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ABSTRACT
Rigorous assessment of occupational 
COVID-19 risk and personal protective 
equipment (PPE) use is not well- described. 
We evaluated 9-1-1 emergency medical 
services (EMS) encounters for patients with 
COVID-19 to assess occupational exposure, 
programmatic strategies to reduce exposure 
and PPE use. We conducted a retrospective 
cohort investigation of laboratory- confirmed 
patients with COVID-19 in King County, 
Washington, USA, who received 9-1-1 EMS 
responses from 14 February 2020 to 26 March 
2020. We reviewed dispatch, EMS and public 
health surveillance records to evaluate the 
temporal relationship between exposure and 
programmatic changes to EMS operations 
designed to identify high- risk patients, protect 
the workforce and conserve PPE. There were 
274 EMS encounters for 220 unique COVID-19 
patients involving 700 unique EMS providers 
with 988 EMS person- encounters. Use of 
’full’ PPE including mask (surgical or N95), 
eye protection, gown and gloves (MEGG) 
was 67%. There were 151 person- exposures 
among 129 individuals, who required 981 
quarantine days. Of the 700 EMS providers, 
3 (0.4%) tested positive within 14 days of 
encounter, though these positive tests were 

not attributed to occupational exposure from 
inadequate PPE. Programmatic changes 
were associated with a temporal reduction 
in exposures. When stratified at the study 
encounters midpoint, 94% (142/151) of 
exposures occurred during the first 137 EMS 
encounters compared with 6% (9/151) during 
the second 137 EMS encounters (p<0.01). By 
the investigation’s final week, EMS deployed 
MEGG PPE in 34% (3579/10 468) of all 
EMS person- encounters. Less than 0.5% of 
EMS providers experienced COVID-19 illness 
within 14 days of occupational encounter. 
Programmatic strategies were associated with 
a reduction in exposures, while achieving a 
measured use of PPE.

INTRODUCTION
The first case of COVID-19 in King 
County, Washington, USA, was reported 
on 28 February 2020. Incidence rose 
exponentially in subsequent weeks.1 Emer-
gency medical services (EMS) are the front 
line of the healthcare system, responding 
with incomplete information to provide 
care in heterogeneous, often uncontrolled, 
circumstances. The COVID-19 pandemic 
challenges healthcare worker (HCW) 
safety in part because of limited supplies 
of personal protective equipment (PPE). 
Ideally, EMS strategies would incorporate 
COVID-19 risk assessment and target use 
of the limited PPE resource in order to 
achieve EMS provider safety, extend the 
supply of PPE and support high- quality 
patient care.

The US Centers for Disease Control and 
Prevention (CDC) established criteria for 
COVID-19 testing and case management 
based on history and recent travel to a high- 
risk area, contact with known or suspected 
COVID-19 cases and presence of fever 
and signs/symptoms of lower respiratory 
illness.2 Based on national guidelines, our 
regional EMS system initially adopted 

a screening framework based on travel, 
exposure to known cases and specific 
symptoms. During the initial days and 
weeks of the outbreak, we identified long- 
term care facilities (LTCFs) as high- risk 
locales and observed the atypical presen-
tations involving COVID-19 illness.3–5 As 
a consequence, we implemented a series 
of iterative protocol changes with regard 
to COVID-19 risk assessment and PPE use 
based on the patient’s clinical profile and 
response location.

We evaluated all 9-1-1 EMS responses to 
patients with COVID-19 to (1) determine 
occupational exposure, related workforce 
quarantine and potential transmission, 
and (2) understand how programmatic 
changes influenced occupational expo-
sure, workforce quarantine and PPE use 
amidst the COVID-19 outbreak in Seattle 
and King County.

METHODS
Study design and setting
The study is a retrospective cohort inves-
tigation of EMS providers responding 
to 9-1-1 calls for laboratory- confirmed 
COVID-19- positive patients in King 
County, Washington, USA between 14 
February 2020 and 26 March 2020. 
The first US case was documented in 
neighbouring Snohomish County on 20 
January, with unrecognised transmission 
of COVID-19 until clinical diagnosis 
within King County in late February 
2020.6 7 EMS providers who cared for 
patients with COVID-19 were moni-
tored through 9 April 2020 to complete 
a 14- day surveillance after the final 
patient encounter date. During this time, 
COVID-19 disease was defined by the 
State of Washington as positive reverse 
transcriptase- PCR (RT- PCR) testing for 
SARS- CoV-2.

King County is a metropolitan region, 
covering 2132 square miles, with 
2.2 million persons who reside in urban, 
suburban and rural areas. The primary 
9-1-1 medical response in King County 
is two- tiered. The first tier is provided 
by firefighter emergency medical tech-
nicians. Paramedics comprise the second 
tier and are dispatched in cases of more 
severe illness. There are 28 first- tier fire 
departments and five overarching second- 
tier paramedic agencies that collectively 
provide primary emergency response to 
all 9-1-1 medical calls. In general, stable 
patients are transported via fire depart-
ment or private ambulance basic life 
support units, and more acute patients 
are transported by advanced life support 
paramedic units. All EMS, fire and private 
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ambulance agencies in King County partic-
ipated in this study. Collectively, there are 
approximately 4000 EMS providers in 
King County.

Study population
Case identification and COVID-19 encounters
The study population consisted of EMS 
providers who cared for patients with 
confirmed COVID-19 by RT- PCR tests. 
EMS is administered by Public Health–
Seattle and King County, enabling direct 
engagement between EMS and Public 
Health to undertake COVID-19 surveil-
lance. To identify EMS encounters with 
patients with COVID-19, we linked local 
and state COVID-19 surveillance systems 
with EMS electronic records using the 
patient’s name and date of birth. Patient 
encounters were included if they occurred 
within a transmission window of 3 days 
prior to symptom onset (if known) or 14 
days prior to or after the diagnosis date. 
The median interval from EMS encounter 
to diagnosis date was 4 days (IQR 2–6). 
Each match was independently verified by 
an epidemiologist and physician.

Case review process
A physician reviewed each matched 
encounter for potential EMS exposure in 
the electronic health record. If the docu-
mented PPE was not a complete ensemble 
of appropriate mask, eye protection, 
gown and gloves (MEGG), the case was 
further investigated by the EMS agen-
cy’s appointed health officer (figure 1). 
Health officers contacted individuals 
with possible exposure to understand the 
specific circumstances of patient involve-
ment and clarify PPE use. The health 
officer in consultation with physician 
leadership then made the final determina-
tion of exposure and whether quarantine 
or isolation was indicated according to the 
CDC risk assessment matrix.8

Definitions of encounter and occupational 
exposure
An encounter was defined as a 9-1-1 EMS 
response to a patient confirmed to have 
COVID-19. An occupational exposure 
to COVID-19 was defined as a provider- 
level encounter with inadequate PPE for 
the patient contact.8 In addition to eye 

protection and gloves, a surgical mask was 
judged to be sufficient for routine patient 
encounters. However, an N95 mask was 
required PPE for aerosol- generating 
procedures. For any physical contact with 
the patient, a gown was required.

Employee screening, quarantine/isolation 
and testing
By the second week of March, most 
EMS agencies had implemented regular 
employee symptom screening on arrival 
at work and during the shift. Anyone who 
felt unwell for any reason returned home 
until they were asymptomatic and fit for 
duty per their agency return to work 
guidelines. EMS providers who became ill 
regardless of exposure status were deemed 
symptomatic, placed on isolation and 
prioritised for COVID-19 RT- PCR testing 
through dedicated first responder testing 
sites. These RT- PCR tests were performed 
by the University of Washington Virology 
Laboratory using an assay shown to have a 
low false negative rate.9 Each EMS agency 
assessed quarantined providers daily. 
The current investigation used informa-
tion from both the health officer moni-
toring programme and the Public Health 
surveillance to ascertain any COVID-19 
tests performed among the EMS provider 
cohort.

Interventions
Initial high-risk criteria
Prior to the first laboratory- confirmed 
case of COVID-19 in King County on 28 
February 2020, EMS medical direction 
issued directives for COVID-19 screening 
and patient care on 6 February and 27 
February 2020. Beginning 4 March, EMS 
providers were advised to don full MEGG 
PPE if COVID-19 screening included (1) 
a person with febrile respiratory illness 
AND travel from an endemic area (initially 
Wuhan, then broadened to China, South 
Korea, Iran or Italy) OR (2) febrile respi-
ratory illness AND known contact with a 
patient with confirmed COVID-19.

Dispatch PPE advised
After 28 February, EMS updated the high- 
risk criteria to include the first LTCF 
where initial cases were identified, with 
dispatch to alert ‘PPE advised’ for any 
response to the address. After additional 
cases were identified at a second LTCF 
and a dialysis centre, these sites were 
added as high- risk locations for dispatch. 
A growing list of LTCFs and congregate 
living centres soon followed. Beginning 
7 March, EMS began to treat all LTCFs 
(skilled nursing facilities, assisted living Figure 1 Flow diagram. EMS, emergency medical services; PPE, personal protective equipment.
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facilities and adult family homes) as high- 
risk requiring full MEGG PPE, regardless 
of clinical illness profile.

Clinical criteria profile
With evidence of community transmis-
sion, the requirements for travel history 
or COVID-19 contact were eliminated as 
criteria to don MEGG PPE during the first 
week of March. Medical record review 
determined that EMS COVID-19 patients 
did not consistently demonstrate a febrile 
respiratory illness; criteria were expanded 
to include any respiratory or fever symp-
toms beginning 11 March.5

Scout programme
Case review indicated that initial symptom 
classification—often derived from 
dispatch reporting—did not adequately 
characterise illness and the potential for 
COVID-19 illness. In response, EMS was 
using large quantities of PPE to address 
this uncertainty, though the prevalence of 
confirmed COVID-19 EMS encounters 
was estimated to be less than 5%.1 Hence, 
EMS leadership implemented a ‘scout 
programme’ beginning 14 March in which 
one or two EMS providers donned full 
MEGG PPE and entered the ‘hot zone’ 
to perform the initial in- person evalua-
tion while additional crew remained in 
the ‘cold zone’, maintaining sight or voice 
contact, with scout responder(s). The 
scout evaluation informed the need for 
remaining EMS crew to don PPE to assist. 
Conversely, risk assessment was often not 
feasible in high- acuity, time- sensitive cases. 
All cardiac arrest cases and cases requiring 
aerosol- generating therapies required full 
MEGG PPE with N95 masks.

Data collection and measurements
We used a uniform methodology to 
review the narrative and formatted data 
fields from dispatch and EMS records. 
Dispatch records were abstracted to char-
acterise 9-1-1 patient concern and pre- 
arrival notifications. EMS records were 
abstracted to describe patient character-
istics, location, initial vital signs, dispo-
sition, clinician impression and PPE use. 
PPE use was assessed through review of 
the EMS report narrative and discrete data 
fields. Following the first recognised case 
of COVID-19 in King County, the EMS 
leadership directed reporting of full PPE 
use in the electronic record by responding 
EMS personnel. Beginning 20 March, 
mandatory, item- specific PPE reporting 
became available through the electronic 
health record (ESO Solutions, Austin, 
Texas, USA) for all EMS responses. EMS 

provider quarantine dates and results from 
COVID-19 testing were recorded.

Outcomes
We evaluated the number of patient 
with COVID-19 encounters, PPE use, 
consequent exposures due to inadequate 
PPE, resulting quarantine and positive 
COVID-19 tests among EMS providers.

Analysis
Descriptive analyses were performed at 
the EMS encounter and EMS provider 
levels. EMS encounters were stratified 
by level of transport, while provider- 
level assessments were stratified at the 
chronologic midpoint of EMS encoun-
ters. Due to a subset of providers with 
multiple patient encounters, we report 
provider- level assessments as both total 
EMS provider encounters and unique 
EMS providers. We used χ2 test for trend 
to evaluate whether adequate PPE use 
and EMS provider exposure changed 
over time, where calendar time was the 
independent variable and EMS provider 
exposure (or adequate PPE use) was the 
dependent variable. We used a χ2 test to 
compare the proportion of encounters 
with occupational exposures in the first 
and second half of EMS encounters. To 
estimate the potential conservation of PPE 
relative to an indiscriminate MEGG PPE 
deployment strategy (MEGG for all EMS 
personnel for all calls), we determined the 
actual PPE use during the week of 20–26 
March among the total number of EMS 
providers involved on 9-1-1 responses. 
SAS (V.9.4; SAS Institute) was used to 
conduct analyses.

RESULTS
Characteristics of patients with 
COVID-19
There were 220 unique patients with 
confirmed COVID-19 in Seattle and King 
County with 9-1-1 EMS encounters in the 
14 days prior to, and first 28 days after, 
the sentinel laboratory- confirmed case in 
King County. Of these 220 individuals, 
54 had two EMS encounters for a total 
of 274 distinct EMS encounters. Half 
were female (53%), and the mean age was 
74 years. The dispatch complaints were 
heterogeneous; difficulty breathing was 
the most common complaint, accounting 
for about 25% (table 1). The median initial 
pulse oximetry reading was 93%. The 
most common EMS impressions included 
suspected COVID-19 illness (26%), flu- 
like symptoms (17%), respiratory distress 
(17%) and weakness (14%).

Main results
Among the 274 EMS encounters with 
patients with COVID-19, there were 429 
responding units, involving 700 unique 
EMS providers with a total of 988 EMS 
provider encounters (table 2). Based on 
initial EMS record review, use of PPE 
during patient contact was full MEGG 
(66.9%), basic gloves and eye protection 
(29.3%), delayed application or partial 
MEGG (3.1%), or unknown (0.7%), 
resulting in 327 possible EMS provider 
exposures. After health officer investi-
gation and physician consultation, 151 
EMS provider encounters were deter-
mined to have an exposure. As a result, 
there were 129 unique EMS providers 
placed on quarantine: 107 after a single 
exposure and 22 with two exposures. Of 
the 700 unique EMS providers caring for 
patients with confirmed COVID-19, 3 
(0.4%) tested positive during the 14 days 
following an encounter (table 3), yet none 
of these three had a documented occupa-
tional exposure.

The series of practice changes 
involving dispatch advisement, patient 
COVID-19 risk criteria and initial EMS 
scene deployment were associated with 
a temporal increase in adequate PPE 
use and conversely a decrease in EMS 
provider exposures (figure 2, p<0.01). 
When stratified at the encounters 
midpoint, 94% (142/151) of exposures 
occurred during the first 137 EMS 
encounters compared with 6% (9/151) 
during the second 137 EMS encounters 
(table 2, p<0.01). The number of EMS 
providers quarantined each day increased 
to a peak of 69 on 13 March and then 
declined (figure 3).

During the final week of the study 
(20–26 March), there were a total of 3704 
EMS incidents involving 10 468 EMS 
providers. Of the 10 468 opportunities for 
PPE deployment, MEGG PPE was used in 
3579 (34%) EMS provider encounters.

DISCUSSION
In this population- based observational 
investigation of 274 EMS encounters for 
patients with COVID-19 involving nearly 
1000 EMS provider encounters, three 
EMS providers subsequently tested posi-
tive for COVID-19 during the 14 days 
following the patient encounter. Iterative 
dispatch and operational EMS responses 
to COVID-19 risk identification and PPE 
use were associated with both a temporal 
decrease in EMS provider COVID-19 
exposure and conservation of PPE. Based 
on these programmatic efforts, full MEGG 
PPE was deployed in about one- third of all 
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potential EMS provider uses by the end of 
the study period.

Although HCWs seem to be at higher 
risk to contract COVID-19, rigorous 
assessment of exposure and transmis-
sion is largely lacking. Epidemiological 
reports from China and Italy highlight the 

substantial burden of illness in HCWs.10–12 
Locally, in Washington State, a large 
portion of LTCF staff tested positive for 
COVID-19.3 A preliminary report from 
CDC regarding the burden of COVID-19 
infection among US healthcare personnel 
suggest HCWs account for 11%–19% of 

national case burden, but did not discern 
specific type of employment or eval-
uate the potential source of exposure.13 
Other reports involving high- risk circum-
stances to include aerosolising procedures 
however have not observed substan-
tial rates of transmission to HCWs.14 

Table 1 Characteristics of 274 EMS encounters with 220 patients with confirmed COVID-19 from 14 February to 26 March 2020

Total EMS encounters (n=274) BLS transport (n=180) ALS transport (n=31) Not transported (n=63)

Initial dispatch complaint, n (%) of column

  Difficulty breathing 68 (25) 44 (24) 10 (32) 14 (22)

  Sick (unknown) 68 (25) 52 (29) 6 (19) 10 (16)

  Infectious diseases 51 (19) 35 (19) 4 (13) 12 (19)

  Trauma 32 (12) 17 (9) 2 (7) 13 (21)

  Other* 55 (20) 32 (18) 9 (29) 14 (22)

Dispatched as ‘PPE advised’, n (%) of column 196 (72) 136 (76) 16 (52) 44 (70)

Origin of 911 response, n (%) of column

  Home/private residence 128 (47) 76 (42) 16 (51) 36 (57)

  Long- term care facility 118 (43) 86 (48) 12 (39) 20 (32)

  Outpatient clinic 20 (7) 14 (8) 3 (10) 3 (5)

  Public/street 8 (3) 4 (2) 0 (0) 4 (6)

Initial vital signs, median (IQR) of column

  Systolic blood pressure, mm Hg (n=238) 130 (110–146) 130 (110–142) 132 (97–155) 130 (110–140)

  Heart rate, beats per minute (n=230) 90 (80–108) 92 (80–110) 97 (72–115) 88 (76–96)

  Respiratory rate, breaths per minute (n=238) 21 (16–24) 20 (16–24) 24 (16–30) 18 (16–20)

  Peripheral oxygen saturation, % (n=197) 93 (89–96) 92 (89–95) 92 (83–96) 95 (92–97)

  Temperature, Celsius (n=172) 37.7 (36.9–38.8) 37.8 (37.1–38.8) 37.5 (36.4–38.2) 37.3 (36.7–38.3)

EMS provider impression, n (%) of column

  COVID† 72 (26) 53 (29) 4 (13) 15 (24)

  Flu- like symptoms 47 (17) 37 (21) 4 (13) 6 (10)

  Respiratory distress 46 (17) 27 (15) 11 (36) 8 (13)

  Weakness 37 (14) 25 (14) 0 (0) 12 (19)

  Altered mental status 16 (6) 8 (4) 4 (13) 4 (6)

  Injury/pain 16 (6) 13 (7) 1 (3) 2 (3)

  Cardiac 15 (6) 6 (3) 6 (19) 3 (5)

  Other‡ 25 (9) 11 (6) 1 (3) 13 (21)

Any mention of COVID-19 in EMS record, n (%) of column 169 (62) 117 (65) 17 (55) 35 (56)

*Bleeding/pain, cardiac and stroke/headache.
†COVID-19 impressions were added to the electronic health record as an option on 8 March 2020.
‡Vaginal haemorrhage, seizures, obvious death, gastrointestinal haemorrhage, epistaxis, dehydration, urinary tract infection, diabetic hypoglycaemic, unspecified convulsions and 
skin infection.
ALS, advanced life support; BLS, basic life support; EMS, emergency medical services.

Table 2 Use of PPE and occupational exposures among EMS provider encounters with patients with confirmed COVID-19 from 14 February to 26 
March 2020

Total
*Initial 137 EMS encounters with 
COVID-19 patients

*Subsequent 137 EMS encounters 
with COVID-19 patients

Number of EMS provider encounters, n 988 488 500

Any mention of COVID-19 in EMS record, n (%) 133 (49) 49 (36) 84 (61)

PPE, n (% of column total)

  Full MEGG 661 (67) 265 (54) 396 (79)

  Partial or delayed MEGG† 31 (3) 17 (3) 14 (3)

  Basic (gloves/eyes) 289 (29) 202 (41) 87 (17)

  Missing/unknown* 7 (1) 4 (1) 3 (1)

EMS provider encounters with an exposure, n (% of column total) 151 (15) 142 (29) 9 (2)

EMS provider exposures per 9-1-1 encounter with an exposure, median (IQR) 3 (2–3) 3 (2–3) 2 (2–3)

Interval from EMS provider exposure to patient COVID-19 test result, days, median (IQR) 4 (2–6) 5 (2–8) 3 (1–4)

*Initial encounters occurred between 19 February and 15 March 2020 while subsequent encounters occurred between 16 March and 26 March 2020.
†Partial MEGG is defined as basic PPE (eye protection and gloves) plus either a mask or a gown but not both.
EMS, emergency medical services; MEGG, mask, eye protection, gown and gloves; PPE, personal protective equipment.
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Similar to our findings, a Taiwanese study 
reported a transmission rate of 0.9% 
among the subset of COVID-19 exposures 
occurring in the healthcare setting.15 None 
of these experiences have reported risk to 
EMS providers, though EMS care appears 
to be integral for sicker COVID-19 
patients. In the 2009 SARS outbreak, the 
overall incidence of infection was 1.3% 
in the Taiwanese EMS workforce, which 
was >100- fold higher than the general 
public.16

In the current investigation, EMS had 
substantial involvement with COVID-19 
illness. The 220 patients represented 14% 
of all COVID-19 diagnoses in King County, 
Washington, through 26 March. EMS was 
typically involved in care for older adults 
who often presented with heterogeneous 

symptoms and a range of clinical presen-
tations. COVID-19 in King County was 
first detected in a clinical population not 
considered high- risk according to national 
guidelines at that time, which accounted 
in part for the fact that 18% of EMS 
providers in the study had an exposure. 
Indeed, 85.4% of patients had not been 
diagnosed with COVID-19 at the time of 
their EMS encounter.

The high rate of quarantine early on 
motivated the EMS system to move 
quickly to adapt to the evolving clin-
ical features and local epidemiology of 
the COVID-19 outbreak. EMS leader-
ship engaged dispatch and operations 
to expand COVID-19 risk criteria and 
to stage patient assessment. The set of 
measures was associated with a marked 

reduction in the risk of exposure over the 
course of investigation. Certainly, there 
was a learning curve that may have also 
contributed to reduction in exposure. The 
collective effect appears to be a temporal 
reduction in EMS worker quarantine, even 
though the number of provider encoun-
ters with COVID-19 increased over time 
(figure 2).

We observed that 3 of the 700 EMS 
providers (0.4%) with COVID-19 
encounters subsequently tested positive 
for COVID-19. One case occurred at 
the outset of the outbreak with onset of 
provider illness occurring on the same date 
of COVID-19 encounter. The CDC inves-
tigated this case and determined that the 
9-1-1 incident that qualified the provider 
for study inclusion was not responsible 

Table 3 Occupational exposures, quarantine and testing of unique EMS providers with patients with confirmed COVID-19 contact from 14 
February to 26 March 2020

Total
*Initial 137 EMS encounters 
with COVID-19 patients

*Subsequent 137 EMS encounters 
with COVID-19 patients

Unique EMS providers† 700 341 382

Unique EMS providers with patient exposure(s), n (% of column total) 129 (18) 121 (35) 8 (2)

Number of exposure(s) for each unique EMS provider, n (% of column total n=700)

  0 571 (82) 220 (65) 374 (98)

  1 110 (16) 103 (30) 7 (2)

  2 16 (2) 15 (4) 1 (<1)

  ≥3 3 (<1) 3 (1) 0 (0)

Interval from exposure to EMS provider quarantine, days, median (IQR) 6 (3–9) 6 (3–9) 3 (2–3)

Total EMS provider quarantine days resulting from exposure(s), n (% of row) 981 (100) 951 (97) 30 (3)

COVID-19 testing of unique EMS providers regardless of exposure status, n (% of column)

  No symptoms reported (not tested) 657 (94) 312 (91) 368 (96)

  Symptoms reported 43 (6) 29 (9) 14 (4)

  Positive 3 (<1) 1 (<1) 2 (1)

  Negative 40 (6) 28 (8) 12 (3)

*Initial encounters occurred between 19 February and 15 March 2020 while subsequent encounters occurred between 16 March and 26 March 2020.
†23 providers were represented in both categories.
EMS, emergency medical services.

Figure 2 Occupational exposures and PPE use among EMS providers caring for patients with COVID-19, Seattle and King County through 26 March 
2020. EMS, emergency medical services; PPE, personal protective equipment.



712 Murphy DL, et al. Emerg Med J November 2020 Vol 37 No 11

Report from the front

for disease transmission. Nonetheless, the 
provider may have had a patient expo-
sure in the days prior to identification 
of COVID-19 cases in King County, as 
review of prior encounters involving the 
provider confirmed care for patients with 
acute respiratory illness. The providers 
in all three cases had MEGG PPE during 
their qualifying encounters. We cannot 
determine whether transmission occurred 
during these patient- specific exposures, 
other occupational activities or commu-
nity transmission.

Overall, the cumulative laboratory- 
confirmed prevalence in this EMS cohort 
of 700 unique providers (0.4%) is compa-
rable with the community prevalence 
(0.2%) during this time frame.1 Taken 
together, these findings suggest that occu-
pational risk can be relatively low and that 
protective measures can potentially limit 
disease transmission. The anecdotal expe-
riences in other regions reporting high 
rates of COVID-19 among EMS providers 
may be related to the higher prevalence of 
disease paired with limited availability and 
use of PPE.

There is an inherent tension between 
proactive measures to don adequate PPE 
and conservation efforts due to limited 
supplies. If PPE were limitless, then indis-
criminate use by all providers for every call 
would help assure EMS provider protec-
tion. However, our system had limited 
supply that was coupled with uncertainty 
about the severity and duration of the 
pandemic. Thus, the EMS system strived 
to target the use of PPE to risk- positive 
patients. The scout strategy for stable 
patients enabled more deliberate decisions 
regarding PPE. In contrast, time- critical 
events such as cardiac arrest required 
comprehensive EMS PPE, given the need 

for care prior to evaluating COVID-19 
risk. The current targeted strategies for 
MEGG utilisation appear to be a viable 
means to protect EMS providers and 
conserve PPE.

The retrospective methodology used 
to assess PPE is imperfect, relying on 
documentation and case- specific inves-
tigation; the two- stage process however 
enabled detailed provider interviews to 
assess potential exposure. The initial 
stage of screening mandated investigation 
anytime there was no clear documentation 
of full PPE in a patient with COVID-19. 
In the second stage health officer review, 
EMS providers sometimes clarified that 
full PPE was in fact in place though not 
adequately documented in the report. In 
other instances, individual EMS providers 
without MEGG PPE were not in prox-
imity of the patient (ie, the scout method 
that deployed only a subset of the crew 
for direct patient contact). We acknowl-
edge that provider documentation may 
introduce bias, although providers were 
motivated to accurately document PPE. 
Providers received training and education 
on best practices of donning and doffing 
of PPE, but there was not a dedicated 
observer to document the quality of the 
process. The study could not report on 
the temporal use of PPE across the system, 
but rather the status after implementation 
of various interventions designed to better 
assess COVID-19 risk and responsibly use 
PPE. Ideally, the study would have tracked 
PPE use across the system from the outset 
of the COVID-19 pandemic to better 
understand how programmatic changes 
influenced PPE deployment. Documen-
tation of quarantine evolved during the 
study period to use a central monitoring 
database. Thus, quarantine decisions early 

in the outbreak may be an underestimate 
of quarantine.

We relied on the statewide Wash-
ington Disease Reporting System data-
base to identify COVID-19 positive 
patients. There likely were patients ill 
with COVID-19 who interfaced with 
EMS but were not tested. Alternatively, 
EMS encounters with COVID-19 positive 
patients may exist that were not captured 
due to failed linking of identifiers 
between EMS and surveillance databases. 
The study relied on EMS agency health 
officers and the Washington Disease 
Reporting System database to identify 
EMS providers tested for COVID-19. 
Although unlikely, this dual approach may 
have missed a laboratory- confirmed infec-
tion in an EMS provider. EMS providers 
may also have chosen not to get tested 
or had asymptomatic infection, though 
symptomatic providers were motivated 
to be tested and had prioritised access to 
testing. We cannot confirm the source of 
the infectious exposure—patient- specific, 
other occupational or community trans-
mission—among the few providers with 
positive tests.

In conclusion, less than 0.5% of EMS 
providers experienced COVID-19 illness 
within 14 days of caring for a patient 
with laboratory- confirmed COVID-19. 
Programmatic risk mitigation strate-
gies were associated with a reduction in 
occupational exposures to COVID-19 
among EMS providers, while achieving a 
measured use of PPE.
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