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ABsTrAcT

InTrodUcTIon: Research into occupational exposure to biological pathogens during medical personnel work 
is to a small degree concerned with paramedics. Coming in contact with biological pathogens, like HIV, HCV 
and HBV viruses, tubercle bacilli, or recently the SARS-CoV-2 virus in the workplace is a contamination risk. 
This study aims to analyze the occupational exposure of paramedics to biological pathogens at work, the 
possibilities of paramedics developing contagious diseases as occupational illnesses, and the prophylaxis 
this involves. 

MATerIAL And MeTHods: The publication was prepared on the basis of a literature review of works available 
in the PubMed, SCOPUS, and Google Scholar databases, and on websites of institutions functioning in the 
area of public health.

BrIef descrIpTIon of THe sTATe of KnoWLedGe: In Poland, in 2020, there were 1 255 625 cases of SARS-
CoV-2 registered, 3020 of which are cases found in paramedics, and 12 524 cases of Lyme borreliosis, 
990 HBV cases, 942 HCV cases, 934 HIV cases. In 2020, there were 1861 occupational diseases, 504 of which 
were contagious or parasitic. Approximately 37 000 needlesticks are estimated to happen every year in med-
ical facilities. 40% to 80% of the people who got injuries or cut in the workplace did not report the incident. 

concLUsIons: There is a need to implement prophylactic and preventative measures to prevent occupa-
tional needlestick injuries and blood-borne infections amongst paramedics. Paramedics show insufficient 
knowledge of their ability to apply for an occupational disease diagnosis caused by exposure to biological 
pathogens present in the work environment.

KeY Words: paramedics, biological factors, workplace, occupational exposure, prophylaxis of occupational 
infections, biological hazards, personal protective equipment, occupational disease.
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InTrodUcTIon
The quality of the environment is a significant fac-
tor of individual and public health. It is assumed 
that environmental health is determined by bi-

ological, chemical, physical, and social factors.  
It involves both theoretical and practical concepts 
as far as the evaluation, elimination, and preven-
tion are concerned when it comes to the presence 
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of such factors, which can negatively affect the 
health of the current and subsequent generations, 
in the environment. Environmental health is en-
tirely consistent with the broad understanding of 
worker healthcare. The health of workers is direct-
ed at the measures related to the promotion and  
maintenance of the highest level of physical  
and psychological fitness, as well as the well-being 
of employees, which are interested in technical, 
medical, and organizational means of reducing 
harmful health effects resulting from the work 
process [1].

Paramedics carry out their professional tasks in 
extremely difficult work environment conditions. The 
work they do in healthcare units is considered one 
of the occupations where healthcare workers (HCW) 
are exposed to illnesses caused by biological patho-
gens. They are at a greater risk of falling ill in com-
parison with the general society, especially during 
a contagious disease pandemic. 

Microorganisms, internal parasites, acellular 
units capable of replication or transferring genetic 
material, including genetically modified cell cultures, 
which may be the cause of infection, allergy, or 
poisoning [2]. 

In the most general sense, the work environ-
ment is understood as a collection of spatially or 
organizationally defined workplaces, shaped by the 
conditions of the material environment with par-
ticular biological pathogens, where the process of 
work takes place and workers carry out professional 
activities [3].

Studies suggest a significant effect of the work 
environment on the individual health condition of 
a worker [3, 4–7]. In the process of caring for the 
health of workers, it is of importance to properly 
identify factors that are potentially detrimental to 
the health and are a result of the work environ-

ment as well as appropriately choosing preventative 
measures, including personal protective equipment, 
depending on the identified threat or an established 
scale of health hazard [1, 8, 9].

The risk of biological pathogen infection inci-
dence may significantly affect the health condition. 
Coming in contact with dangerous biological path-
ogens in the workplace, such as hepatitis B virus 
(HBV), hepatitis type C (HCV), human immunodefi-
ciency virus (HIV), tubercle bacilli, or contemporar-
ily, severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) causes there to be a real danger of 
an individual HCW’s health condition deteriorating, 
resulting in, e.g., infection, mental health deteriora-
tion, or even death [9–12].

Table 1 shows the employment status of HCW 
and the exposure to identified biological pathogen 
factors present in the work environment, relative 
to the general employed population in the year 
2020 [13]. 

According to the data contained in the epidemi-
ological reports (EPIMELD) of the National Institute 
of Public Health NIH — National Research Institute 
(NIZP PZH-PIB), in 2020 in Poland, there have been 
1 255 625 cases of SARS-CoV-2 infection registered, 
12 524 cases of Lyme borreliosis, 990 cases of HBV, 
942 cases of HCV, 934 cases of HIV, 265 cases of 
viral meningitis, 158 cases of tick-borne encephalitis 
(TBE) infection and 109 cases of hepatitis A virus 
infections (HAV) [14]. 

Table 2 shows the SARS-CoV-2 virus infection 
rated for HCW in 2020 [11].

According to the data of the Chief Sanitary 
Inspectorate (CSI) in Poland, in 2020, there have 
been 1 861 occupational diseases diagnosed (in 
2019 — 2 059), 504 of which are cases of con-
tagious or parasitic diseases (in comparison with 
2019 — 705 cases) [15]. 

Table 1. Employment status and the exposure to identified biological pathogens present in the work 
environment in 2020 (modified) [13]

Exposure to biological risk factors by sections and divisions in 2020

SPECIFICATION
a — total

b — per 1000 employees in units covered 
by the survey

Employees exposed to risk factors which were, over the year

As of 31 
December

Eliminated or reduced Identified 
(including newly 

arisen risks)Total Eliminated or reduced to 
the standard level Reduced

TOTAL a 13705 3890 9815 11871 19752

b 2.3 0.6 1.6 2.0 3.3

Only division Human health activities a 7396 1487 5909 8191 12760

b 13.6 2.7 10.9 15.1 23.5
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The clear fall in the number of reported conta-
gious disease cases is largely a result of the declara-
tion of a pandemic, in relation to the SARS-CoV-2 vi-
rus infections, as well as the implementation of ep-
idemiological safety rules, which consist of wearing 
protective face masks, more frequent washing and 
disinfecting hands, maintaining social distancing.  
It has to be noted, however, that the data largely omit 
cases of acute contagious disease of the respiratory 
system caused by the SARS-CoV-2 (COVID-19) virus 
infection, which is a contagious disease classified as 
an occupational disease amongst HCW. The above is 
most likely the result of underreporting by HCWs [11].

The data of the National Labor Inspectorate (PIP) 
confirm just how important the issues of health and 
safety at work, including the correct identification of 
risk factors, and consequently the effect of the expo-
sure to harmful factors of the work environment on 
the health of HCW, are in the area of worker health-
care. In 2020, PIP investigated 46 medical entities 
employing 16.3 thousand people. Compliance with 
health and safety at work regulations related to pre-
paring for work, exposure to harmful and cumber-
some agent activity, personal protection equipment, 
work uniforms and shoes, the supervision and con-

trol over the state of health and safety at work, were 
all under investigation. In PIP’s opinion, the lack of 
knowledge of employers and managers in charge  
of employees is a frequent cause of shortcomings in 
the area of health and safety at work. It causes fail-
ures to occur during the evaluation of occupational 
risk, including the identification of threats present 
in the work environment. The identified shortcom-
ings involved, e.g., a lack of descriptions of evaluat-
ed workspaces specifying what tools and materials 
were in use, as well as the absence of the identifi-
cation of all the threats, including those caused by 
biological pathogens, such as SARS-CoV-2, present 
in the work environment. HCW was noted to not be 
properly equipped with work uniforms and shoes, as 
well as personal protection equipment, in 41% and 
11% of the investigated entities respectively. There 
have been cases of HCW using their own clothes 
and shoes when carrying out work where exposure 
to harmful biological pathogens takes place [16].

Table 3 shows the shortcomings in the area of 
health and safety at work detected during inspec-
tions of medical entities in the years 2018–2020 [16].

The proper protection of the professional group 
that paramedics constitute, in both the context of 

Table 2. People working in medicine who have been diagnosed with a SARS-CoV-2 virus infection, including 
incidences of illness and death due to COVID-19 (modified) [11]

Medical profession Number of confirmed COVID-19 cases Number of deaths from COVID-19 among 
hospitalized patients

Doctor 20 476 66

Dentist 1884 10

Nurse 50 990 51

Midwife 4764 4

Paramedic 3020 5

Pharmacist 2106 5

Laboratory diagnostician 1555 0

Feldsher 26 4

Total 84 821 145

Table 3. Shortcomings in the area of health and safety at work detected during inspections of medical entities in 
the years 2018–2020 — the percentage of the entities where shortcomings were found (modified) [16]

Specification 2018 2019 2020

Lack of a documented evaluation of the occupational risk at all of the work posts 42 37 46

Shortcomings related to equipment with a work uniform and work shoes 35 42 41

Improper identification of the risks related to the carried-out work 41 45 33

Shortcomings related to the initial training 39 25 24
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individual and population health, against the nega-
tive effects of biological factor activity on the body 
is an important issue. An indication of that could 
be, for example, the fact that, as demonstrated by 
the Supreme Audit Office (NIK) in their post-control 
address, in February of 2020, disposable Individual 
Personal Protection Packages, which were in pos-
session of the Cracow Emergency Medical Services 
(KPR), were enough to protect just 50% of the par-
amedics. In the period between 01.01.2018 and 
30.05.2020, KPR had one disposable transport iso-
lator, the G07 model, to transport people who were 
suspected of suffering from a particularly dangerous 
and highly contagious disease. Another indication 
of insufficient protection of paramedics against 
the possibility of SARS-CoV-2 virus infection dur-
ing transport is the fact that in the initial stages 
of the pandemic, KPR had transported 457 people 
suspected of COVID-19 by the 5th of May 2020. Be-
fore the outbreak of the pandemic caused by the 
SARS-CoV-2 virus, KPR employees had not partaken 
in practical exercises on how to proceed in case of 
a particularly dangerous and highly contagious dis-
ease threat [17].

According to the data from NIK for Poland in 
2019, there were 1577 Emergency Response Teams 
(369 of which specialized, and 1208 general) func-
tioning under the Emergency Medical Service Sys-
tem [18], meanwhile according to the data of the 
e-Health Centre, there were 14 473 paramedics 
working in healthcare facilities in 2019 [19].

The emergence of new species of microorgan-
isms, as well as the development of research tech-
niques, causes new biological factors, which are 
occupational hazards, to be detected in the work 
environment. Important issues surrounding biolog-
ical factors of occupational hazards for paramedics 
include, e.g., blood-borne viruses; new species of 
viruses (SARS-CoV-2), prions and bacteria, germs 
carried by ticks (in cases of carrying out work tasks 
in wooded areas); allergenic and immunotoxic fac-
tors of microbe, plant, and animal origin present in 
organic dust [20–24].

The small number of paramedics determines the 
number of studies and publications on the subject of 
occupational exposure to biological pathogens pres-
ent during work and the related health effects. The 
knowledge of paramedics, their personal stance in 
the face of a possibility of contracting contagious 
diseases, as well as the environment they work in, 
may become an obstacle in the prevention of ad-

verse health effects from occurring. These barriers 
increase the risk of susceptibility to contagious dis-
eases.

Prophylactic measures aimed at the minimali-
zation of the risk of infection amongst paramedics 
should include information about biological factors 
(pathogens) that may possibly be encountered in the 
work environment, infection spreading pathways, 
and guidelines regarding the protection against 
any such threats. We distinguish three pathways via 
which infections spread: direct (e.g., direct contact 
with a patient during an examination, direct contact 
with blood and body fluids), indirect (e.g., through 
air and droplets, through air and dust, objects of 
everyday use) and mixed [1, 3]. 

BLood-Borne eTIoLoGIcAL fAcTors 
The possibility of paramedics coming in contact 
with human blood is an important issue in the area 
of occupational exposure to biological factors in 
this particular group of healthcare workers. As far 
as biological hazards in the work environment are 
concerned, HIV, HBV, and HVC are of the most sig-
nificant importance due to the rate of incidence and 
their effects on health. 

Available information and data regarding oc-
cupational exposure to blood amongst paramedics 
give basis to the claim that exposure to blood-borne 
pathogens is a genuine risk in this professional 
group. The percentages of paramedics who have 
been exposed to blood in the year leading up to the 
study vary greatly between countries, fluctuating 
between 22% in the USA to 63% in Thailand, mean-
while in Poland results oscillate between 14 and 
78% [25–28].

Viruses of human origin that are transported by 
blood or other body fluids are the most frequent 
cause of occupational diseases amongst HCW. Due 
to the nature of the tasks they have to carry out 
at work, they are naturally exposed to blood and 
body fluids in the workplace. A lack of due cau-
tion while carrying out work tasks, needlesticks, 
cuts, lack of personal protection equipment, are 
the factors that make infections with blood-borne 
pathogens, including HIV, HBV, HCV, or the Ebola 
virus (EBOV), plausible and capable of taking place 
in the work process [29–32]. It is estimated that 
the risk of contracting HBV amongst HCW is ap-
proximately 10 times higher than for the general 
population [33]. 
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One study, the aim of which was to estimate inci-
dence rates of occupational blood exposure by route 
of exposure (needlesticks; cuts from sharp objects; 
mucous membrane exposures to the eyes, nose, 
or mouth; bites; and blood contact with nonintact 
skin) in the target population of active paramedics 
in the USA, including the state of California, studied 
2664 people. The study showed that the propor-
tions of paramedics who reported exposure in the 
previous year were 21.6% (95% confidence interval 
[CI], 17.8–25.3) for the national sample and 14.8% 
(95% CI, 12.2–17.4) for California. The overall inci-
dence rate was 6.0/10 000 calls (95% CI, 3.9–8.1). 
These rates represent more than 49 000 total expo-
sures and more than 10 000 needlesticks per year 
among paramedics in the United States. Rates for 
mucocutaneous exposures and needlesticks were 
similar (w1.2/10 000 calls). Rates for California were 
one-third to one-half the national rates. Sensitivity 
analysis showed that potential response bias would 
have little impact on the policy and intervention 
implications of the findings [29].

Research into the occupational risk towards 
blood-borne infections among 161 members of am-
bulance personnel in a provincial hospital network in 
Thailand showed that 82% of the personnel came in 
contact with jaundice patients in the past, 95% of 
the personnel came in contact with acquired immu-
nodeficiency syndrome (AIDS) patients in the past. 
The study also showed that 63.4% of the personnel 
came in contact with a patient’s blood through in-
juries; 64.7 had a needlestick injury, and 24,5% got 
cuts from sharp objects [30].

Research carried out on a group of 220 para-
medics employed in Emergency Departments and 
medical rescue teams showed that as many as 80% 
of the surveyed people reported frequent contact 
with patients’ blood [31].

A study carried out amongst 145 chosen par-
amedics employed in different healthcare facilities 
across Poland intending to identify the rate of inci-
dence of coming in contact with blood and other 
body fluids, showed that 78% of paramedics had 
this kind of contact a couple of times a week, with 
41.4% of the paramedics had this kind of contact 
more than ten times a day [32].

The results of the research, in which 215 para-
medics took part, showed that 57.7% of the surveyed 
stated that in the period of the last twelve months be-
fore the study took place, they came in contact with 
potentially contagious material via unharmed skin at 

least a few times, 22.3% via mucous membranes, 
over 16% a couple of times a year via damaged skin, 
and 3.7% were exposed to infection several times 
during that period as a result of a deep cut. As part 
of the study, paramedics pointed out that the cause 
of the cuts was most often the fact that they were 
in a hurry, the patient’s unexpected behavior, insuf-
ficient concentration, a stressful situation requiring 
urgent intervention, an overload of duties [34].

Research shows that in the years 2005–2010, the 
emergency medical services in Wrocław recorded 
49 incidences of dirty needlestick injuries involving 
paramedics. The circumstances of such events were 
usually related to the necessity of injecting an anx-
ious patient in a hurry or under bad light [35].

HIV is also a real threat to paramedic health in 
cases of exposure to blood [36].

The results of the studies show that the risk of 
seroconversion after percutaneous exposure to in-
fected blood is approximately 0.1–0.3% for HIV, 2% 
for HCV, and 6–60% for HBV [37]. 

Table 4, illustrating the number of HBV, HCV, 
AIDS cases, and HIV infections in Poland in the years 
2011–2020, shows just how significant of an occu-
pational exposure factor contaminated blood may 
be for paramedics [14].

Approximately 37 000 needlestick injuries are 
estimated to take place every year in medical facili-
ties across Poland. Studies show that 40–80% of the 
people who suffered from needlesticks or cuts in the 
workplace did not report the incident [39, 40].

eTHoLoGIcAL fAcTors TrAnsporTed In 
THe dropLeT And AIr pATHWAYs 

Currently, there is a lack of complete quantitative 
data on the subject of occupational exposition to 
biological factors transported in the droplet and air 
pathway for paramedics. However, literature data 
related to the incidence of biological factors capable 
of spreading in such a manner in the environment 
give basis to the claim that the susceptibility of par-
amedics to getting infected with them is significant 
enough not to be neglected while creating safe 
working conditions. As far as biological hazards in 
the work environment are concerned, bioaerosols, 
nowadays the SARS-CoV-2 virus, and tubercle bacilli, 
are of the greatest importance due to their rate of 
incidence and health consequences [11, 41].

Tubercle bacilli (Mycobacterium tuberculosis) 
is a biological factor that has also qualified to haz-
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ard group 3 [2]. The source of infection is an active 
and non-treated patient, bacteria are transported 
through droplets and the infection gateways are the 
respiratory tracts. Incidental infection via an implant 
pathway, through the skin or mucous membranes, 
is also possible [42].

Meningococcal infection is caused by bacteria 
— meningitis diplococci, also referred to as menin-
gococci (Neisseria meningitidis). Meningococci are 
present in the oronasal cavity of healthy people 
(so-called carriers), without causing any ailments 
or symptoms. Infection takes place as a result of 
a vulnerable person coming in contact with an 
asymptomatic carrier or a sick person. The trans-
port of meningococci takes place via droplets (while 
coughing or sneezing). Meningococci are the most 
frequent cause of meningitis or sepsis (septicemia), 
which together are referred to as the meningo-
coccal invasive disease. They can also cause, albeit 
much more rarely, pneumonia, otitis media, per-
icarditis, endocarditis, arthritis, and other inflam-
mations. Meningococcal invasive disease is a direct 
threat to one’s health and life [43].

SARS Coronavirus Infection, a severe conta-
gious disease characterized by a fever above 38ºC 
and respiratory system symptoms, which may lead 
to acute respiratory failure and death. The source of 
infection is other sick people. The primary pathway 
of severe acute respiratory syndrome’s (SARS) spread 
is the droplet pathway — via droplets secreted by 
the respiratory tracts in the process of coughing or 
sneezing at a distance of approximately 1 meter. In 
some rare cases of particularly contagious patients, 

the infection may spread in the air at greater dis-
tances of as much as a few meters. Infection may 
take place when respiratory tract secretions of an 
infected person are transported onto the mucus of 
a healthy person via hands or objects [44, 45].

MERS-CoV Infection, a severe contagious dis-
ease caused by the MERS-CoV virus, is character-
ized by a fever above 38ºC, coughing, and other 
respiratory system symptoms, such as shortness of 
breath, dyspnea. Death occurs in over 50% of the 
patients hospitalized due to MERS-CoV infection. 
During a pandemic, sick people may be the source 
of infection. The pathways of spread for the virus 
have not been identified as of yet. There is data con-
firming that the germ can be spread via close con-
tact (possibly through droplets and direct contact). 
The gateway of infection has not been identified. 
These may possibly include, e.g., oral mucosa and 
the respiratory system epithelium [44].

SARS-CoV-2 (Severe Acute Respiratory Syn-
drome coronavirus 2) Infection, is a highly conta-
gious and pathogenic virus causing a severe respira-
tory system disease called COVID-19. Bioinformatic 
analyses showed that SARS-CoV-2 had characteris-
tics typical of the family. It belongs to the betacoro-
navirus 2B lineage. SARS-CoV-2 is transmitted via 
fomites and droplets during close unprotected con-
tact between the infected and uninfected. The main 
source of infection is symptomatic and asympto-
matic patients. The virus may also spread via indirect 
contact. Droplets containing the virus contaminate 
the hands, subsequently people touch the mucous 
tissue of the mouth, nose, and eyes, causing in-

Table 4. Number of HBV, HCV, AIDS cases, and HIV infections in Poland in the years 2011–2020 [14]

Year/number of cases
Disease

HBV HCV AIDS HIV

2011 1583 2189 241 1188

2012 1583 2265 190 1135

2013 1541 2644 191 1159

2014 2763 3551 151 1110

2015 3518 4285 134 1295

2016 3806 4261 119 1387

2017 3363 4010 117 1463

2018 3202 3441 121 1304

2019 2860 3341 123 1751

2020 990 942 43 934

Own work
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fection. SARS-CoV-2 transmission is not limited to 
respiratory tracts. Some studies have shown SARS-
CoV-2 to spread through aerosol. SARS-CoV-2 is 
a direct threat to one’s health and life [11, 45, 46].

InfecTIon propHYLAXIs
The knowledge of the mechanisms in which biolog-
ical factors affect the human body enables the un-
dertaking of effective measures of preventing con-
tagious diseases from spreading among paramedics. 

Regardless of existing legal regulations [2], an 
important element of prophylaxis is the education 
and supplying of personal protection equipment 
(PPE), as well as compulsory and recommended 
preventative vaccines recognized in legal regula-
tions [47–49], which are an important aspect of 
prophylactic healthcare of the workers. Strengthen-
ing the awareness of possible threats among med-
ical workers should encourage the development of 
behaviors enabling the minimalization of health 
risks. Widespread use of PPE is able to protect an 
employee from potential harm coming from bio-
logical factors. 

Proper protection against biological factors in 
the work of a paramedic should primarily rely on 
complying with the commonly existing and adopt-
ed epidemiological-sanitary rules, and a well-car-
ried out the evaluation of occupational risk, in-
cluding the possible work conditions that might 

come about and its inherent dangers like exposure 
to harmful biological pathogens while carrying 
out specific work tasks [1, 3]. Possible examples 
of harmful biological pathogen factors with are 
a hazard in the work environment of a paramedic 
are summarized in Table 5 [50].

concLUsIons
1. Research into the effects of biological factors on 

the health of paramedics is incomplete.
2. Further research aiming to fully understand the 

effect spectrum of biological factors on the inci-
dence of contagious diseases in this professional 
group is required. 

3. Estimating the scale of the phenomenon and 
decreasing the number of occupational expo-
sure incidences amongst paramedics should be 
a priority as far as epidemiological safety is con-
cerned.

4. Training that aims to increase awareness in the 
area of existing procedures, including the use 
of PPEs and the obligation to register injuries 
suffered from sharp objects, plays a significant 
role in prophylaxis.

5. Prophylactic measures need to be implemented 
on a multidimensional scale, and their effec-
tiveness should be ensured through constant 
monitoring and supervision on each level of eval-
uating working conditions.

Table 5. Biological pathogen factors which present a risk in the work environment of a paramedic [50]

Biological pathogen agent Method of spread Effect on people Prophylaxis

Adenoviruses (Adenoviridae) Droplet or airborne;
direct

Contagious — adenovirus fevers PPE

Coronaviruses (Coronaviridae) Droplet or airborne Contagious — mild upper respiratory tract 
diseases

PPE

Human B-lymphotropic virus 
(HBLV-HHV-6) (Herpesviridae)

Direct Contagious — rash, kidney transplant rejection PPE, disinfection, 
sterilization

Echovirus (Picornaviridae) Droplet or airborne;
direct

Contagious — respiratory system inflammation,
fever, encephalitis and meningitis, paralysis, 
hepatitis, enteritis, dermatitis and rash, 
conjunctivitis, diarrhea, myocarditis, and 
pericarditis

PPE, disinfection, 
sterilization

Bacteria (obligatory anaerobic 
Gram-negative rods)
Haemophilus influenzae/ 
influenza rods

Cirect,
droplet or airborne

Contagious — respiratory system inflammation, 
sinusitis, otitis, epiglottitis, meningitis, cellulitis

PPE, preventative 
vaccinations 
disinfection, 
sterilization

Bacteria (Rickettsia) Anaplasma
phagocytophilum (synonym:
Ehrlichia phagocytophila)

Tick bite Contagious (zoonosis) — fever, anaplasmosis
(ehrlichiosis) granulocytic

PPE, quick removal 
of the attached ticks, 
repellents, disinfection

PPE — personal protection equipment
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