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Abstract
Objective: Emergency medical services systems are at the first line of dealing with
patients who suffer from various infections. Conducting investigations on the bacterial
contamination of emergency ambulances play a crucial role to improve the occupational
health of staff as well as the quality of patient care. Therefore, the aim of the present study
was to investigate the presence of Staphylococcus aureus and other life treating bacteria in
the urban and rural ambulances and their on-call emergency medical service personnel.
Methods: This descriptive cross-sectional study was conducted on 12 front line prehospital emergency urban and rural ambulances in Kashan, Iran, in 2015. A total of 18 sites
were sampled in each ambulance and from the nose of personnel. Grown colonies were
confirmed based on colony morphology on mannitol salt agar plates, gram stain reaction
and biochemical characteristics reactions.
Results: The S. aureus contamination was only isolated from the nose of on-call emergency
medical service providers of 12 urban and road ambulances, while no sign of contamination
was found in 18 sampling sites of these front-line ambulances. Also, further evaluation of
these sampling sites revealed the contamination with coagulase-negative staphylococci
in all of them and oxygen tank was introduced as the most contaminated site inside the
ambulances. Moreover, the prevalence of equipment contamination was significantly
higher in urban ambulances.
Conclusion: Identifying the rate of pathogens in clinical settings like the pre-hospital
ambulance setting is an important issue which should be carefully considered.
Keywords: Emergency medical services, Bacterial contamination, Infection, Staphylococcus
aureus

Introduction
Early laboratory and clinical investigations in 18th
century demonstrated the staphylococcal illness and its
role in abscess formation and sepsis. After more than a
century, Staphylococcus aureus remains a life-threatening
pathogen in humans. S. aureus is a Gram-positive coccus
which can cause skin lesions, osteomyelitis, pneumonia,
endocarditis and sepsis (1). There is no doubt that, S.
aureus is a major cause of hospital-acquired infections
and its severity is associated with the potentially infected
tissues such as bloodstream, respiratory tracts and skin.
Owing to multidrug-resistant strains of S. aureus, these
infections are difficult to treat (2).
In the United States it has been estimated that annually
more than 90 000 deaths occur due to nosocomial
infections which is the sixth leading cause of death in the
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United States. For patients as well as health care providers,
hospital-acquired infections are major safety concerns
which can worsen the severity of diseases and increase
the length of hospital stays (2). Various risk factors such
as exposure to colonized patients, surgery, admission to
an intensive care unit (ICU) and prior antibiotic exposure
are described for S. aureus infection or colonization in
the hospital. In addition, although S. aureus is a leading
pathogen responsible for nosocomial infections, other
bacteria may contribute to the formation of infections (3).
It has been long established that S. aureus contamination
exclusively can occur in hospitals or following the use
of long-term care facilities due to the lack of strong
immune system of admitted patients and also numerous
catheterizations and injections (4). Up to now, there are
several reports from various parts of Iran evaluating the

© 2019 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Paravar et al

epidemiology of S. aureus in Iranian hospitals (5) as a
potential reservoir in the transmission of serious infections
to patients. However to the best of our knowledge, there
is no report to evaluate the existence of S. aureus in the
ambulance operating system as a potential source of
transmission to patients. Therefore, the aim of the present
study was to investigate the presence of S. aureus and
other life-threatening bacteria in 12 urban and rural
ambulances of Kashan city and their on-call emergency
medical service personnel.
Methods
This descriptive cross-sectional study was undertaken
on 12 front line pre-hospital emergency ambulances
inside and outside the city of Kashan in 2015. A total of
20 sites were sampled in each ambulance over a period
of one month. The inclusion criteria encompassed the
working ambulances in the emergency center and oncall medical service personnel on the day of sampling.
In this study, samples were collected from 18 sites of
ambulances including: jump bag handle, glucometer,
electrocardiograph (ECG) unit handle, portable pulse
oximeter outer case/finger sensor, adult blood pressure
cuff, children blood pressure cuff, stretcher mattress,
stethoscope, rear cabin seats, steering wheel, radio
microphone, laryngoscope, oxygen tank, Ambu bag, rear
cabin floor, rear cabin space, front cabin space, suction and
also hand and nose of on-call emergency medical service
personnel using moistened sterile cotton swabs. Following
collecting the samples, the swabs were inoculated to the
mannitol salt agar plates and were incubated at 37ºC for
48 hours. This medium due to the high concentration of
salt is commonly used for gram-positive bacteria such as
Staphylococcus. The grown colonies from various parts of
ambulances were confirmed based on colony morphology
on mannitol salt agar plates, gram stain reaction,
biochemical characteristics reactions including catalase,
coagulase reaction and deoxyribonuclease (DNase) test.
Since the rate of infection in each ambulance depends on
last cleaning, this evaluation was performed randomly and
the time of last equipment and ambulances cleaning, and
also hand washing of the personnel were considered as
effective parameters in the final analysis. Concerning the
sampling, reliability and validity, an educated technician
who was trained earlier under the supervision of an
infectious specialist performed the tasks.
In this study, statistical analyses were performed using
SPSS software (Version: 22). We used chi-square test and
logistic regression for data analysis. P<0.05 was considered
significant.
Results
In this study, among 12 evaluated ambulances, 7 cases
(58.3%) were road ambulances, while 5 of them (41.7%)
were working ambulances inside the city and no S. aureus
was found in all ambulances. However, two personnel of
2
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road ambulances and one personnel in the city ambulance
were positive for S. aureus contamination (Table 1).
Also, both types of ambulances were contaminated with
coagulase-negative staphylococci. Six cultures were
positive Acinetobacter in which half of them belonged
to city ambulances and another half belonged to road
ambulances. We did not observe a significant relationship
between the type of ambulances and the positive culture of
this bacteria (P = 0.55). Also, there were 10 pseudomonas
positive cultures in which 40% of them were found in city
ambulances and the rest were the result of road ambulances
contamination. No meaningful association was found
between the ambulance type and the bacterial genus
(P = 0.682). In our investigation, the number of ambulance
missions was in the range of 10 to 300 monthly and 50% of
ambulances had 30 missions in a month and the average of
missions for all ambulances was 95.8± 32.3. This average
for urban ambulances was 194±116.9 times in a month,
while for rural ambulances the average was 25.7±13.9.
Our findings revealed no significant association between
the number of missions for both types of ambulances and
the S. aureus contamination. Moreover, the average of
contaminated equipments in all ambulances was 7.6±2.1
in which this average in urban and rural ambulances was
9.4±0.8 and 6.4±1.9, respectively. This difference was
statistically significant (P = 0.01). Among 18 different sites
inside the ambulances, contamination of oxygen tank was
significantly higher than other sites. Also, according to the
obtained data, there was a meaningful association between
the number of missions and the number of contaminated
subjects in the ambulances (P = 0.02). Table 2 depicts the
prevalence of bacterial contamination of various sampling
sites in the ambulances.
Discussion
Taking into account the ability of staphylococci to survive
under various environmental conditions and regarding
the fact that they can easily acquire many types of genetic
elements which increase their resistance towards a wide
range of antibiotics (6, 7), identifying the rate of S. aureus
in clinical settings like the pre-hospital ambulance setting
is an important issue (8). Based on the findings, the S.
aureus contamination was only isolated from the nose of
on-call emergency medical service providers of 12 urban
and road ambulances of Kashan city in Iran. We did not
observe a sign of contamination in 20 sampling sites of
these front-line ambulances. Also, further evaluation
of these sampling sites revealed that the contamination
Table 1. The prevalence of S. aureus, coagulase-negative staphylococci and other contaminations in hands and nose of emergency medical
service personnel.
Personnel
Hands
Nose

S. aureus

Coagulase-negative
staphylococci

Others

0%
12.5%

45%
41%

0%
0%
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Table 2. The prevalence of bacterial contamination in various sampling sites of ambulances
S.
aureus

Coagulase-negative
staphylococci

Pseudomonas

Klebsiella

Proteus

Acinetobacter

Diphtheriae

P
value

Jump bag handle

0 (0)

8 (66.7%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Glucometer

0 (0)

4 (33.3%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

ECG unit handle

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Portable pulse oximeter
outer case/finger sensor

0 (0)

6 (50%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Children blood pressure
cuff

0 (0)

4 (33.3%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Adult blood pressure cuff

0 (0)

6 (50%)

0 (0)

0 (0)

0 (0)

1 (8.3%)

0 (0)

>0.05

Stretcher mattress

0 (0)

1 (8.3%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Stethoscope

0 (0)

10 (83.3%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Rear cabin seats

0 (0)

2 (16.7%)

0 (0)

0 (0)

0 (0)

1 (8.3%)

0 (0)

>0.05

Steering wheel

0 (0)

5 (41.7%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Radio microphone

0 (0)

4 (33.3%)

0 (0)

0 (0)

0 (0)

1 (8.3%)

0 (0)

>0.05

Laryngoscope

0 (0)

3 (25%)

0 (0)

0 (0)

0 (0)

1 (8.3%)

0 (0)

>0.05

Oxygen tank

0 (0)

3 (25%)

4(33.3%)

2 (16.7%)

2 (16.7%)

2 (16.7%)

2 (16.7%)

<0.05

Ambu bag

0 (0)

2 (16.7%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Rear cabin floor

0 (0)

2 (16.7%)

2 (16.7%)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Rear cabin space

0 (0)

9 (75%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

>0.05

Front cabin space

0 (0)

7 (58.3%)

0 (0)

0 (0)

1 (8.3%)

0 (0)

0 (0)

>0.05

Suction

0 (0)

0 (0)

0 (0)

6 (50%)

1 (8.3%)

0 (0)

0 (0)

>0.05

Sampling site

with coagulase-negative staphylococci in all sites and
the oxygen tank were the most contaminated sites inside
the ambulances. Moreover, the prevalence of equipment
contamination was significantly higher in urban
ambulances. This can be the consequence of their greater
number of missions.
Occupational infections among healthcare workers have
been reported in various parts of the world (9-11) as well
as Iran (12). Furthermore, up to now, several investigations
reported the presence of S. aureus in ambulances and
healthcare providers in which the prevalence of S. aureus
depends on the study. In 2012, Rago et al surveyed 26
sites of 71 ambulances in Chicago-area municipalities.
They found in approximately 69% of all ambulances
this bacterium in which 77% of them were resistant to
at least one antibiotic, while 34% showed resistance to
two or more antibiotics (13). Also, Nigam and Cutter in
2003 in a pilot study reported an unacceptable level of
bacterial contamination in the Welsh emergency vehicles
which was reduced significantly following their cleaning
and disinfection (14). In addition, in a study which was
conducted in India, researchers reported the presence of
S. aureus among healthcare workers with a prevalence of
13% (15) which is consistent with our findings.
Furthermore, in 2013, a cross-sectional study in the midAtlantic region evaluated the emergency medical service
personnel for methicillin-resistant S. aureus (MRSA)
nasal colonization. Their findings showed the presence
of 6.4% (7 out of 110 volunteers) MRSA colonization

among healthcare providers of emergency medical
services (16). This finding is quite similar to the findings
of Eveillard et al who reported the prevalence of 6.2% for
S. aureus among hospital employees (17); This lower rate
of contamination can be due to better hygiene practice
among healthcare providers. Although in the present
study, the rate of contamination among emergency
medical service personnel is higher than some parts
of the world; this prevalence is lower than the reported
prevalence of S. aureus in the population of other Iranian
hospital healthcare providers.
In hospitals, patient to patient pathogen transmission
via the transiently contaminated hands of health care
providers who have acquired the pathogen by handling
contaminated materials or by direct patient contact is the
major way of transmission. (18) This devastating condition
might be worsen in ambulances due to various reasons
including: 1) limited space at the back of the ambulance
which is the area occupied by patients and can elevate the
pathogen transmission risk in the environment; 2) the
high rate of patient turnover and different patients being
in the ambulance in many emergency medical services
and 3) the short period of time for a thorough cleaning of
the ambulance due to the busy nature of the job (19).
Conclusion
In conclusion, since emergency medical services systems
are at the first line of dealing with patients who suffer from
known or unknown infections, investigation into bacterial
Journal of Emergency Practice and Trauma, 2019, x(x), x-x
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contamination of emergency ambulances plays a pivotal
role in the control and preventing infection transmission
as an effective risk management program to improve the
occupational health of staff as well as the quality of patient
care.
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