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INTRODUCTION  

Methicillin-resistant Staphylococcus aureus (MRSA) is a Gram-

positive bacteria capable of causing various infections which are 

difficult to treat with several groups of antibiotics.1 Methicillin-

resistant Staphylococcus aureus  can be found in 7% to 49% of 

ambulances.2–4 In these studies, MRSA contamination was found in 

patient care and non-patient care areas. A major concern for MRSA 

found in any health care environment is that it is an occupational 

and patient safety hazard for those who come in contact with con-

taminated surfaces.5  
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Higher MRSA environmental contamination within the health care 

setting have correlated with increased human carriage.6 These 

findings likely explain why MRSA rates in emergency medical ser-

vices (EMS) providers have been reported higher than the general 

population.7 High MRSA contamination rates within ambulances 

and MRSA carriage among EMS providers suggest a threat to infec-

tion control.6,7 Reducing MRSA from the environment may reduce 

MRSA carriage in health care providers or in the patients utilizing 

EMS services. 

Unfortunately, no well-established protocols exist to efficiently 

screen for MRSA environmental contamination in the EMS setting. 

A method to use electrostatic wipes has been suggested as a more 

efficient environmental surface sampling approach.8 The use of 

electrostatic wipes for environmental MRSA contamination re-

mains uncommon and no known studies have been performed in 

ambulances. Furthermore, most of the screening methods report-

ed are heavily focused on individual surface sampling, which sig-

nificantly increase the logistics and cost of screening ambulances 

to determine their contamination status and the need for deep 

cleaning and disinfection.2–4  

The study’s objective was to compare 2 environmental sampling 

methodologies to identify MRSA contaminated ambulances. The 

first was to sample each surface individually (traditional method). 

The second approach sampled several surfaces using a single elec-

trostatic wipe, hereafter referred to as “pooled sampling.” Pooled 

sampling may reduce the burden of sample collection resources 

(ie, time, personnel, and cost). Knowledge gained from this study 

could aid future infection control practices and guidelines by facili-

tating the screening of emergency vehicles.  

METHODS  

Setting 

Between March 2009 and March 2010, Ohio had 1 338 EMS agen-

cies registered in 10 EMS regions. The dates as to when these data 

were collected is irrelevant since the purpose of the study was to 

compare the sampling techniques. Agencies were located through-

out Ohio in both rural and urban settings. For the study duration, 

every agency had at least 1 functioning ambulance. 

Design 

This was a cross-sectional sample of ambulances from 84 random-

ly selected Ohio EMS departments. To obtain state-wide represen-

tation, agencies were sampled from each of Ohio’s 10 EMS regions 

and from urban and rural locations within each region. Within these 

selected agencies, up to 2 ambulances were screened for MRSA.  

Participants 

Samples were collected from 145 different ambulances. Ambu-

lance types eligible for environmental surface sampling included 

small ad hoc vehicles, vans, custom made heavy trucks, and heavy 

trucks. No ambulances were excluded after enrollment. For each 

sampled ambulance, data regarding agency, personnel, and vehicle 

characteristics were collected. Model year refers to the year that 

the vehicle was manufactured. Agency setting refers to whether or 

not the ambulance was housed at a rural or urban agency. 

Procedures 

Because the ambulance screening was performed in conjunction 

with human sample collection,7 approval for the use of human 

subjects was granted from the Office of Responsible Research 

Practices Institutional Review Board at The Ohio State University. 

Multiple samples from within ambulances were collected via an 

electrostatic cloth (Swiffer®). In ambulances with surfaces individ-

ually sampled, 9 separate samples were collected from the ambu-

lance cot, bench seats, cabinet doors/handles, doorways,  

backboard, steering wheel, ceiling bar, kit handles/straps, and 

clipboard/Mobile Data Terminal (MDT). For the ambulances with 

pooled sampling, 3 pooled samples were collected. Pool One in-

cluded the cabinet doors/handles, doorways, and ceiling bar. Pool 

Two included ambulance cot, bench seats, and long backboard. 

Pool Three included steering wheel, kit handles, and clipboard/

MDT. The researchers selected the 3 pooled sites based on sus-

pected population hazard: paramedic and patient hazard (Pool 

One), primarily patient hazard (Pool Two), and primarily para-

medic hazard (Pool Three).  

Measures 

All samples were initially pre-enriched for 24 hours in buffered 

peptone water media followed by culturing and selection on man-

nitol salt agar plates supplemented with 2 μg/mL of oxacillin. After 

incubation, 3 suspected MRSA colonies were plated on blood agar 

and confirmatory testing was completed according to standard 

protocols as previously published.7 Final MRSA phenotypic confir-

mation was performed on oxacillin screen agar plates supplement-

ed with 4% sodium chloride and oxacillin (6 μ/mL) incubated at 

35 °C for 24 hours. A surface or pooled sample was considered 

contaminated with MRSA if there was at least one MRSA colony 

identified. 

Statistical Analysis 

Summary statistics to describe ambulance characteristics are re-

ported and the MRSA contamination frequency for all ambulances 

was measured. Individual and pooled samples were compared 

using Student t test and Pearson’s chi-square or Fisher exact test. 

Odds ratios (OR) were calculated to compare pooled versus indi-

vidually sampled surfaces for MRSA contamination. All statistical 

procedures were performed in SAS (version 9.3; SAS Institute, Inc. 

Cary NC). Values were determined statistically significant if the  

P value was <0.05.  

RESULTS  

Data regarding ambulance and agency characteristics for the  

2 populations of ambulances (individual versus pooled) were simi-

larly distributed (Table 1). In this study, custom made heavy 

trucks were the most commonly contaminated ambulance type 
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overall (78/118, 66.1%), as well as within individually sampled 

ambulances (29/41, 70.7%) and pooled sampled ambulances 

(49/77, 63.6%) (χ2 P value: 0.5729). Mean model year was 2002 

(SD: 4.4 years) for ambulances individually sampled, and was 

2003 (SD: 4.3 years) for pooled sampled ambulances (t test P val-

ue: 0.4088). A higher proportion of ambulances serving urban 

areas was seen among both the individually sampled group 

(43/60, 71.7%) and pooled sample ambulances (51/85, 60.0%)  

(P value: 0.1735). Finally, the mean number of staff at agencies 

with ambulances that had surfaces individually sampled was 30.1 

(SD: 11.7) and agencies with ambulances that had pooled surface  

sampling was 35.1 (SD: 22.4) (P value: 0.1232). No significant dif-

ferences were seen in the baseline characteristics between indi-

vidually sampled and pooled ambulances which allowed us to 

compare the 2 groups. 

Thirty-two percent (47/145) of all ambulances had at least  

1 MRSA contaminated surface (Table 1). When comparing the  

2 sampling methods, no significant difference was observed re-

garding the overall MRSA contamination in individually sampled 

ambulances (24/60, 40%) versus the pooled ambulances (23/83, 

27.6%) (P value: 0.1000). Examining by surface location, Pool Two 

(primarily patient contact surfaces) had the highest MRSA con-

tamination prevalence in both the individually sampled (17/60, 

28.3%) and pooled groups (17/85, 20.0%). Pool Three (primarily 

paramedic contact surfaces) had a MRSA prevalence of 18.3% 

(11/60) and 15.3% (13/85) for individually sampled and pooled 

sampled ambulances, respectively (P value: 0.6277).  

Only Pool One had a MRSA contamination rate that was signifi-

cantly different for individually sampled ambulances (11/60, 

18.3%), and for pooled sampled ambulances (5/85, 5.9%)  

(P value: 0.0184) (Table 1).  However, after adjusting for relevant 

ambulance and agency characteristics, the odds ratio of MRSA 

detection is not significantly different for Pool One (Table 2). Con-

sistent with the unadjusted findings, the odds ratios of MRSA  

detection were not significantly different between those ambu-

lances that had surfaces pooled and those that did not overall or 

for Pools Two and Three (Table 2). 

DISCUSSION  

The study’s objective was to compare 2 methods for detecting 

MRSA contamination within an emergency health care setting. 

Although individually sampled surfaces provided more positive 

MRSA results, the overall ambulance contamination rate (ie, an 

ambulance tests MRSA positive at any location) was not statistical-

Table1. Prescreening Comparison of Ambulance and Agency Characteristics and MRSA Positive Sites Stratified by Sampling Method-

ology  

  
Ambulances with  

surfaces  
individually sampled  

(n=60) 

Ambulances with 
pooled surfaces  

sampled  
(n=85) 

Total 
(N=145) 

P value 

Ambulance characteristics 
Vehicle type, frequency† (%) 
   Small ad hoc vehicles 
   Van 
   Custom made heavy truck 
   Heavy truck 
  
Model year, mean (SD) 
  
Urban, frequency (%) 
  
Total personnel, mean (SD) 
  
MRSA frequency (%) 
MRSA contaminated ambulances 
  
Pool One, frequency (%) 
   Cabinet doors/handles 
   Doorways 
   Ceiling bar 

Pool Two, frequency (%) 
   Ambulance cot 
   Bench seats 
   Long backboard 

Pool Three, frequency (%) 
   Steering wheel 
   Kit handles/straps 
   Clipboard/MDT 

  
  

1 (2.4) 
0 (0.0) 

29 (70.7) 
11 (26.8) 

  
2002 (4.4) 

  
43 (71.7) 

  
30.1 (11.7) 

  
  

24 (40.0) 
  

11 (18.3)* 
3 (5.5) 
8 (14.6) 
3 (5.5) 

17 (28.3)* 
9 (16.4) 
11 (20.0) 
3 (5.6) 

11 (18.3)* 
4 (7.3) 
7 (12.7) 
0 (0.0) 

  
  

3 (3.9) 
3 (3.9) 

49 (63.6) 
22 (28.6) 

  
2003 (4.3) 

  
51 (60.0) 

  
35.1 (22.4) 

  
  

23 (27.1) 
  

5 (5.9) 
--- 
--- 
--- 

17 (20.0) 
--- 
--- 
--- 

13 (15.3) 
--- 
--- 
--- 

  
  

4 (3.4) 
3 (2.5) 

78 (66.1) 
33 (28.0) 

  
2002 (4.3) 

  
94 (64.8) 

  
33.0 (18.9) 

  
  

47 (32.4) 
  

16 (11.0) 
  
  
  
  

34 (23.5) 
  
  
  
  

24 (16.6) 

  
0.5729 

  
  
  
  
  

0.4088 
  

0.1735 
  

0.1232 
  
  

0.1000 
  

0.0184 
  
  
  
  

0.2434 
  
  
  
  

0.6277 
  

Abbreviations: MDT, Mobile Data Terminal; MRSA, methicillin-resistant Staphylococcus aureus; %, percentage of sample;  
†Frequency values do not add to total number of ambulance sampled due to missing data 
*Artificial pooling of the 3 individual locations 
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ly different from ambulances that were screened using a pooled 

sampling approach. While these findings are from a small study, 

pooled sampling as here described poses a more efficient method 

for pathogen detection and identification of contaminated ambu-

lances. Methods that requires less resources and less logistics (ie, 

requires less than half of the time) needed for collection and test-

ing can efficiently identify contaminated ambulances. Regardless 

of when these data were collected, the findings remain relevant.  

Previous studies sampled a relatively small and homogeneous fleet 

of ambulances which may not be generalizable. However, this 

study found that surfaces associated with high touch areas for 

patients have a contamination rate of 23.5% which falls into the 

range of those studies.2–4,9,10 This study and others show that 

MRSA was found on surfaces that patients were more likely to 

have direct contact.4,11,12 Infected individuals are known to directly 

contaminate their surrounding environment,13,14 and non-infected 

EMS patients are at risk of MRSA acquisition.6 These results con-

tinue to emphasize that sampling and decontamination efforts 

should prioritize surfaces that patients most frequently contact in 

contrast to surfaces only accessible to EMS staff. 

Currently, there are no required active surveillance recommenda-

tions for MRSA environmental contamination in the EMS setting.15 

Ideally, active surveillance would initially allow for baseline meas-

urement and then be used to follow trends over time. Pooled sam-

pling may make statewide surveillance achievable at one-third of 

the cost. However, a more pragmatic approach might be for agen-

cies to bear the onus of routine environmental surveillance that 

may elicit a Hawthorne effect of EMS personnel cleaning habits. An 

alternate use for the pooled technique could be to provide guid-

ance for which ambulances would benefit from lengthy terminal 

disinfection techniques like ultraviolet germicidal irradiation 

(UVGI).16 Methods like UVGI require upwards of 16 hours when 

the ambulance must be decommissioned for cleaning.16 Perform-

ing UVGI on all ambulances is not currently feasible but sampling 

ambulances efficiently using the pooling technique could identify a 

subset of contaminated ambulances that could benefit from UVGI. 

There are several limitations in this study.  First, no statewide 

registry of ambulances exist so there is no method to confirm that 

the ambulances measured in this study are representative of the 

entire state of Ohio. Furthermore, we did not collect location of 

ambulance routes or time of sampling. Agencies enrolled in this 

study, however, were randomly selected and representative of the 

state. Ambulances selected from those agencies were not deter-

mined by agency staff to reduce selection bias. Future research 

may determine how ambulance routes or timing of sampling may 

impact MRSA sample collection. Second, using the same electro-

static cloth to collect pathogens from a larger surface area might 

decrease the sensitivity to detect MRSA. Future studies should 

carefully consider the maximum surface area allowable for a single 

electrostatic cloth to work reliably. Finally, the pooled method 

may not be generalizable for the environmental sampling of other 

pathogens. Depending on the microbiology properties of other 

organisms, other collection techniques  may be required. However, 

the detection of MRSA is frequently used as a marker of environ-

mental contamination.  

Data outlined in this brief report strongly suggest the need for 

EMS infection prevention programs that focus on environmental 

cleaning of ambulances. The number of contaminated surfaces was 

high but not uncommon and presented a threat to infection con-

trol. Culture-based screening methods represent the most accu-

rate and reliable method of determining the adequacy of cleaning. 

Culture-based methods, however, that require extended time for 

sampling and large number of samples will likely not be employed 

beyond research purposes. Limiting the number of required  

samples by pooling may be appealing for routine environmental 

sampling and ambulance screening. Furthermore, microbiologic 

cultures expend agency resources so limiting the total number of 

cultures needed is also highly favorable. Therefore, for circum-

stances requiring targeted environmental surveillance (ie, out-

break investigation or quality improvement), pooled sampling 

provides an efficient method to detect MRSA contaminated ambu-

lances. Performing environmental screening will also help to  

determine the locations within ambulances that are consistently 

contaminated and will guide effective decontamination processes 

ultimately reducing MRSA acquisition for both patients and para-

medics.  

Table 2. Odds Ratios for MRSA Contamination Comparing Pooled Versus Individually Sampled Surfaces 

  Unadjusted analysis 
OR (95% CI) 

Adjusted analysis* 
OR (95% CI) 

  
MRSA contaminated ambulances 
  
Pool One 
  
Pool Two 
  
Pool Three 
  

  
0.56 (0.28 – 1.13) 

  
0.28 (0.09 – 0.85) 

  
0.63 (0.29 – 1.37) 

  
0.80 (0.33 – 1.94) 

  
0.18 (0.03 – 1.03) 

  
0.36 (0.02 – 6.85) 

  
0.18 (0.03 – 1.21) 

  
0.17 (0.03 – 1.14) 

  

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; OR, odds ratio; CI, confidence interval 
*Multivariable analysis adjusted for model year, agency setting (urban vs. rural), and number of agency staff using ambulance 
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PUBLIC HEALTH IMPLICATIONS  

A gap in environmental infection control of MRSA in ambulances 

for over a decade suggests that little progress has been made to 

protect both patients they serve and the providers who service 

them. Emergency medical services agencies have historically not 

conducted active surveillance as a part of infection control.15 Fail-

ure to perform active surveillance has been attributed to time and 

resource limitations.7 The overall findings of this report support 

the use of a novel pooled sampling methodology to detect MRSA 

contaminated  ambulances that is efficient and may be cost-

effective compared to traditional methods. This methodology 

could also be used to implement active or routine surveillance for 

infectious agents like MRSA. Thorough disinfection techniques, 

like UVGI, often require ambulances to be decommissioned for 

extended periods.16 Pooled sampling to detect heavily contaminat-

ed ambulances may be a practical alternative to identify which 

ambulances within a fleet require more rigorous cleaning and 

disinfection.16,17  
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