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Abstract: (1) Background: Firefighters spend about 64% of their time responding to medical emer-
gencies and providing medical care without a patient history, which can render them vulnerable to
healthcare-associated infections (HAI). Infection prevention, control, and surveillance systems have
been instituted at hospitals. However, the prevalence of firefighters’ exposure to HAI is unknown.
The objective of this study was to document evidence of HAI on surfaces in fire stations and engines
to inform disinfection procedures and identify which pathogens might contribute to occupational
exposures. (2) Methods: High-touch or high-use surfaces of two fire departments were sampled
during five separate occasions. One fire station from one fire department was sampled over a 4-week
period, whereas four fire stations were sampled from a different fire department only once. Sampled
surfaces included: entryway floor, washing machine, medical bag, back seat of engine, keyboard
of reporting computer, engine console, and uniform pants. (3) Results: Multiple statistical models
determined that bacterial contamination was similar between the two fire departments and their
stations. Keyboards were the most contaminated surface for all fire stations and departments, E. coli
was the most common bacteria detected, and C. difficile was the least detected bacteria. Adjustments
for rates of contamination found that contamination rates varied between fire stations. (4) Conclu-
sions: Comprehensive environmental sampling and clinical studies are needed to better understand
occupational exposures of firefighters to HAI.

Keywords: healthcare-associated infections; firefighter; surface contamination

1. Introduction

As first responders, firefighters participate in a broad range of activities outside of
fire control. Research has shown that, nationally, firefighters spend an average of 64%
of their time responding to medical emergencies [1]. Thus, just like emergency medi-
cal service (EMS) personnel, firefighters have the potential for occupational exposure to
blood-borne and other pathogens, which increases their risk for occupationally acquired
infections [2]. Firefighters may wear uniform trousers and shirts (which may or may not
be flame-resistant) or they may wear turnout gear (that provides barriers to fire, heat, and
moisture) when responding to medical emergencies. Pathogens can easily contaminate
these uniforms and turnouts during rescues and medical emergencies, increasing the risk
of infecting the firefighter while dressed or during doffing and donning procedures. Addi-
tionally, many firefighters are paramedics and EMS-certified and may thus provide initial
emergency medical treatment. Like other EMS personnel, these firefighters must care for
many different types of patients, often providing initial medical care without a patient
history, which can render them vulnerable to dangerous or highly infectious pathogens.
The need for proper sanitation and hygiene practices is paramount for first responders
with the increasing prevalence of highly infectious pathogens, such as methicillin-resistant
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Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus (VRE), Clostridium dif-
ficile, tuberculosis, coronavirus, and HIV [3–7]. However, unlike other EMS personnel,
firefighters may wear the same contaminated uniform or turnouts and ride in the same
vehicle for multiple calls without undergoing decontamination.

The exposure levels of firefighters to healthcare-associated infections (HAI) are un-
known, even though they are typically the initial encounter in emergency patient care.
HAI are of concern because they cause bloodstream, urinary, and skin infections, as well as
pneumonia and colitis, which may spread between firefighters and to others they come into
contact with. Infection prevention, control, and surveillance systems have been instituted
at most hospitals because, in addition to patient risk, the community is at risk of drug- and
multidrug-resistant bacteria, such as MRSA and strains of E. faecalis, S. pneumoniae, and P.
aeruginosa, that are resistant to antibiotics [7–10].

Respiratory and enteric viruses such as influenza, adenovirus, and norovirus cause
regular outbreaks and annual epidemics. Each year, there are 3–5 million cases of severe
influenza, causing up to half a million deaths [11]. Even though a vaccine is available for
influenza, its effectiveness is roughly 60% and, even more concerning, is the lack of vaccine
coverage among healthcare workers. In Europe, annual influenza vaccine coverage among
healthcare workers is less than 30% [12], while in the United States, vaccine coverage
is roughly 77% [13]. Unfortunately, firefighters are not included under the healthcare
worker umbrella and their vaccine coverage is likely much lower. Most fire departments
do not require annual influenza vaccinations despite them being recommended by the
National Fire Protection Association (NFPA) [14]. Additionally, a recent poll of firefighters
regarding COVID-19 vaccination found that only 50% of 1300 respondents were willing
to be vaccinated without an FDA-approved vaccine [15]. This highlights a disconnect
between infection control measures between healthcare and fire departments.

Viruses play a significant role in HAI, as evidence shows that viral infections predis-
pose patients to bacterial infections through the overproduction of inflammatory cytokines
and dysbiosis of systemic microbiomes [16–18]. For instance, infection with Influenza
A virus disrupts enteric microbiota, rendering the small intestine more vulnerable to
Salmonella Typhimurium [18]. Recent work has found that patients critically ill with COVID-
19 had secondary P. aeruginosa and Enterobacterales infections [19]. Further, patients with
norovirus, adenovirus, astrovirus, and sapovirus have increased severity of C. difficile
symptoms [20,21].

First responders are the primary vectors for pathogens in pre-hospital settings [22,23].
Even with proper training for hand washing and use of personal protective equipment
(PPE), there is often lack of compliance [24–26]. Lack of compliance is not intentional. In
cities and other heavily populated areas, there are short periods of time between calls
and a lack of time for proper cleaning of gear, PPE, and vehicles [27,28]. Uniforms [27,29],
equipment [30], and vehicles [23,31,32] can harbor contamination, resulting in unintentional
infection of first responders, patients, and other workers, as well as contamination of work
and living environments in fire stations [5].

Bacteria, yeasts, and molds are also problematic for firefighters and other first re-
sponders, and surface contamination with these pathogens has recently been found to be
significant in the transmission of many diseases [33–43]. A study evaluating 65 high-touch
surfaces in 11 vehicles (ambulances and fire engines) and common areas of two fire stations
found that bacterial, yeast, and mold contamination of the surfaces was significant [44].
Reports on surface contamination of ambulances and occupational exposures of EMS
show that several drug-resistant bacteria and highly contagious viruses are of concern,
especially in iatrogenic and nosocomial infections (Table 1) [44–48]. Low concentrations
of enveloped respiratory viruses have been found to retain infectivity on common envi-
ronmental surfaces, such as Teflon, polyvinyl chloride (PVC), ceramic tiles, glass, silicon
rubber, and stainless steel [49]. People colonized or infected with these organisms shed
these pathogens into their environments, contaminating surfaces at concentration levels
sufficient for extended survival time periods and allowing for transfer to others through sur-
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face contact [50]. In fire stations, living and garage areas are susceptible to contamination,
demonstrating the need for concerted effort in regular decontamination [50].

Table 1. Common healthcare-associated infectious agents and their justification as targets in this study.

Organism Classification Justification

Bacteria

M. tuberculosis Gram - Nosocomial transmission [40,41]

E. coli Gram - Contaminates surfaces and textiles [42,43]

P. aeruginosa Gram - Contaminates surfaces in ambulances [44,45]

E. faecalis Gram + Contaminates surfaces and textiles [42,43]

C. difficile Gram + Contaminates surfaces and textiles [42,43] and resistant to laundering [43]

MRSA Gram + Present in EMS workers and on EMS equipment [6,46]

S. pneumoniae Gram + Present in EMS workers and on EMS equipment [6,46]

Viruses

Influenza Enveloped Highly contagious, vaccine available but many refuse [47]

Adenovirus Non-Enveloped Highly contagious, major cause of emergencies in elderly [48]

Norovirus Non-Enveloped Highly contagious, spread by contact and aerosol, environmentally stable [49,50]

Disinfection standard operating protocols (SOPs) in place may not be sufficient in
high-touch, high-use areas or against environmentally stable pathogens. The primary
objective of this study was to document evidence of the HAI (see Table 1) on surfaces at
fire stations and engines to inform disinfection procedures and identify which pathogens
might contribute to occupational exposures.

2. Materials and Methods

Two fire departments located in the southern region of the United States provided
access for environmental sampling of specific surfaces. Fire Department 1 (FD1) provided
access to 1 fire station for repeated environmental sampling over 4 weeks. Fire Department
2 (FD2) provided access to 4 stations for incidental environmental sampling of the same
surfaces as were sampled in FD1. The following surfaces were selected for environmental
sampling because they were either high-touch or high-use: fire station entryway floor
(vinyl), uniform washing machine (stainless steel), fire engine medical bag (canvas), back
seat of fire engine (textile), fire station computer keyboard (acrylonitrile butadiene styrene
or ABS), fire engine console (unknown), and uniform pants. Protective clothing uniforms
were made from aramid fibers (98%) and carbon filament (2%). According to the CDC,
the most common bacterial HAI are Clostridium difficile, MRSA, E. coli, Enterococcus faecalis,
Pseudomonas aeruginosa, and Streptococcus pneumoniae [7]. These pathogens have been found
to infect EMS workers and to contaminate a variety of surfaces in ambulance and healthcare
settings (Table 1).

For surface sampling, sterile cotton gauze pads (2” × 2”) were moistened with sterile
phosphate-buffered saline and then a 100 cm2 section of each surface was wiped. The gauze
pads were then placed into 15 mL conical tubes containing 3 mL DNA/RNA Shield (Zymo
Research #R1100) and heated to 80 degrees C. DNA and RNA were extracted using kits
per the manufacturer’s instructions (Quick-DNA miniprep #D4300 and Quick-RNA Viral
Kit #R1034, Zymo Research). RNA was converted to cDNA with High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems #4368814) per instructions. RT-PCR was
performed using TaqMan Gene Expression Master Mix (Applied Biosystems #4369542).
Primer-probe sets for pathogens were obtained from diagnostic sets from the CDC, WHO,
or from peer-reviewed studies on pathogen detection and diagnostics, as cited in Table 2.
∆Ct analysis was performed and a two-fold change over background signal was used to
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determine if a pathogen was detected. Pathogens were not quantified and thus data on
pathogen detection is considered in a binary nature; either the pathogen was detected and
thus ‘present’ or it was ‘absent’.

Table 2. Primers and probes (5′-3′) used for detection of nucleic acids on surfaces.

Forward Reverse Probe Ref.

M. tuberculosis CTCGACCTGAAAGACGTTATCC CTCGGCTAGTGCA
TTGTCATA

FAM-AGTACACAT/ZEN
quencher/CGATCCGGTTC
AAGCG-BHQ

[51]

E. coli O157:H7 CAACGTGGATTTCATCAA TAGGTATATCGGAAGGAGA FAM-AGCAACCGTTCCATT
ACTTACAG-BHQ [52]

E. faecalis CCCATAGTAAAGGATACATAC CGCTGTGATTTCTTCTTA FAM-CCTGAATGAATTGAACACC
ATGCCT-BHQ [52]

P. aeruginosa GGCGTGGGTGTGGAAGTC TGGTGGCGATCTTGAACTTCTT FAM-TGCAGTGGAACGACA-
MGBNFQ [53]

C. difficile GCAAGTTGAGCGATTT
ACTTCGGT

GTACTGGCTCACCTTTGATATT
YAAGAG

FAM-TGCCTCTCAAATATATTAT
CCCGTATTAG-BHQ1 [54]

MRSA AAAGCGATTGATGG
TGATACGGTT

TGCTTTGTTTCAGG
TGTATCAACCA

FAM-ATGTACAAAGGTCAACCAA
TGACATTYAGA-BHQ [55]

S. pneumoniae TAAACAGTTTGCCTGTAGTCG CCCGGATATCTCTTTCTGGA FAM-AACCTTTGTTCTCTCTCGT
GGCAGCTCAA-BHQ [56]

Adenovirus CGTCTTCAAYCGCTT TGTAGACGTAGGGACAGG FAM-CCGTCAGTGAAAA
CGTGC-BHQ [57]

Norovirus 1 GTAAATGATGATGGCGTCTAA ACCCADCCATTRTACATYTG FAM-GATGGCGTCTAA
GGACGC-BHQ [58]

Norovirus 2 CTYAGGCARATGTACTGGACY TCGACGCCATCTTCATTCAC FAM-GGAGCCAGATTG
CGATCGC-BHQ [58]

Influenza A CCMAGGTCGAAACGTAYG
TTCTCTCTATC

TGACAGRATYGGTCTTGTCTTT
AGCCAYTCCA

FAM-ATYTCGGCTTTGA
GGGGGCCTG-MGB [59]

Influenza B GGAGCAACCAATGCCAC GTKTAGGCGGTCTTGACCAG FAM-ATAAACTTTGAAGC
AGGAAT-MGB [60]

A one-way ANOVA with a Tukey–Kramer post hoc test was used as a preliminary
assessment, to determine if microbes were detected equally among the dates of collection
and across station locations, and to determine if there were correlations between surface
type and contamination. Due to the binary nature of the data, and the presence or absence
of a pathogen for a given reading, logistic regression was performed to obtain odds ratios
with Wald confidence intervals. Logistic regression models were fit for surfaces and
pathogens separately (single variable, unadjusted) and then a multivariate model was
fitted to the data. For interpreting the impact of EMS calls on bacterial contamination at a
station, p-values were calculated to compare rates across stations using Fisher’s exact tests.

3. Results

The results for FD1 represent four discrete sampling events over time at a single fire
station (Table 3). M. tuberculosis, E. coli, E. faecalis, P. aeruginosa, C. difficile, MRSA, and
S. pneumoniae were each identified at least once from environmental samples during the
4-week period. None of the viral targets were detected. Statistical analysis of FD1′s pooled
environmental sampling determined a lack of a statistical difference in the detection of
microbes among the dates of collection (p = 0.191). When testing for interaction between
surface type and contamination at FD1, no surface was more likely than any other surface
to be contaminated (p = 0.068). Additionally, the incidence of a specific pathogen on a
surface was not significant (p = 0.361) and the date of specimen collection was also not
significant (p = 0.145).

The results for FD2 represent incidental sampling across four different fire stations
on the same day (Table 4). Similar to FD1, no viral pathogens were detected, while M.
tuberculosis, E. coli, E. faecalis, P. aeruginosa, MRSA, and S. pneumoniae were each identified
at least once from environmental surface samples. C. difficile was not detected on any
surface. Tukey–Kramer post hoc pairwise comparisons indicated that microbes were
detected equally among the four fire stations (p = 0.9842). When testing for interaction
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between surface type and contamination, significant differences were found (p = 0.0465).
More specifically, no bacterial pathogens were detected on the uniforms sampled at any
FD2 station, and keyboards were significantly more likely to be contaminated (p ≤ 0.05)
than any other surface. Additionally, the incidence of a specific pathogen on a surface was
significant at FD2 (p = 0.0192).

Table 3. Pathogens found on sampling sites by week of collection (1, 2, 3, 4) at FD1.

M. tuberculosis E. coli E. faecalis P. aeruginosa C. difficile MRSA S. pneumoniae

Uniform 1 1 2

Keyboard 2, 1 1, 2, 3 2

Washer 1 1, 2, 3 1 3

Floor 3 1, 4 1, 4 1, 2

Bag 1, 3

Console 2 2, 3 3

Seat 3

Table 4. Pathogens found on sampling sites by station location (A, B, C, D) at FD2.

M. tuberculosis E. coli E. faecalis P. aeruginosa C. difficile MRSA S. pneumoniae

Uniform

Keyboard A, C B, C A C D

Washer C D D

Floor B A A

Bag A, D B, C, D

Console C B

Seat B

Bacterial nucleic acid was detected in the visited fire stations on keyboards (n = 13), on
floors (n = 10), and in washing machines (n = 9); in the fire engines on medical bags (n = 7),
on consoles (n = 6), and on seats (n = 2); and on firefighter uniforms (n = 3) (Tables 3 and 4).
Comparisons using Tukey–Kramer HSD adjustments for multiple comparisons did not
indicate significant differences in the occurrence of contamination between the surfaces,
though keyboards were more likely to have bacteria detected, and uniforms, consoles, and
seats were less likely to have bacteria detected (Table 5). Additionally, FD1 was more likely
to have contaminated uniforms (p = 0.0277).

Table 5. Significance of the incidence of bacteria on surfaces at both FD. p-values were obtained using
Tukey–Kramer HSD adjustments for multiple comparisons to determine if one type of surface was
more likely to have bacteria than another. No statistical significance was found.

Uniform Keyboard Washer Floor Bag Console Seat

Uniform 0.0722 0.6177 0.4283 0.9179 0.9795 0.9999
Keyboard 0.9179 0.9795 0.6177 0.4283 0.0722
Washer 0.9999 0.9977 0.9795 0.6177
Floor 0.9795 0.9179 0.4283
Bag 0.9999 0.9179
Console 0.9795

Table 6 reports p-values obtained from Tukey–Kramer comparisons of the detected
bacteria between the fire departments. E. faecalis was most likely to be detected on surfaces
at FD2 (seven occasions) than FD1 (one occasion). S. pneumoniae was more likely to be
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found on tested surfaces at FD1 (five occasions) than FD2 (one occasion) (p = 0.03907)
but was not detected significantly more or less than any other bacteria detected. The
detection of more E. coli at FD1 (nine occasions) than at FD2 (six occasions) was significant
(p = 0.03907). E. coli was also significantly more likely to be detected at either FD than M.
tuberculosis (p = 0.0117) and C. difficile (p = 0.0004). MRSA was detected seven times at
FD1 and two times at FD2 (p = 0.047) but was not detected significantly more or less than
any other bacteria detected (Table 6). There was no significance between either FD for the
detection of P. aeruginosa, E. faecalis, C. difficile, or M. tuberculosis (Table 6).

Table 6. Significance of the incidence of specific bacteria at both FD. p-values were obtained using Tukey–Kramer HSD
adjustments for multiple comparisons to determine if one type of bacteria was more likely to be present than another.

M. tuberculosis E. coli E. faecalis P. aeruginosa C. difficile MRSA S. pneumoniae

M. tuberculosis 0.0117 0.9140 0.9783 0.9783 0.7852 0.9975
E. coli 0.2524 0.1368 0.0004 0.4149 0.0666
E. faecalis 0.9999 0.4149 0.9999 0.9975
P. aeruginosa 0.6056 0.9975 0.9999
C. difficile 0.2524 0.7852
MRSA 0.9783

Due to the binary nature of the data (present vs absent), logistic regression was
performed to obtain odds ratios with Wald confidence intervals. Unadjusted models
examined a single factor (surface or bacteria), while adjusted models included both surface
and bacteria (Table 7). The factor with the highest count was chosen as the reference group
(i.e., keyboard and E. coli) since having a large sample makes the model more stable. As a
result, all odds ratios are less than one, meaning a reduction in the odds of bacteria relative
to the reference groups.

Table 7. Logistic regression models of surface contamination and bacteria type at both FD. The
unadjusted columns are for models with just the single factor (either surface or pathogen) and the
adjusted columns are for a model with both included. OR = odds ratio, CI = confidence interval, and
# = likelihood ratio test of the overall factor in the model.

Unadjusted Adjusted
OR (CI) p-Value OR (CI) p-Value

Surface

Keyboard Reference 0.0380 # Reference 0.0011 #

Floor 0.7191 (0.2856, 1.8103) 0.4839 0.6987 (0.2670, 1.8296) 0.4654
Washer 0.6334 (0.2461, 1.6300) 0.3437 0.6096 (0.2279, 1.6306) 0.3241
Bag 0.4725 (0.1728, 1.2922) 0.1441 0.4462 (0.1572, 1.2662) 0.1294
Console 0.3969 (0.1389, 1.1339) 0.0845 0.3713 (0.1254, 1.0995) 0.0736
Seat 0.1872 (0.0501, 0.6997) 0.0127 0.1702 (0.0442, 0.6555) 0.0101
Uniform 0.1872 (0.0501, 0.6997) 0.0127 0.1702 (0.0442, 0.6555) 0.0101

Pathogen

E. coli Reference 0.0014 # Reference 0.0287 #

MRSA 0.4787 (0.1910, 1.2001) 0.1162 0.4584 (0.1781, 1.1802) 0.1060
E. faecalis 0.4167 (0.1617, 1.0739) 0.0699 0.3966 (0.1499, 1.0491) 0.0624
P. aeruginosa 0.3571 (0.1338, 0.9530) 0.0398 0.3379 (0.1235, 0.9249) 0.0347
S. pneumoniae 0.3000 (0.1075, 0.8372) 0.0215 0.2822 (0.0987, 0.8071) 0.0183
M. tuberculosis 0.1923 (0.0596, 0.6200) 0.0058 0.1788 (0.0542, 0.5893) 0.0047
C. difficile 0.0455 (0.0058, 0.3570) 0.0033 0.0415 (0.0052, 0.3306) 0.0026

The surface type is statistically significant in the unadjusted model (likelihood ratio
test p-value = 0.038). The two surfaces with least bacteria, seat and uniform, significantly
reduce the odds (p = 0.013 for both), with an estimated decrease in odds of approximately
81% compared to keyboards. Consoles had reduced odds of bacterial contamination by
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just over 60% (p = 0.085). Additionally, the estimated reduction in odds is fairly high for
other surfaces compared to the reference group, although not statistically significant. The
adjusted logistic regression model found that both bacteria (p = 0.0287) and surface type
(p = 0.0011) were statistically significant. Keyboards were 5.8758 times more likely to have
bacterial contamination than seats and uniforms, and floors were 4.1053 times more likely
to be contaminated than seats and uniforms (p = 0.0445).

Since the different fire stations at FD2 service different community demographics,
we investigated whether rates of EMS calls between the stations would influence the
interpretation of surface contamination. We computed rate ratios where the rates are
observed counts of bacteria in each FD2 station divided by the number of EMS calls for
that station (Table 8). In other words, the rates are:

Station rate =
# observed pathogen (out o f 49 possible)

# EMS calls
= “pathogens/EMS” (1)

We used station A as the reference group as it has the lowest rate of contamination with
all five pathogens and the highest number of EMS calls (Table 8). All other stations differ
from station A significantly, with rate ratios suggesting a much higher rate of observed
bacteria count per EMS call. B was 5.8 times greater (p = 0.01, CI: 1.66, 19.88), C was 5 times
greater (p = 0.01, CI: 1.52, 16.33), and D was 7.9 times greater (p = 0.0027; CI: 2.30, 27.41)
(Table 9).

Table 8. Number of calls by type of call for FD2 during 2020.

Station Total Calls/Year EMS Other Fires

A 7624 6302 1322 89
B 1501 1095 406 42
C 1862 1517 345 28
D 1106 794 312 17

Table 9. Logistic regression models of rate of bacterial contamination per EMS call for FD2. OR = odds
ratio. CI = confidence interval.

Station OR (CI) p-Value
Fisher Exact

A 1.00
B 5.7552 (1.6661, 19.8797) 0.0094
C 4.9851 (1.5214, 16.3343) 0.01
D 7.937 (2.2977, 27.416) 0.0027

4. Discussion

Fire departments have access to standard operation protocols for exposure control
of occupational health hazards, including exposure to infectious pathogens. Internal oc-
cupational exposure control protocols provide methods of compliance for work practices
(e.g., washing hands with soap and water, flushing mucus membranes with water, and dis-
posing of infectious waste), for personal protective equipment (PPE), for vaccines, and for
post-exposure evaluations. External occupational exposure control protocols also provide
recommendations for firefighters, specific to exposure control. For example, the CDC has
recommendations for firefighters and EMS workers providing medical treatment to and
transporting ill patients that are specific to infectious viruses like SARS-CoV-2 [61]. These
external protocols provide PPE recommendations (e.g., wearing N95 respirators, gloves,
eye protection, and gowns), PPE replacement and disposal guidelines, and recommenda-
tions for PPE and surface decontamination.

Environmental surfaces can become heavily contaminated with pathogens, leading
to contact transmission and increased risks of infection [31,62–64]. Studies have reported
that most gram-positive bacteria can survive for a few days to several months on dry
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surfaces. Examples include Enterococcus spp. (5 days to 4 months) and Staphylococcus aureus
(7 days to 7 months) [36,65,66]. Many gram-negative bacteria, such as Acinetobacter spp.,
E. coli, Klebsiella spp., and M. tuberculosis, can survive for just as long [65,67,68]. Yeasts
have been shown to be viable on environmental surfaces for up to 4 to 5 months [69]. Most
respiratory viruses (e.g., influenza, SARS, and SARS-CoV-2) can persist on surfaces for
up to a week, whereas viruses from the gastrointestinal tract (e.g., astrovirus, poliovirus,
or rotavirus) are viable for about 2 months [39,69]. Further, evidence has indicated that
the type of surface material plays a role in the survival time of some pathogens [70,71].
The longer a pathogen persists on a surface, the longer it may be a source of transmission
and infection [69]. Thus, surface material along with disinfection agents and methods are
factors in decontamination protocol development. The risk of cross-contamination poses
another challenge in firefighter environments, due to firefighters who may act as vectors
by moving through vehicles, stations, and other environments [2,72,73]. Effective cleaning
strategies for all environments are necessary to minimize the risk of exposure. Increasing
disinfection time points of surfaces, disrupting the contamination cycle, and increased
hand and PPE hygiene are critical to reduce first responder risk.

It was noted during station visits that the standard operation protocols were not
consistent. For instance, FD1 mopped their entryway daily, while FD2 provided disinfecting
entry mats in front of entryways into the work–live space. It was noted that some fire
stations were correctly using the entry mats, while others were not. It was observed
that all firefighters from both departments entered the station and filed reports on the
keyboards prior to washing hands. One station was so busy that firefighters went to
multiple calls before returning to the station, generating reports, and then washing hands.
It was also observed that handwashing practices were not consistent within or between
fire departments, and none of the fire stations in this study had handwashing facilities
located outside of the work–live space. Further research is warranted to investigate if
these observations are contributing to environmental surface contamination and risk of
firefighter exposure to HAI.

Whether microbes are from medical calls or from firefighters, they still pose a risk
to both the firefighter and the patients they care for. The CDC has outlined guidelines
for preventing transmission of infectious agents in healthcare settings, which include
universal surveillance, contact precautions for patients identified as carriers of MRSA or
other drug-resistant organisms, enhanced hand hygiene, and individual responsibility for
infection control for anyone with patient contact [74,75]. Research has shown that even
though MRSA is endemic, medical workers have higher rates of MRSA colonization than
the general population [76]. VRE causes infection for inpatients with weakened immune
systems, it has a 10% fatality rate, and it is spread by person-to-person contact or contact
with contaminated surfaces [77].

M. tuberculosis was detected on the keyboards at two fire stations, and the washing
machine at one of those stations. While tuberculosis transmission occurs primarily via res-
piratory droplets and not surfaces [78], laboratory experiments have shown that ingestion
of M. tuberculosis can cause disease [79]. The presence of TB on keyboards is concerning
since it is a high-touch area that all workers at the fire station are exposed to. Florida and
Texas have the highest rates of tuberculosis in the United States and the fire stations we
sampled are adjacent to counties with the highest transmission rates for the state [80–82].

The design of this environmental surface sampling study has limitations that must be
considered to assign the appropriate context to its outcomes. This study was not designed
to determine if the microbes detected are brought in by firefighters from active duty or
from off duty and did not coordinate sampling times with the cleaning schedules of the fire
stations. Additionally, the small sample size collected over a few days makes the statistical
estimates less precise. Thus, the true burden of environmental contamination cannot be
determined, as the data set was small with a limited number of sampling sites. Viruses
were not detected on any sample in this study. The lack of detection of influenza viruses
is likely due to the lack of influenza circulation in the general population at the time of
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sample collection. Clearly, a comprehensive environmental sampling and clinical study is
needed to better understand occupational exposures of firefighters to HAI.

5. Conclusions

Multiple types of microbes associated with HAI were detected on surfaces at every fire
station sampled and all fire stations exhibited similar incidences of bacterial contamination.
A comprehensive environmental sampling and clinical study is needed to better understand
occupational exposures of firefighters to HAI.
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