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Study objective: Emergency medical services (EMS) may serve as a key source of real-time data about the evolving health of
coronavirus disease 2019 (COVID-19)–affected populations, especially in low- and middle-income countries with less rapid and
reliable vital statistics registration systems. Although official COVID-19 statistics in Mexico report almost exclusively inhospital
mortality events, excess out-of-hospital mortality has been identified in other countries, including 1 EMS study in Italy that showed
a 58% increase. Additionally, EMS and hospital reports from several countries have suggested that silent hypoxemia—low SpO2 in
the absence of dyspnea—is associated with COVID-19. It is unclear, however, how these phenomena can be generalized to low-
and middle-income countries. We assess how EMS data can be used in a sentinel capacity in Tijuana, a city on the Mexico–United
States border with earlier exposure to COVID-19 than many low- and middle-income country settings.

Methods: In this observational study, we calculated numbers of weekly out-of-hospital deaths and respiratory cases handled by
EMS in Tijuana, and estimated the difference between peak epidemic rates and expected trends based on data from 2014 to
2019. Results were compared with official COVID-19 statistics, stratified by neighborhood socioeconomic status, and examined
for changing demographic or clinical features, including mean SpO2.

Results: An estimated 194.7 excess out-of-hospital deaths (95% confidence interval 135.5 to 253.9 deaths) occurred during the
peak window (April 14 to May 11), representing an increase of 145% (95% CI 70% to 338%) compared with expected levels.
During the same window, only 5 COVID-19–related out-of-hospital deaths were reported in official statistics. This corresponded
with an increase in respiratory cases of 236.5% (95% CI 100.7% to 940.0%) and a decrease in mean SpO2 to 77.7% from 90.2%
at baseline. The highest out-of-hospital death rates were observed in low-socioeconomic-status areas, although respiratory cases
were more concentrated in high-socioeconomic-status areas.

Conclusion: EMS systems may play an important sentinel role in monitoring excess out-of-hospital mortality and other trends
during the COVID-19 crisis in low- and middle-income countries. Using EMS data, we observed increases in out-of-hospital deaths
in Tijuana that were nearly 3-fold greater than increases reported in EMS data in Italy. Increased testing in out-of-hospital settings
may be required to determine whether excess mortality is being driven by COVID-19 infection, health system saturation, or patient
avoidance of health care. We also found evidence of worsening rates of hypoxemia among respiratory patients treated by EMS,
suggesting a possible increase in silent hypoxemia, which should be met with increased detection and clinical management
efforts. Finally, we observed social disparities in out-of-hospital death that warrant monitoring and amelioration. [Ann Emerg Med.
2020;76:413-426.]
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INTRODUCTION
Background

As coronavirus disease 2019 (COVID-19) spreads across
most countries, real-time information is required to detect
and manage the health of populations. This is a particular
4 : October 2020
challenge in low- and middle-income countries, such as
Mexico, because of less rapid and robust vital statistics
registration systems. Although a vital statistics registration
system does exist in Mexico, official statistics are available
on an approximately 2-year lag, and records of mortality are
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Editor’s Capsule Summary

What is already known on this topic
Emergency medical services (EMS) clinical data can
be used for health surveillance; this is typically done
in high-income countries. The coronavirus disease
2019 pandemic has shown the need for rapid and
accurate health surveillance in every country,
including those that cannot perform extensive
population testing.

What question this study addressed
The study examined EMS data in a Mexican city as a
proxy for a test-based diagnosis of coronavirus disease
2019. Increases were observed in out-of-hospital
deaths and respiratory complaints. A decrease in
average patient oxygen saturation was also found.

What this study adds to our knowledge
This study supports the idea that EMS data can be
used for effective surveillance for a specific illness in
accordance with its characteristic clinical effects.

How this is relevant to clinical practice
This study may lead to more EMS data for
surveillance, especially perhaps in resource-challenged
areas.
not always reliable, a condition similar to that of most low-
and middle-income countries.1-5 Although a number of
reports in the popular press have suggested Mexico is
significantly undercounting deaths from COVID-19,6,7

these claims have not been evaluated with excess mortality
analyses because official total mortality statistics have not
been available for Mexico beyond 2018 as of May 2020.8

Given these data restrictions, information from emergency
medical services (EMS) may serve as a key source of real-
time knowledge about the evolving health of COVID-
19–affected populations, offering information of clinical
significance.

Importance
EMS data may play a particular role in measuring out-of-

hospital mortality. As the epidemiologic properties of the
COVID-19 pandemic have become more clear, excess
mortality has become an important area of study. A small
number of analyses have been published—initially largely by
news organizations—describing excess total mortality.9-11

However, because of the aforementioned limitations, no
official data from Mexico, or the majority of low- and
414 Annals of Emergency Medicine
middle-income countries, were available as of May 2020.
Out-of-hospital deaths represent an important facet of total
excess mortality, which may be particularly suited for
measurement with EMS data. One recent report from the
Lombardy region of Italy used EMS records to show an
increase during the peak of the epidemic of 58% compared
with previous-year values.12 This phenomenon has also been
documented in the popular press for certain cities in the
United States.13,14 It is unclear, however, how it would
develop in low- and middle-income countries with relatively
weaker health systems.15-19 In the context of COVID-19, an
increase in out-of-hospital mortality could be expected either
directly from COVID-19 or indirectly as patients delay care
and health systems become overwhelmed.20-22 Nevertheless,
rates of out-of-hospital mortality remain a generally
understudied facet of the pandemic,10,11,23 and to our
knowledge, there is little or no evidence on the topic for low-
and middle-income countries.

Another key area that can be monitored with data from
EMS systems during the COVID-19 pandemic is the
detection of silent hypoxemia. Reports initially from China,
and later Italy, the United States, andNorway, have described
many COVID-19 patients who initially present with
hypoxemia without signs of respiratory distress (silent
hypoxemia) and later develop respiratory failure.24-27 It is
possible that this kind of hypoxemia, and subsequent rapid
decompensation,28 results inmortality before patients are able
to access EMS or hospital services, especially in areas in which
health systems are saturated or patients are not able to quickly
access health care services when decompensation occurs.

Mexico is a middle-income country that experienced its
first confirmed case of COVID-19 on February 27 and
reached 10,000 cases by April 17, according to official
statistics.29 Tijuana, in Northern Mexico, is a city of greater
than 1.7 million inhabitants that shares a heavily crossed
border with San Diego County in California.30 As of May
2020, the international border remained open to residents
of the United States, although Mexican nationals with
tourist visas were generally barred from crossing beginning
in late March. Tijuana therefore may have been subjected
to earlier exposure to severe acute respiratory syndrome
coronavirus 2 than the rest of Mexico because of the
importation of cases from California.31,32 Reported cases of
COVID-19 in Tijuana were among the first in Mexico,
beginning on March 17. On May 11, Tijuana had the
highest number of COVID-19 deaths of any municipality
in the country (170), and the mortality rate (17.3 per
100,000 people) was almost 6 times the national rate of 3.1
per 100,000 people.29,30,33 Therefore, Tijuana may
represent an important bellwether for the rest of Mexico
and have general relevance to trends that will be
Volume 76, no. 4 : October 2020
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subsequently experienced by the EMS systems of other
low- and middle-income countries.
Goals of This Investigation
Our primary objective was to use EMS data from

Tijuana to describe the potential sentinel role for such data
in monitoring the epidemiologic profile of the COVID-19
epidemic in a low- and middle-income-country context.
We focused the analysis on trends in out-of-hospital
mortality and silent hypoxemia among respiratory patients.
We also sought to characterize any changes in
demographics, geography, and neighborhood
socioeconomic status among these patient groups.
Additionally, we aimed to compare trends documented by
the EMS system with official government statistics
describing COVID-19 cases and deaths.
MATERIALS AND METHODS
Study Design and Setting

We used data from the Mexican Red Cross in Tijuana,
which responds to approximately 98% of 911 activations of
EMS care in the city.34 We drew on routinely collected,
deidentified, encounter-level records describing patient
characteristics and the provision of EMS. We conducted a
retrospective, descriptive analysis comparing the observed
peak epidemic with previous trends. We excluded calls that
were cancelled before the ambulance arrived at the scene.
Given that rates of violence in Tijuana have been highly
variable in recent years, complicating the estimation of
expected trends, we also excluded patients with traumatic
injuries from all analyses. Data were available for most of
January 2014 through July 13, 2020, although some
records, including files from 2018 and February 2020, were
not available in digital form on the rapid timescale required
to conduct this analysis. Publicly available data describing
official confirmed cases and deaths stemming from
COVID-19 were obtained from the Mexican National
Office of Epidemiology.35 This study was deemed exempt
from review by the University of California, Los Angeles
institutional review board.

The EMS system in Tijuana, Mexico, is run as a
collaboration between the local city government and the
Mexican Red Cross, a nongovernmental organization. The
system serves an estimated population of 1.75 million
people (based on the 2010 census), with a mixed social
profile spanning very-low-income and high-income areas.37

EMS care is regulated at the municipal and national level.36

A 911 dispatch center is operated by the city of Tijuana.
Once a 911 call has been deemed a medical emergency,
emergency medical technicians (EMTs) from the Tijuana
Volume 76, no. 4 : October 2020
chapter of the Mexican Red Cross classify the incident
according to dispatch protocols and triage information and
direct the closest first-responder unit to the scene. The
Mexican Red Cross EMS personnel respond to
approximately 98% of 911 activations leading to medical
care in Tijuana, with the remainder being attended to by
the city fire department or private ambulance companies.
The Mexican Red Cross operates with 13 ambulances
distributed in 6 EMS bases throughout the city. In Mexico,
there are 3 levels of EMT training: basic, intermediate, and
advanced. The ambulances are staffed with an EMT–basic
and either a second EMT–basic or an EMT–intermediate.
In addition, there is 1 rescue unit and 1 rapid response
vehicle. The latter responds to emergencies and is staffed by
an out-of-hospital physician, EMT–advanced, or
EMT–intermediate but is not designed for patient transfer.
The field staff is currently composed of 80 EMTs–basic, 13
EMTs–intermediate, 3 EMTs–advanced, and 3 out-of-
hospital physicians. EMTs work 24-hour shifts, whereas
out-of-hospital physicians’ shifts are 8 hours. In addition,
there is a field supervisor who helps coordinate and manage
care during each 24-hour shift. Medical control is provided
by either the out-of-hospital medical director or physicians
who staff the Mexican Red Cross Hospital’s emergency
department. During the study period, the Mexican Red
Cross in Tijuana responded to an average of 30,500
completed calls per year.

For the duration of the study, data collection at the
Mexican Red Cross in Tijuana was performed through an
out-of-hospital electronic medical record. Data were
entered in a tablet during the patient encounter and were
transferred at the end of each shift to a central repository.
Completeness of the medical record was checked in weekly
audits and monthly case-review sessions.
Methods of Measurement
Out-of-hospital mortality was defined as a case in which

a patient was found dead on EMS arrival or died before
reaching a hospital, as documented by EMS. We also
assessed the number of cases of respiratory morbidity. This
was defined as either a chief complaint of “respiratory,”
“difficulty breathing,” or “respiratory infection” or a chief
complaint that was metabolic or gastrointestinal, combined
with an SpO2 of less than 92%. The first group composed
the majority of respiratory cases. The decision to include
gastrointestinal or metabolic patients with low SpO2
reflected recent reports of atypical COVID-19 patients
presenting with chiefly gastrointestinal symptoms,38 as well
as the association with diabetes mellitus.39 In all cases, if a
series of SpO2 measurements was recorded, we used the first
Annals of Emergency Medicine 415
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available value, recorded before treatment began. It was
protocolized that initial SpO2 was measured before
application of oxygen.

For cases of out-of-hospital mortality, we assessed
patient age, sex, health insurance status (including
uninsured, privately insured, or membership in one of
several main public health care systems), time from
ambulance dispatch to ambulance arrival, whether
cardiopulmonary resuscitation (CPR) was administered,
neighborhood of residence, and administrative
geostatistical-area-level socioeconomic status. For
respiratory cases, we assessed the aforementioned variables
as well as level of consciousness and SpO2.

The neighborhood of residence was mapped with a
shape file from the Mexican National Population Council.
An index of socioeconomic status and populations was
provided at the level of basic geostatistical areas defined by
the Mexican Institute of Statistics and Geography,40,41

which typically include several neighborhoods and are
based on 2010 census data. We created a categoric
socioeconomic status variable, defined as population-
weighted quintiles of the continuous socioeconomic status
variable, categorized as lowest, low, medium, high, and
highest. Because neighborhoods and basic geostatistical area
do not overlap perfectly, a linkage was performed between
them to assign socioeconomic status values to each
neighborhood. This involved finding the midpoint of each
neighborhood and assigning it the socioeconomic status
value of the basic statistical unit where it was located. In the
small number of cases in which the midpoint of a
neighborhood fell outside of a defined basic geostatistical
area, the neighborhood cluster was assigned to the closest
basic geostatistical area to the midpoint.

Official data describing COVID-19 cases and deaths35

in Tijuana were aggregated to weekly totals and graphed
alongside EMS-documented numbers.
Primary Data Analysis
Changes in out-of-hospital mortality were assessed by

comparing weekly statistics from January through July
2020 with forecasted values estimated by using baseline
trends from January 1, 2014, to December 31, 2019. The
process was repeated for the primary outcome measures
(number of out-of-hospital deaths and number of
respiratory cases), as well as 2 outcomes assessed as
sensitivity analyses (proportion of cases that resulted in out-
of-hospital mortality and proportion of cases that were
respiratory) to control for potential differences in case
volume. Using ordinary least squares regression, we
modeled the seasonal time trend with a fixed-effect dummy
416 Annals of Emergency Medicine
variable on each week of the year. The secular trend was
captured with a linear continuous fixed effect on year.
Forecasts with 95% prediction intervals were made by
extrapolating the model through July 2020. Ratios of
observed to expected numbers and proportions, and their
uncertainty intervals, were calculated by dividing the
observed value in each week by the forecasted value and
prediction interval. We compared pre-epidemic SpO2
values with those observed during the peak epidemic
period. We also described trends in the distribution of SpO2

during the epidemic, as measured by quintiles of the
distribution of SpO2, and examined the relationship
between SpO2 and level of consciousness. For all analyses,
“peak COVID” windows were defined as starting the week
in which the outcome—either out-of-hospital mortality or
respiratory morbidity—increased clearly above the baseline
95% prediction interval, and ending after the outcome
value began to decrease sharply or become insignificantly
elevated above baseline projections.

We also sought to ensure that no difference in
nomenclature, classification, or life support practices
occurred in response to the onset of the COVID-19 crisis
that could cause an apparent increase in out-of-hospital
mortality. We therefore assessed rates of CPR, ambulance
transit times, and the total composition of all cases before
and during the COVID-19 period.

All cases were included in the sections of the analysis for
which they had available data. Missing values are noted as
applicable in Tables 1 and 2.
RESULTS
The total number of EMS cases was relatively similar

before and during the peak observed COVID-19 period.
There was an average of 410 weekly cases between April 14
and May 11 compared with a weekly mean of 382.9 in
2019 (Figure 1). There was, however, a notable shift in the
composition of cases. We observed a decreasing quantity of
nonurgent cases, which declined to 39.0% of all cases from
April 14 to May 11, compared with a 59.1% average for
2019, likely because of social distancing and increased
reluctance to use health care services for nonurgent matters.
Both urgent and deceased cases increased, reaching 11.2%
and 20.0%, respectively, during this period compared with
6.7% and 7.9%, respectively, in 2019.

There were no substantial differences in CPR rates
before or during the COVID-19 period (Table 1), likely
because overall CPR administration rates were generally
quite low among nontrauma patients in Tijuana
(Figure E1, available online at http://www.annemergmed.
com). Average ambulance travel time from dispatch to
Volume 76, no. 4 : October 2020
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Table 1. Characteristics of patients with out-of-hospital mortality.

All 2019 (N[1,569) April 14 to May 11 (N[329)

Age, y

Mean (SD) 59.2 (20.1) 58.0 (17.4)

Median (min, max) 60.0 (1.00, 104) 59.0 (1.00, 97.0)

Missing (%) 3 (0.2) 0

Categoric age (%)

0–18: pediatric 43 (2.7) 5 (1.5)

18–64: adult 871 (55.5) 211 (64.1)

�65: elderly 652 (41.6) 113 (34.3)

Missing 3 (0.2) 0

Sex (%)

Women 499 (31.8) 104 (31.6)

Men 1,070 (68.2) 225 (68.4)

Health insurance (%)

IMSS 469 (29.9) 151 (45.9)

ISSSTE* 51 (3.3) 6 (1.8)

Uninsured 686 (43.7) 140 (42.6)

Seguro Popular/INSABI† 285 (18.2) 20 (6.1)

Private insurance 78 (5.0) 12 (3.6)

CPR (%)

Advanced 21 (1.3) 1 (0.3)

Basic 47 (3.0) 4 (1.2)

None 1,501 (95.7) 324 (98.5)

Call-to-arrival time, min

Mean (SD) 16.4 (10.1) 20.5 (12.6)

Median (min, max) 15.0 (0, 190) 19.0 (0, 135)

Missing (%) 65 (4.1) 26 (7.9)

ISSSTE, Instituto de Seguridad y de Servicios Sociales de los Trabajadores del Estado; INSABI, Instituto Nacional de Salud para el Bienestar.
Numbers exclude trauma-related deaths. The peak observed mortality period, April 14 to May 11, is compared with all of 2019.
*Health insurance for government workers.
†Social safety net health insurance.
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arrival on scene was slightly longer during the observed
COVID-19 peak period (20.5 minutes) compared with
that in 2019 (16.4 minutes). Pre-epidemic time-to-arrival
intervals were higher than those typically observed in
higher-income urban areas and may help explain low life-
support rates among critical patients.

From January to March 2020, the number and
proportion of out-of-hospital mortality cases were within or
below the 95% prediction interval according to trends
observed from 2014 to 2019 (Figure 2). However, the
week of April 14 had 80 out-of-hospital deaths (Figure 3A),
exceeding the previously observed maximum in the time
series (Figure 2). The peak epidemic window for out-of-
hospital mortality lasted from April 14 to May 11. During
this time, 329 deaths occurred, which were compared with
the predicted number of 134.3 (95% confidence interval
Volume 76, no. 4 : October 2020
75.1 to 193.5) for the same period, yielding an estimated
excess of 194.7 deaths (95% CI 135.5 to 253.9). This
represents an increase of 145.0% (95% CI 70.1% to
338.2%) compared with expected trends. Similar results
were observed when the percentage of cases represented by
deaths was modeled, and when the analysis was restricted to
only dead-on-arrival out-of-hospital mortality (Figures E2
and E3, available online at http://www.annemergmed.
com). The peak epidemic window of out-of-hospital
mortality was observed at the same time as the highest rates
of COVID-19 deaths according to official statistics
(Figure 3C). Four hundred eighteen deaths among patients
with confirmed COVID-19 were reported during the same
peak COVID-19 window (according to official data
released on July 15, 2020). However, only 5 of these deaths
were reported as occurring “in an outpatient context,” the
Annals of Emergency Medicine 417
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Table 2. Characteristics of respiratory patients by week.

March 31
(N[53)

April 7
(N[73)

April 14
(N[79)

April 21
(N[67)

April 28
(N[90)

May 5
(N[84)

All 2019
(N[1253)

Age

Mean (SD), y 55.8 (18.6) 51.3 (17.1) 49.6 (18.9) 53.8 (15.6) 55.1 (15.9) 57.8 (14.5) 53.5 (24.6)

Median (min, max) 55.5

(1.00, 95.0)

51.0

(19.0, 89.0)

44.0

(1.00, 94.0)

52.5

(2.00, 97.0)

56.0

(4.00, 88.0)

58.0

(28.0, 92.0)

56.0

(1.00, 105)

Missing (%) 1 (1.9) 0 0 0 0 0 2 (0.2)

Categoric age (%)

0–18: pediatric 1 (1.9) 0 1 (1.3) 1 (1.5) 2 (2.2) 0 118 (9.4)

18–64: adult 37 (69.8) 59 (80.8) 57 (72.2) 51 (75.0) 63 (70.0) 55 (65.5) 666 (53.2)

�65: elderly 14 (26.4) 14 (19.2) 21 (26.6) 16 (23.5) 25 (27.8) 29 (34.5) 467 (37.3)

Missing 1 (1.9) 0 0 0 0 0 2 (0.2)

Sex (%)

Women 24 (45.3) 30 (41.1) 24 (30.4) 28 (41.2) 29 (32.2) 37 (44.0) 569 (45.4)

Men 29 (54.7) 43 (58.9) 55 (69.6) 40 (58.8) 61 (67.8) 47 (56.0) 684 (54.6)

Health insurance (%)

IMSS 35 (66.0) 54 (74.0) 56 (70.9) 42 (61.8) 57 (63.3) 53 (63.1) 487 (38.9)

ISSSTE* 2 (3.8) 1 (1.4) 0 3 (4.4) 2 (2.2) 6 (7.1) 46 (3.7)

Uninsured 11 (20.8) 11 (15.1) 16 (20.3) 18 (26.5) 23 (25.6) 18 (21.4) 310 (24.7)

Seguro Popular/INSABI† 2 (3.8) 4 (5.5) 4 (5.1) 5 (7.4) 5 (5.6) 5 (6.0) 359 (28.7)

Private 3 (5.7) 3 (4.1) 3 (3.8) 0 3 (3.3) 2 (2.4) 51 (4.1)

CPR (%)

Advanced 0 0 0 0 0 0 3 (0.2)

Basic 0 1 (1.4) 1 (1.3) 1 (1.5) 0 0 7 (0.6)

None 53 (100) 72 (98.6) 78 (98.7) 67 (98.5) 90 (100) 84 (100) 1,243 (99.2)

Call-to-arrival time

Mean (SD) 18.1 (10.4) 28.7 (63.3) 19.8 (9.62) 21.3 (9.05) 19.8 (14.7) 22.4 (13.4) 16.4 (26.1)

Median (min, max) 17.0 (0, 61.0) 17.0 (0, 517) 18.5 (0, 42.0) 20.0 (8.00, 43.0) 18.0 (0, 88.0) 21.5 (0, 67.0) 14.0 (0, 620)

Missing (%) 0 8 (11.0) 11 (13.9) 10 (14.7) 13 (14.4) 4 (4.8) 57 (4.5)

Level of
consciousness (%)

Alert 46 (86.8) 60 (82.2) 67 (84.8) 48 (70.6) 72 (80.0) 64 (76.2) 930 (74.2)

Verbal stimulus 2 (3.8) 3 (4.1) 2 (2.5) 4 (5.9) 8 (8.9) 2 (2.4) 65 (5.2)

Painful stimulus 2 (3.8) 4 (5.5) 3 (3.8) 5 (7.4) 3 (3.3) 9 (10.7) 107 (8.5)

Unresponsive 0 1 (1.4) 3 (3.8) 3 (4.4) 2 (2.2) 0 78 (6.2)

Missing 3 (5.7) 5 (6.8) 4 (5.1) 8 (11.8) 5 (5.6) 9 (10.7) 73 (5.8)

SpO2

Mean (SD) 89.0 (10.4) 83.1 (15.4) 83.1 (14.6) 81.8 (16.2) 77.1 (19.8) 77.7 (18.5) 90.0 (10.6)

Median (min, max) 90.0 (50.0, 99.0) 88.0 (40.0, 98.0) 86.5 (30.0, 100) 88.0 (43.0, 100) 82.0 (0, 98.0) 83.0 (31.0, 98.0) 92.0 (0, 100)

Missing (%) 3 (5.7) 4 (5.5) 3 (3.8) 6 (8.8) 5 (5.6) 6 (7.1) 65 (5.2)

Numbers exclude trauma-related patients and out-of-hospital deaths. The peak observed respiratory case period, from March 31 to May 11, is compared with all of 2019.
*Health insurance for government workers.
†Social safety net health insurance.

Excess Out-of-Hospital Mortality and Declining Oxygen Saturation Friedman et al
remainder being reported as occurring among “hospitalized
patients.”35

Out-of-hospital deaths during the peak epidemic period
occurred mostly in men (68.4%) aged 18 to 64 years
418 Annals of Emergency Medicine
(64.1%) who were beneficiaries of the Mexican National
Institute for Social Security (IMSS) health care system
(45.9%) (Table 1). IMSS is a social security scheme
providing health care to individuals employed in the private
Volume 76, no. 4 : October 2020



Figure 1. Weekly case breakdown by triage priority code, 2019 to 2020. A, Only out-of-hospital mortality cases and patients in
critical condition who required urgent hospitalization. B, The full distribution of patients. Both A and B refer to nontrauma patients
and include data from 2019 through June 2020. The vertical black line marks the week of March 31, when respiratory morbidity
cases began to increase.
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formal sector (eg, salaried positions for which income is
reported to the government). Although the age and sex
patterns were largely similar to those observed throughout
2019, individuals were more likely to be IMSS beneficiaries
(45.9% versus 29.9%; difference¼16.3% [95% confidence
interval 10.0% to 22.0%]).

In addition to out-of-hospital mortality, we also noted
an increase in respiratory cases, which had a peak epidemic
window that started earlier than that of out-of-hospital
mortality. Respiratory cases increased above the prediction
interval of expected values during the week of March 31
(Figure 3B). Nevertheless, the peak observed-to-expected
ratio occurred in the same week as that of out-of-hospital
mortality, reaching 90 cases during the week of April 28.
During March 31 to May 11, 448 respiratory cases were
observed, representing 314.9 (95% CI 224.8 to 404.9)
more than expected, an increase of 236.5% (95% CI
100.7% to 940.0%). Similar results were observed when
we modeled the percentage of respiratory cases (Figure E3,
available online at http://www.annemergmed.com). Similar
to the trends observed for out-of-hospital mortality,
respiratory patients during March 31 to May 11 were
Volume 76, no. 4 : October 2020
mainly men (61.5%), of working age (72.0%), and IMSS
beneficiaries (66.4%) (Table 2). Compared with respiratory
patients in 2019, those in the peak observed epidemic
period were more likely to be IMSS beneficiaries (66.4%
versus 38.9%; difference¼27.6% [95% CI 22.3% to
32.9%]) and have an SpO2 lower than 90% (54.8% versus
32.4%; difference¼22.4% [95% CI 17.0% to 27.9%]).

The overall trend of EMS-documented respiratory cases
was similar to that observed in confirmed COVID-19 cases
reported in official statistics (Figure 3D). However, the
magnitude was substantially lower; the week of April 14,
for example, had 314 COVID-19 cases, and 188 of these
patients were hospitalized, which greatly exceeded the 79
total EMS-documented respiratory cases.

The mean SpO2 value among respiratory patients
declined steadily from 90.0% during the pre-epidemic
period of 2019, reaching a low of 77.7% during the week
of April 28 (Table 2). Figure 4 shows the weekly evolution
of the distribution of SpO2 values among respiratory
patients. The highest quintile of the distribution of SpO2
values remained fairly stable throughout the study period,
with a median value greater than 95%. Nevertheless, SpO2
Annals of Emergency Medicine 419
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Figure 2. Long-term EMS-documented out-of-hospital mortality and respiratory cases, 2014 to 2020. Expected values (black line)
and 95% prediction intervals (gray band) based on model fit on data from 2014 to 2019, with forecasts through June 2020. Both
series exclude trauma patients. A, EMS-documented out-of-hospital mortality. B, EMS-documented respiratory cases.
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values in the remaining quintiles of the distribution
generally decreased, and a widening of the distribution of
SpO2 was observed as a result. In the week of April 7, the
lowest quintile of the distribution of SpO2 values decreased
sharply, reaching a median SpO2 of 55%. Despite the lower
average SpO2, the proportion of patients presenting as alert
and oriented did not experience a commensurate decrease
relative to baseline (Table 2 and Table E1 [available online
at http://www.annemergmed.com]), even among the
lowest quintile of SpO2 values (Figure 4).

EMS data can also provide insights into the location of
outbreaks and to social disparities in the distribution of the
COVID-19 mortality and morbidity. Figure 5 highlights
the socioeconomic status and geospatial distribution of out-
of-hospital mortality and respiratory cases in Tijuana. The
largest clusters of out-of-hospital mortality did not occur in
the same locations as the largest clusters of respiratory cases.
Clusters of respiratory cases during the peak epidemic
period were most concentrated in highest- and high-
socioeconomic-status quintiles of Tijuana. The largest
clusters of out-of-hospital mortality cases were observed in
the low-socioeconomic-status quintile. Rates per 100,000
people the low-socioeconomic-status quintile of the
population had the highest rate of out-of-hospital
420 Annals of Emergency Medicine
mortality, at 24.5, whereas the high-socioeconomic-status
quintile had the highest rate of respiratory cases, at 30.9.
LIMITATIONS
We were unable to differentiate whether observed excess

out-of-hospital mortality was solely attributable to
COVID-19 infections or whether it also reflected increased
death rates from other causes. For example, increased
cardiac arrest frequency could have arisen if patients stayed
home during ischemic chest pain episodes, because the
system was saturated, or because they were afraid to seek
care. Although we did examine the diagnostic codes
associated with each death, the EMTs completing the
records were unable to reliably ascertain the cause of death
in the majority of cases, and information about previous
COVID-19 tests was typically not available. Similarly, our
measure of respiratory cases reflects only SpO2 values below
92%, or other respiratory symptoms, and cannot directly
indicate patient COVID-19 status. Like any analysis using
EMS data, the out-of-hospital mortality statistics presented
here cannot capture events occurring in the absence of 911
activations. Although there was a large increase in out-of-
hospital mortality, our results may not represent the full
Volume 76, no. 4 : October 2020
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Figure 3. EMS-documented out-of-hospital mortality and respiratory cases compared with official COVID-19 case and mortality
numbers, March 17 to June 29. A, EMS-documented out-of-hospital mortality, with the observed and expected number shown in
text. B, EMS-documented respiratory cases, with the observed and expected number shown in text. C, Deaths among patients with
confirmed COVID-19, according to official national government statistics, with the number reported as managed in the outpatient
setting and the total reported in text. D, Number of patients with confirmed COVID-19, according to official national government
statistics, with the number reported as managed in the outpatient setting and the total reported in text. A to D, Weekly totals. A and
B, Expected values (black line) and 95% prediction intervals (gray band) based on forecasted trends from 2014 to 2019; trauma
patients are excluded.

Figure 4. Trends in SpO2 and percentage of patients presenting alert among EMS-documented respiratory cases. The distribution
of SpO2 values over time is visualized weekly from March 31 to May 11, 2020, and compared with all data from 2019. Respiratory
cases were divided into 5 quintiles of SpO2 values, and the median of each quartile is plotted. The color reflects the percentage of
individuals in each quartile who presented as alert, which is also plotted as text next to each point.
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Figure 5. Out-of-hospital mortality and respiratory cases by neighborhood and neighborhood socioeconomic status. The categoric
socioeconomic status of each basic statistical unit (basic geostatistical area) is mapped for Tijuana. Overlaid is the out-of-hospital
mortality occurring during April 14 to May 11 (A) and respiratory cases occurring during March 31 to May 11 (B). The number of
cases in each neighborhood is shown as a point, with the size reflecting the magnitude. In the middle column, the points are
organized by neighborhood socioeconomic status. On the right, the number of cases is shown as a rate per 100,000 people for
each quintile of neighborhood socioeconomic status. SES, Socioeconomic status.
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increase in absolute numbers. However, if the proportion
of deaths resulting in 911 activations were to be correlated
with the onset of the COVID-19 pandemic, that could bias
our results in an unpredictable direction.

We used neighborhood-level socioeconomic status,
which is an imperfect measure of person-level
socioeconomic status. Furthermore, we used population and
socioeconomic status values from the most recent census,
2010, because newer data were not available. This may have
missed trends in some rapidly changing parts of Tijuana.
This analysis should be updated when 2020 census data
become available. Additionally, the model we used to
extrapolate past trends into 2020 was straightforward in
design, and we did not perform out-of-sample predictive
validity testing or compare alternative predictive model
forms. Nevertheless, given the magnitude of the disparities
observed, and the presence of somemissing data in past years
of observed trends, we opted for a simple and easy-to-
interpret model. Furthermore, many studies of this nature
422 Annals of Emergency Medicine
simply use the previous year’s values as a comparison
group,12 and therefore a simple approach may be preferable.
Finally, because our results and conclusions were drawn
from an observational study from a single context, additional
confirmation studies from other settings would be helpful in
strengthening the evidence base for these potentially critical
aspects of COVID-19 epidemiology.
DISCUSSION
We used data from Tijuana, Mexico, to illustrate how

EMS systems may be a useful source of real-time
information for tracking the COVID-19 epidemic, perhaps
especially in low- and middle-income-country contexts in
which other sources of information are not rapidly
available. We showed that out-of-hospital mortality
documented by the EMS system increased significantly
during the peak observed COVID-19 epidemic period
observed in April and May 2020. The relative excess
Volume 76, no. 4 : October 2020
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mortality—145% above baseline—represents between a 2-
and 3-fold increase compared with the 58% figure reported
in a recent similar study from the Lombardy region of
Italy.12 This may be related to Tijuana’s being in a middle-
income country, with a relatively more fragile health care
system and lower-income population. These results suggest
that other regions of Mexico, and low- and middle-income
countries in general, may need to plan for and ameliorate
sharply increasing rates of out-of-hospital mortality to
prevent a large burden of potentially unmeasured death
stemming from the COVID-19 pandemic. These findings
echo an increasing number of calls for health system
strengthening in low- and middle-income countries in the
face of the COVID-19 pandemic.15-19

During April 14 to May 11, in which we estimate 194.7
excess deaths occurred, only 5 official COVID-19 deaths
were reported as “outpatient” deaths, the remainder being
categorized as deaths of “hospitalized” patients. This
suggests that the increase in out-of-hospital mortality that
we observed cannot be explained by official COVID-19
statistics. We were not able to ascertain the cause of the
excess mortality we observed. It is therefore possible that
most of the excess deaths resulted from non–COVID-19
causes stemming from delay of care or health system
saturation. It is also possible that many of the deaths we
observed represented COVID-19 patients who never
received such a diagnosis or were never formally tracked as
having it. Finally, delays in reporting or data presentation
may simply have led to lower weekly totals for out-of-
hospital mortality among known COVID-19 patients who
were not hospitalized.42 In any case, EMS data represent an
important source of near-real-time information that can be
used to rapidly track the evolving health of COVID-
19–affected populations. We propose that EMS systems
may play an especially important sentinel role in low- and
middle-income countries, and can be used to monitor
excess out-of-hospital mortality during the COVID-19
crisis. This function may be of particular importance in
low- and middle-income countries, given the lack of access
to rapid vital statistics registration records. Nevertheless,
similar trends have been noted in a number of higher-
income locations,13,14 and therefore these findings may
have relevance to a wide range of contexts.

More research is required to explore what role access to
COVID-19 tests, lags in official COVID-19 statistics, or
access to hospital beds may be playing in driving differences
between EMS-documented and official statistics. Increased
testing in out-of-hospital settings may be required to
determine whether excess mortality is being driven by
COVID-19 infection, health system saturation, or patient
avoidance of health care.
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Although EMS staff were not able to generate substantial
clinical information about patients who died before
reaching a hospital, because most were found dead on EMS
arrival, important clues about the cause of out-of-hospital
mortality may be gleaned by assessing clinical and
demographic characteristics among living patients treated
for respiratory symptoms during the same period. During
the window of observed peak excess mortality, we also
observed a concurrent elevation in the rate of patients
presenting with respiratory symptoms. These patients had
demographic characteristics similar to those of the patients
with out-of-hospital mortality. Although the number of
respiratory patients reached the highest rate observed
during the 2014 to 2020 period studied, it was still lower
than the number of official COVID-19 patients who were
hospitalized. This suggests that most officially documented
COVID-19 patients are reaching health care facilities
independently of the EMS system in Tijuana.

The detection of silent hypoxemia is difficult by
definition. Patients typically present to EMS services only
after they experience dyspnea. Nevertheless, it is possible
that some indirect evidence about silent hypoxemia can be
observed in the declining SpO2 values seen among
respiratory patients during the observed peak COVID-19
window. There was a sharp decline in mean SpO2 values,
although no concomitant decrease was observed among the
percentage of patients who were alert on presentation.
Hypoxemia is a known predictor of mortality among
COVID-19 patients,43 and these data suggest that silent
hypoxemia and subsequent rapid decompensation is a
relevant factor to understanding out-of-hospital mortality
rates.

Given the novel nature of the COVID-19
pathophysiology, more education about silent hypoxemia
is needed for physicians to better manage it clinically and
for patients to better understand the risks.28,43 As
COVID-19 quickly overwhelms frail health care systems,
clinicians on the front lines may easily overlook a well-
appearing patient despite a low SpO2 to make room for
patients who are overtly sick. It is important for patients
to understand that in silent hypoxemia, dyspnea is a late-
stage symptom, and their condition may be deteriorating
without perceived decreases in subjective respiratory
ability.25 Detection of hypoxemia in the general
population should be undertaken, and priority areas can
be identified with clusters from EMS data, such as those
shown in Figure 5.

The social pattern of out-of-hospital mortality and
respiratory cases also deserves consideration and
monitoring in the COVID-19 crisis context. We observed
a differential trend by neighborhood socioeconomic status
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between out-of-hospital mortality and respiratory cases.
Although respiratory cases were strikingly concentrated in
the high- and highest-socioeconomic-status quintiles, the
highest out-of-hospital mortality rates were observed in
low-socioeconomic-status areas. There was a notable
difference between respiratory cases and deaths, which may
suggest that the profile of individuals who have the
economic or social capital to seek care early for
respiratory symptoms in Tijuana differs from that of those
who do not interact with the medical system until they are
gravely ill. This finding adds to an increasing body of
literature and social commentary suggesting that social
inequalities may be translating into inequalities in the risk
of infection or death from COVID-19 in numerous
contexts.44-50

EMS data provide a valuable tool to rapidly track the
health of populations at risk of COVID-19 in low- and
middle-income countries, where other forms of real-time
data may not be available. EMS information can be used to
track excess out-of-hospital mortality and respiratory
disease burden, as well as changing clinical or demographic
features. Detected clusters of out-of-hospital mortality or
cases can be subsequently targeted for screenings for
hypoxemia and COVID-19 status. Social disparities in
COVID-19 and out-of-hospital mortality should be
monitored, and additional resources may need to be
directed to low-socioeconomic-status areas.

Among respiratory patients, the decrease of SpO2

observed during the peak epidemic period suggests that
hypoxemia precedes clinical manifestations such as dyspnea
(silent hypoxemia). The lack of overt clinical manifestations
early in the disease and the resulting difficulty in detecting
silent hypoxemia may be drivers of out-of-hospital
mortality in low- and middle-income countries, where the
health system is easily overwhelmed and accessing EMS
services is more difficult.
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