the environment, 
including the water environment of residential 
houses (bathrooms). Moreover, attention should 
be paid to bacterial colonisation in the healthcare 
environment. However, given that the study 
sample was relatively small, these assertions 
should be corroborated through further studies 
involving larger cohorts.
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