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Abstract Objective An ambulance is a medically equipped vehicle which is used in case of any
medical emergency for the transport of patients to treatment facilities. The ambu-
lances help in the transportation of thousands of patients per year, and such patients
may carry infectious microorganisms which pose a major threat to the treatment of
such patients. In this study, we analyzed the extent of bacterial contamination in our
ambulance vehicles and measured the degree of antimicrobial resistance among iso-
lated pathogens.

Material and Method This study included five ambulances of our tertiary care hos-
pital and different random sites were swabbed in each vehicle. These were selected
based on their well-known high frequency of contact by emergency personnel and
patients. Swabs were inserted into sterile test tubes containing normal saline and
immediately transferred to our microbiology laboratory to identify bacterial contami-
nants utilizing standard microbiological procedures.

Result A total of 198 swab samples were collected from all the five ambulances,
out of which 170 (85.8%) swabs were sterile and 28 (14.2%) swabs yielded potentially
pathogenic bacterial isolates. The highest contamination rate with pathogenic bacte-
ria was detected in the oxygen flow meter knob (60%), suction machine tubing (60%),
and stethoscope (40%). Staphylococcus aureus (32%) was the most frequently detected
microorganism.

Conclusion Our study showed low prevalence of bacterial contamination in ambu-
lances because of good infection control policy of our hospital, however, some areas
still need improvement and require proper standard operating procedures of disinfec-
tion policies of these emergency vehicles.
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as a hospital, and transport paramedics and other first
responders to the place of emergency.! Ambulances were
first introduced for emergency transport by the Spanish
in 1487, and for civilians this emergency service was started
during 1830.2

Introduction

Anambulanceisamedically equipped vehicle whichis used in
case of a medical emergency by Emergency Medical Services
(EMS) which transport patients to treatment facilities, such
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The ambulance services available generally fall into one of
these three categories: basic life support (BLS), advanced life
support (ALS), and in some cases, intermediate life support
(ILS). The ALS ambulances are available with cardiac moni-
tor and defibrillator in addition to the basic provisions of a
BLS ambulance.?* Ambulances help thousands of patients per
year, and such patients carrying an infectious microorgan-
ism may cough, vomit, urinate, excrete, or spill body fluid
and blood during hospital transport .These infectious micro-
organisms can be multidrug resistant (MDR) or extensively
drug resistant (XDR), and may get deposited on the surfaces
of the ambulance as a fomite until they are inhaled, ingested,
touched, or inoculated into subsequent patient, passenger,
and health-care worker. As most ambulances carry patients
from road traffic accidents, trauma cases, and emergency
cases, MDR or XDR pathogens are major threats in the treat-
ment of such patients. Thus, determining the risks should
facilitate the advancement of best practices to enhance infec-
tion control of routine outbreaks and during a major emer-
gency such as a disease pandemic.

Although the use of universal precautions,* personal
protective gear,” and disposable equipment reduces risks
of infection to patients and care providers, the ambulance
remains the most vulnerable to bacterial contamination from
biological secretions and potential pathogens. So, it is very
important that after each mission, each ambulance vehicle
must be cleaned and decontaminated to be ready for use for
the next mission. Effective cleaning protocols like the use of
disinfectants (hypochlorite, alcohol, hydrogen peroxide, qua-
ternary ammonium compounds, and phenolic compound)
for this emergency medical environment should be followed
to avoid any transmission of pathogenic microorganisms that
represent a potential risk of infection for patients or even the
accompanying emergency medical professionals.

In this study, we analyzed the extent of bacterial contam-
ination in our ambulance vehicles and measured the degree
of antimicrobial resistance among isolated pathogens. This
study is also important because numerous studies have
assessed hospital-acquired infections (HAIs) and its control
but only few literatures exist regarding the probability of
transmission of infection through ambulances.

Materials and Methods

This study was conducted in our 750 bedded tertiary care
hospital in north India region. A total of five ambulances
were included in our study. All the ambulances in this study
were BLS equipped. No prior information was given to the
ambulance crew about the sampling. The number of times a
vehicle is used in a day to transfer patients is difficult to pre-
dict and types of patients to be transferred were not defined
for ambulance. There is a cleaning and disinfection roster in
place; the roster is such that each cleaning and disinfection
exercise gets approximately 3 to 4 hours for the disinfec-
tion to be most effective. Cleaning and disinfection is done
depending on the number of times the vehicle is used in a
day; however, priority is given to patient transfer and the
disinfection is put on hold for the next time slot as per the
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roster. Different random sites were swabbed in each vehi-
cle and these were selected based on their well-known high
frequency of contact by emergency personnel and patients.
These areas were as follows: door handle, patient stretcher
mattress, handle of stretcher, backrest of the patient
stretcher, oxygen cylinder, oxygen flow meter knob, sink,
mouth of ambubag, walls of ambulance, exhaust fan, porta-
ble ventilator screen, syringe pump, suction machine tubing,
oropharyngeal airway (two in number), AC vent, wheelchair,
blood pressure cuff, stethoscope, emergency personnel seat,
backrest of relative chair, cervical collar, and steering wheel.
These surfaces were swabbed with sterile cotton swabs
moistened with sterile 0.9% NaCl solution. During the sam-
pling process, swabs were passed over the entire sampling
point and rotated to collect as much material as possible.
Swabs were inserted into sterile test tubes containing normal
saline to avoid desiccation during transport. Then the swabs
were immediately transferred to the laboratory to identify
bacterial contaminants utilizing standard microbiological
procedures.

Upon arrival at the microbiology laboratory, swabs were
immediately transferred into brain heart infusion broth and
incubated for 18 to 24 hours at 37°C. Thereafter, the swabs
were plated onto 5% Sheep Blood agar, mannitol salt agar, and
MacConkey’s agar and identified by standard biochemical
tests.® Controls of sterile cotton swab and sterile cotton swabs
moistened with 0.9% NaCl solution were also put to sterility
check. All positive bacterial cultures were identified standard
microbiological procedures. The bacterial susceptibility was
done according to CLSI (Clinical and Laboratory Standards
Institute) 2019 criteria. Additionally, Enterobacteriaceae were
tested for ESBL (extended spectrum 3 lactamases) according
to CLSI. MRSA (methicillin-resistant Staphylococcus aureus)
was identified using cefoxitin disk according to CLSI criteria.’

Results

A total of 198 swab samples were collected from all the five
ambulances, out of which 170 (85.8%) swabs were sterile and
28 (14.2%) swabs yielded potentially pathogenic bacterial iso-
lates as shown in =Fig. 1 (bar diagram). The highest contam-
ination rate with pathogenic bacteria was detected in oxygen
flow meter knob (60%), suction machine tubing (60%), and

W Percentage of pathogenic bacterial isolates from ambulances

pseudomonas aeruginosa
Enterococcus sp

Proteus sp

E.coli

K.pneumoniae

S.aureus

Fig. 1 Bar diagram showing percentage of bacterial isolates from
five ambulance vehicles.
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stethoscope (40%). Staphylococcus aureus (32%) was the most
frequently detected microorganism followed by Klebsiella
spp (21.4%), Escherichia coli (14.2%), Proteus spp (14.2%),
Enterococcus spp (10.7%), and Pseudomonas aeruginosa (7.2).
MRSA was seen in 22% of the total Staphylococcus aureus, as
shown in =Table 1. Higher resistance to S. aureus was seen
in penicillin (55%), gentamicin (55%), and erythromycin
(66.7%). The resistance rate was lower for ciprofloxacin, dox-
ycycline, clindamycin, and cotrimoxazole (22-33%), whereas
none of the strains of isolated Staphylococcus aureus showed
resistance to linezolid and teicoplanin. Higher resistance
was seen in Enterococcus species to penicillin, ciprofloxacin,
erythromycin, and gentamicin (66-100%), as in =Table 2.
None the strains of Enterococcus species showed resistance to
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vancomycin, whereas in gram-negative bacteria Klebsiella spp
(33%), E. coli (50%), and Proteus spp (25%) were ESBL producers
and showed sensitivity to imipenem, as shown in =Table 3.
ESBL was detected in Klebsiella species (16.7%), Proteus spp
(25%), and E. coli (25%) by initial phenotypic screening test-
ing and further confirmed as ESBL producers by confirmatory
test, i.e., phenotypic confirmatory combined-disk test.

Discussion

Ambulance vehicles are an integral part of EMS. While
designing an EMS, the essential decision in prehospital care
is whether the patient should be immediately taken to the
hospital, or advanced care resources are taken to the patient.

Table 1 Distribution of various bacterial isolates from ambulance sites

S.no | Ambulance Staphylococcus | Klebsiella Escherichia Proteus spp Enterococcus | Pseudomonas
site aureus (n=9) | spp.(n=6) | coli(n=4) (n=4) spp (n=3) aeruginosa (n = 2)

1. Patient - 1 - - 1 -
stretcher
mattress
Door handle 1 - - - - -

3. Handle of 1 - - - 1 _
stretcher

4. Backrest of - - - 1 - _
the patient
stretcher

5. Oxygen - - - - - -
cylinder

6. Oxygen flow 2 1 1 - - _
meter knob

7. Sink - - _ 1 _ 1
Mouth of - - - - - _
ambubag

9. Walls of - - 1 - 1 _
ambulance

10. Portable venti- | - - - - - -
lator screen

11. Syringe pump | - - 1 - - -

12. Suction 2 1 - - - 1
machine tubing

13. Oropharyngeal | - - - - - -
airway (two in
number)

14. AC vent - - -1 1 - -

15. Wheelchair - 1 - - - -

16. Blood pressure | 1 - - - - -
cuff

17. Stethoscope 2 1 - - - -

18. Emergency - - - 1 - -
personnel seat,

19. Backrest of - - - - - _
relative chair

20. Cervical collar | - - - - - -

21. Steering wheel | - - - - - -

22. Exhaust fan - 1 - - - -
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Table 2 Antimicrobial resistance pattern (in percentage) of gram-positive bacterial isolates

P Cx Cip Er cd Cot Dox Lz Va Tei Gen
S. aureus 55.6% 22% 22% 66.7% 33.3% 33.3% 22.2% 0% - 0% 55.6%
Enterococcus | 66.7% - 66.7% 100% 33.3% 0% 33.3% 0% 0% 0% 66.7%
Spp.

Abbreviations: Cd, clindamycin; Cip, ciprofloxacin; Cot, cotrimaxazole; Cx, cefoxitin; Dox, doxycycline; Er, erythromycin; Gen, gentamicin; Lz, linezolid;

P, penicillin; tei, teicoplanin; Va, vancomycin.

Table 3 Antimicrobial resistance pattern (in percentages) of gram-negative bacterial isolates

Amc | Caz Cef Cpm Ak Cip Tet Pit Imp Az Pb/co
Klebsiella spp. | 33% | 16.7% | 16.7% 16.7% 0% 33.3% 66.7% | 0% 16.7% | - 0%
Escherichia 50% | 25% 25% 25% 0% 25% 50% 0% 0% - 0%
coli
Proteus spp. | 25% | 25% 25% 25% 0% 50% 25% 0% 0% - 100%
Pseudomonas | - 0% - - 0% 0% - 0% 0% 0% -
aeruginosa

Abbreviations: Ak, amikacin; Amc, amoxicillin clavulanic acid; Az, aztreonam; Caz, ceftazidime; Cef, cefotaxime; Cip, ciprofloxacin; Cpm, cefepime; Imp,
imipenem; Pit, piperacillin-/tazobactam; Pb/co, polymyxin/colistin; Tet, tetracycline.

Thus, minimal time is spent in providing prehospital care,
(i.e., ensure airway, breathing, and circulation [ABC], exter-
nal bleeding control, and endotracheal intubation) and the
patient is transported as fast as possible from the site of
emergency to health care facility. However, ambulance also
acts as a potential source of nosocomial infections caused by
various pathogenic microorganisms carried by the patients
which in turn are source of infections to health care workers,
other staff, and relatives of the patients. Some of the pathogen
are MDR and extremely drug resistant (XDR) and can cause
serious infections and diseases.® The presence of pathogenic
organisms in rescue vehicles is also very dangerous especially
for severely ill patients and when transporting immunocom-
promised patients who are more prone to infections. These
microorganisms can be detected not only in the interior of
ambulances but also on the emergency services equipment.
Therefore, microbiological evaluation of ambulance vehicles
is an essential infection control step that must be considered
to reduce the risk and timely interventions of such infections.
Currently, no such study has reported the prevalence of clin-
ically important pathogens and their antimicrobial suscepti-
bility in the ambulances. This study is the first work in India
to describe the level microbial populations in ambulances
and their role as a major source of HAIs.

The presence of pathogenic microorganism in various
sites of ambulance is expected because they are touched
frequently with the hands and come in contact with patient
and patient’s body secretions, i.e., pus, blood, urine, stool,
and other body fluids. Another reason of bacterial contami-
nation can be failure in effective cleaning and disinfection of
the vehicles, lack of consistency in frequency of cleaning, and
faultier method of cleaning.

In our study, we have isolated 28 (14.2%) pathogenic iso-
lates. The most common bacteria isolated was S. aureus 9
(32%) which is similar to other studies by Brown et al®° and
Orellana et al'® which depicted S. aureus as an important
opportunistic bacterial pathogen frequently identified in
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ambulances in Southern Maine and in Ohio, respectively.
Two (7%) isolates in our study were detected as MRSA, which
is similar to a German study'! that reported comparatively
lower MRSA contamination rates of ambulances (7-9%).
However, a study by Datta et al'?> done earlier in our hospi-
tal showed the prevalence of MRSA as 35%. Another study
by Eibicht et al'* showed MRSA contamination of ambulance
cars after short-term transport of MRSA-colonized patients
is restricted to the patient stretcher. Another study showed
approximately 50% of ambulances to be contaminated by
MRSA which is contrary to our study.

A study by EI-Mokhtar and Hetta'> showed similar results
like our study in which S. aureus were the most frequently
detected microorganisms from the collection sites followed
by K. pneumoniae and E. coli. Another study by Nigam and
Cutter'® showed gram-negative coliforms of a variety of
genera including Enterobacter, Klebsiella, and Escherichia
commonly detected in the ambulances, suggestive of contam-
ination with fecal or soil matter. The highest contamination
rate with pathogenic bacteria was detected from oxygen flow
meter knob (60%) similar to study by Alrazeeni et al,® suction
machine tubing (60%), and stethoscope (40%) which is simi-
lar to an Egyptian study.’® Another work by Merlin et al also
depicted that medical devices such as stethoscopes showed a
high rate of Staphylococcus (MRSA) contamination.'” The rea-
son for high prevalence of S. aureus could be its presence in the
nose of approximately 30% of healthy adults and on the skin
of approximately 20% and by frequent and repeated touch-
ing of the surfaces of ambulance and other equipment with
hands it can be easily transferred. The percentages are higher
for people who are patients in a hospital or who work there.
Studies also showed that a recurrent route of infection trans-
mission occurred due to touching of contaminated surfaces
or medical equipment by paramedic’s gloved or ungloved
hands and by patient’s contact with contaminated surfaces
or items.'” There are studies which highlighted the role of
EMS worker sanitation as an important contributing factor to
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HAI transmission and health care uniforms have been impli-
cated as a fomite for HAI transmission in hospitals.!®2?°

The identification of any pathogenic microorganism in
ambulance raises special concerns since ambulance staff may
get infected and these pathogens can also be transmitted to
new patients, or relatives who may travel along with the
patient to the hospital. Thus, it is important to understand
that ambulances can be a potential source of contamination,
and therefore, more intense infection control mechanisms
and disinfection practices need to be employed. There should
be stringent disinfection protocols including initial mopping
or wiping which can bring down the microbial loads from
the surfaces contaminated with gross contaminants like
blood, dust, or dirt, any body fluids, etc., to be followed by
cleaning and disinfection using various disinfectants like 1 to
10% hypochlorite solution, 70 to 80% alcohol, glutaraldehyde,
quaternary ammonium chloride, etc.!® As per HICC policy of
our hospital, after every use of any equipment/instrument,
ambulance is cleaned with disinfectant (70% ethanol or
hypochlorite solution). This is the reason that in our study
no bacteria were isolated from ambubags. However, growth
of bacteria from other sites in our study could be due to the
presence of organic matter and formation of bacterial biofilm
which may reduce the efficacy of terminal cleaning proce-
dures as it enables bacteria to resist disinfectants and survive
in the environment for a long time.?!

The hospital infection control programs being followed at
most of the hospitals do not widely focus on ambulance dis-
infection, which should ideally be of concern as part of public
health administration. Ambulance staff should be properly
trained in various disinfection protocols including good hand
washing practices, proper donning and doffing of personal
protective equipment.

The absence of any existing data on prevalence of patho-
genic microorganisms in ambulances especially from the
developing countries adds to the importance of conducting
and publishing this study. Although there are thousands of
published studies on HAIs but only a few have looked into
the prevalence of pathogenic microorganisms and effective-
ness of cleaning protocols and practices in the EMS structure
of the developing countries. Prevention of HAIs needs to be
considered on high priority especially in developing coun-
tries like India where the prevalence of these infections is
up to three times higher as compared with other countries.
Cleaning of vehicles, equipment, and supplies regularly and
on time-tabled cleaning schedules apart from disinfection
after every transport should be the basic protocol to pre-
vent such spread of bacterial contamination specially with
drug-resistant bacteria in prehospital care settings.??

Conclusion

Our study provides evidence that ambulances represent a
source of prehospital bacterial contamination. Though the
prevalence is very low because of good infection control
policy adopted by our hospital, ambulances are religiously
disinfected after every visit. However some areas still
need improvement and require proper standard operating
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procedures of disinfection policies of these emergency vehi-
cles and the equipment installed in it.
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