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ABSTRACT
Background: On September 13, 2008, Hurricane Ike, a category 2 storm with maximum sustained winds of 110

mph, made landfall near Galveston, Texas. Ike produced a damaging, destructive, and deadly storm surge
across the upper Texas and southwestern Louisiana coasts. Thirty-four Texas counties were declared disas-
ter areas by the Federal Emergency Management Agency; 15 counties were under mandatory evacuation or-
ders. To describe causes of death associated with this hurricane and identify prevention strategies during the
response and recovery phases, the Texas Department of State Health Services (DSHS) monitored mortality
data in 44 counties throughout the state. This report summarizes Ike-related deaths reported by Texas medi-
cal examiners, justices of the peace (coroners), forensic centers, public health officials, and hospitals.

Methods: Based on the Centers for Disease Control and Prevention (CDC) disaster-related mortality surveillance
form, DSHS developed a state-specific 1-page form and collected (optimally daily) data on demographic, date
and place of death, and cause and circumstance of deaths. A case was defined as any death that was directly
or indirectly related to Ike among evacuees, residents, nonresidents, or rescue personnel in the declared di-
saster counties, counties along the Texas Gulf coast or counties known to have evacuation shelters occurring
September 8, 2008, through October 13, 2008. Analyzed data were shared with the state emergency opera-
tion center and the CDC on a daily basis.

Results: The surveillance identified 74 deaths in Texas as directly (10 [14%]), indirectly (49 [66%]), or possibly
(15 [20%]) related to Ike. The majority of deaths (n=57) were reported by medical examiners. Deaths oc-
curred in 16 counties of the 44 counties covered by the surveillance. The majority of deaths occurred in Harris
and Galveston (28 [38%] and 17 [23%]), respectively. The deceased ranged in age from younger than 1 year
to 85 years, with an average age of 46 years (median 50 years); 70% were male. Of the 74 deaths, 47 (64%)
resulted from injuries, 23 (31%) from illnesses, and 4 (5%) were undetermined. Among the injuries, carbon
monoxide poisoning (13 [18%]) and drowning (8 [11%]) were the leading causes of injury-related deaths.
Cardiovascular failure (12 [16%]) was the leading cause of illness-related deaths.

Conclusions: Defining the relation of death to hurricane using an active mortality surveillance system is pos-
sible. The active mortality surveillance form used in Ike provided valuable daily information to DSHS, state
emergency management officials, and the CDC regarding the characteristics of deaths in the state. Most of
the Ike-related deaths were caused by injury (direct and indirectly related) such as carbon monoxide poison-
ings and drowning and may have been preventable by educating the public.

(Disaster Med Public Health Preparedness. 2011;5:23-28)
Key Words: hurricanes, disasters, mortality surveillance, Hurricane Ike

Tropical cyclones, variously defined as hurri-
canes, typhoons, and cyclones, are meteorologi-
cal depressions or low-pressure weather sys-

tems that develop from atmospheric disturbances over
the warm waters of the tropical oceans. Tropical cy-
clones or hurricanes produce destructive winds, inun-
dating rains, and storm surges that are frequently ac-
companied by floods, tornadoes, and landslides.1,2

The United States ranks first in the number of annual
tropical cyclone impacts: an average of 12 tropical cy-
clones per year strike the continental United States, Pu-
erto Rico, the US Virgin Islands, and Pacific jurisdic-
tions.3 According to the National Oceanic and
Atmospheric Administration, the United States has been

in an increased cycle of hurricane activity since 1995,
and this trend is predicted to continue for another 10
to 20 years.4 Each year (1998-2007) during hurricane
season (June 1-November 30), hurricanes account for
approximately 12 deaths (range 0-1016, including Hur-
ricane Katrina deaths) and $5 billion in damages to prop-
erty and infrastructure annually.5

Although cumulative hurricane mortality for the United
States for the period 1900-2004 was approximately 15 000,
half of these deaths occurred in 1900 when the un-
named hurricane (the deadliest natural disaster in US his-
tory) killed 7200 citizens in Galveston, Texas.6 From 2005
to 2008 (August), 2 tropical storms (Erin and Edouard)
and 4 hurricanes (Rita, Humberto, Dolly, and Gustav)
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made landfall in Texas,7 accounting for an average of approxi-
mately 34 deaths per year (range 0-139; unpublished data). Sep-
tember 13, 2008, Hurricane Ike, a category 2 on the Saffir-
Simpson Hurricane Wind Scale storm with maximum sustained
winds of 110 mph, made landfall near Galveston, Texas. Ike pro-
duced a damaging, destructive, and deadly storm surge across the
upper Texas and southwestern Louisiana coasts resulting in 74
hurricane-related deaths statewide.8 Ike likely will be the third
costliest natural disaster in the United States, behind Hurri-
cane Katrina and Hurricane Andrew.8 Thirty-four Texas coun-
ties were declared disaster areas by the Federal Emergency Man-
agement Agency9; 15 counties were under mandatory evacuation
orders. This article presents statewide mortality data from Texas
medical examiners (MEs), justices of the peace (JPs; coroners),
forensic centers, public health officials, and hospitals. The ob-
jective of the investigation was to provide statewide informa-
tion that would be used to characterize the number of deaths at-
tributed to Ike, describe the cause of deaths and relation to Ike,
and identify strategies to prevent or reduce future hurricane-
related mortality.

METHODS
Development of Hurricane Mortality Surveillance
There is no state ME in Texas; as such, Texas uses a mixed ME
and JP system to investigate and report unnatural deaths from any
causes (eg, suicide, occurred without medical attendance, or un-
known cause of death). In June 2008, the Texas Department of
State Health Services (DSHS) and the Centers for Disease Con-
trol and Prevention (CDC), provided 2 training workshops on
disaster-related mortality to selected local, regional, and state pub-
lic health staff. Based on the CDC’s disaster-related mortality sur-
veillance form and recommendation,10 DSHS developed a state-
specific surveillance form to enhance the timely reporting of
disaster-related deaths and established a Disaster Death Track-
ing Strike (DDTS) team.11 The form collects preliminary infor-
mation such as demographic characteristics, circumstances, causes,
dates of deaths, and the relation to the disaster.

Although there is no universally accepted definition, hurricane-
related deaths have been defined as those attributed to the ef-
fects of a hurricane, both direct and indirect.12 Based on DDTS
surveillance guidelines, Ike-related deaths were defined as any
death that was directly or indirectly related to Ike among evacu-
ees, residents, nonresidents, or rescue personnel in the de-
clared disaster counties, counties along the Texas Gulf coast,
or counties known to have evacuation shelters from Septem-
ber 8, 2008, through October 13, 2008. Deaths classified as “di-
rectly related” included any death caused by the physical forces
of the hurricane, such as wind, rain, or floods, or by direct con-
sequences of these forces, such as structural collapse or flying
debris. Deaths classified as “indirectly related” were any deaths
caused by conditions that occurred because of the anticipa-
tion or actual occurrence of the hurricane. These conditions
included the loss or disruption of usual services (eg, utilities,
transportation, environmental protection, medical care, police/
fire), personal loss, and disruption of lifestyle such as tempo-

rary displacement or property damage. Deaths that occurred from
natural causes were considered indirectly related if physical or
mental stress before, during, or after the storm resulted in ex-
acerbation of preexisting medical conditions and contributed
to death. Deaths classified as “possibly related” were deaths in
the targeted surveillance areas for which the cause or manner
of death was undetermined or pending and information indi-
cated that the storm may have caused or exacerbated a situa-
tion leading to death.

Data Collection and Analysis
The DDTS team at DSHS in Austin coordinated active Ike-
related mortality surveillance in 44 counties that were either
in the path of the storm or sheltered evacuees from September
8 to October 13, 2008. During the Ike response, MEs, JPs, epi-
demiology response teams from the Health Service Regions, lo-
cal health departments, and practitioners were provided the case
definition and reporting form and encouraged by DSHS to re-
port all hurricane-related deaths. Completed forms were faxed
or e-mailed to the DDTS team. In addition, the DDTS team
used triggering sources (eg, newspaper, internet news alert,
Southeast Texas Forensic Center) to identify other potential
Ike-related deaths.

Ike-related mortality data reported by the MEs and JPs in-
cluded the age, sex, ethnicity, race, date of death, county of death,
description of the incident, probable cause of death, probable
manner of death, and information describing the circum-
stance of death. Based on this information, investigators made
a determination of the cause, manner, and relation of the deaths
to Ike and also classified whether each death was before, dur-
ing, or after hurricane landfall.

Data Entry and Analysis
Data were entered in a secured access database and imported
into Epi Info (US Department of Health and Human Ser-
vices, CDC, Atlanta, GA) and analyzed at both DSHS and
CDC.

RESULTS
The active mortality surveillance identified 74 deaths in Texas
as directly (10 [14%]), indirectly (49 [65%]), or possibly (15
[22%]) related to Ike from September 8, 2008, through Octo-
ber 13, 2008 (Table 1). Deaths occurred in 16 of the 44 coun-
ties covered by the surveillance. The majority of deaths oc-
curred in Harris and Galveston counties (28 [38%] and 17 [23%],
respectively [Figure 1]).The deceased ranged in age from younger
than 1 year to 85 years, with an average age of 46 years (me-
dian 50 years); 70% were male.

When determining the cause of the 74 deaths, 47 (64%) re-
sulted from injuries, 23 (31%) from illnesses, and 4 (5%) were
undetermined. Carbon monoxide poisoning (18%), drowning
(11%), and hit by falling tree (9%) were the leading causes of
injury-related deaths. Cardiovascular failure (16%) was the lead-
ing cause of illness-related deaths. Regarding the manner of death
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of the 74 deaths, 33 (45%) were classified as resulting from un-
intentional injuries (accident), 20 (27%) from natural causes,
5 (7%) from suicide, 12 (16%) pending, and 4 (5%) undeter-
mined.

When classifying deaths as either directly (n=10) or indi-
rectly (n=49) related to the hurricane, the number of indi-
rectly related deaths outnumbered deaths directly by nearly 5:1.
All of the deaths directly related to the storm were caused by
injuries, primarily drowning; 2 people died of blunt force trauma
from being hit by falling tree limbs. Deaths indirectly related
to the hurricane were associated with a wide range of injuries
and natural causes (Table 1). Carbon monoxide poisoning was
responsible for 13 (27%) of the indirect deaths; these were most
often related to the inappropriate use of gas generators or use
of charcoal grills (for cooking) inside a residence.

The majority (90%) of hurricane-related deaths occurred after
hurricane landfall on September 13 (Figure 2). Seven deaths
(10%) occurred during prestorm hurricane preparedness and
evacuation activities. Among these deaths, 1 was a 10-year-old
boy who was struck and killed by a falling tree limb that was cut
down in preparation for the hurricane, and another was a 52-
year-old man who was electrocuted when he drilled into live wir-
ing while reinforcing his roof with additional screws. One of the
8 drowning incidents occurred 9 hours before hurricane land-
fall; a 19-year-old man was struck by storm surge waves and swept

from a jetty into the Gulf of Mexico about 200 mi from even-
tual hurricane landfall. One of the 74 Ike-related deaths was work
related; a 24-year-old male employee of a utility company was
killed 4 days after the storm during the poststorm recovery pe-
riod, when he was hit by a falling tree while clearing debris from
power lines.

COMMENT
Mortality surveillance following natural or human-made disas-
ters is important in determining the magnitude, manner, cause,
and circumstances of disaster-related death. An understand-
ing of attributable factors and the relation between disasters and
mortality is critical for promoting improvements in public health
preparedness planning and mitigation efforts.13

The mortality surveillance system was useful because it iden-
tified and characterized hurricane-related deaths. It defined the
relation of the deaths to the hurricane (ie, direct or indirect),
which was not possible using another system. DSHS prepared
a daily report that contained updated information on the num-
ber of deaths and leading causes of mortality. The surveillance
data showed carbon monoxide poisoning due to improper gen-
erator use as the leading cause of death after Hurricane Ike, a
finding that helped to identify priority prevention messages
needed during the recovery phase. These daily surveillance re-
ports provided situational awareness to DSHS, state emer-
gency management officials, and CDC’s Emergency Operation

TABLE
Number of Deaths and Their Relation to Hurricane Ike, by Cause of Death, Texas, September 8–October 13, 2008

Total (N = 74)

Cause of Death Direct Indirect Possible No. %

Injury
Carbon monoxide exposure 13 13 18
Drowning 8 8 11
Hit by falling tree limb 2 5 7 9
Burns (flame or chemical) 2 1 3 4
Firearm 3 3 4
Fall 2 2 3
Ingestion of drug or substance 2 2 3
Inhalation of other fumes/smoke/dust 1 1 1
Suffocation/asphyxia 1 1 1
Electrocution 1 1 1
Pedestrian/bicyclist struck 1 1 1
Motor vehicle accident 1 1 1
Other or unknown cause of injury 1 3 4 5

Illness
Cardiovascular failure 8 4 12 16
Respiratory failure 1 2 3 4
Renal failure 2 2 3
GI and endocrine 1 1 1
Other illness 3 3 4
Unknown 2 2 3
Undetermined 1 3 4 5

Total 10 49 15 74

GI, gastrointestinal.
Data adapted from case reports from the Texas Department of State Health Services Hurricane Ike mortality surveillance system (2008).
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FIGURE 1
Number of deaths related to Hurricane Ike (directly, indirectly, possibly) by County, Texas, September-October 2008
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FIGURE 2
Number of deaths related to Hurricane Ike (directly, indirectly, and possibly), by date, in 44 Texas counties,
September-October 2008

16

2

4

6

8

12

10

14

0

N
um

be
r

Date
9/

11
/2

00
8

9/
12

/2
00

8

9/
13

/2
00

8

9/
14

/2
00

8

9/
15

/2
00

8

9/
16

/2
00

8

9/
17

/2
00

8

9/
18

/2
00

8

9/
20

/2
00

8

9/
21

/2
00

8

9/
22

/2
00

8

9/
23

/2
00

8

9/
25

/2
00

8

9/
27

/2
00

8

9/
28

/2
00

8

10
/1

/2
00

8

10
/1

1/
20

08

Unk
no

wn

Possible
Indirect
Direct

Hurricane Ike Landfall

Tracking Deaths Related to Hurricane Ike, Texas, 2008

26 Disaster Medicine and Public Health Preparedness VOL. 5/NO. 1
(Reprinted) ©2011 American Medical Association. All rights reserved.



Center and was extremely helpful in responding to media in-
quiries. Such use demonstrated the importance of actively ex-
changing mortality information during a public health emer-
gency and also served as an early-warning alert system to detect
mortality patterns where public health action may be initi-
ated.

In Texas, the disaster mortality surveillance system associated
with Ike indicated that injury directly or indirectly related to
the hurricane was the leading cause of death, which is consis-
tent with reported deaths associated with previous hurri-
canes.13-15 This investigation continues to highlight the im-
proper use of gas-powered generators associated with fatal carbon
monoxide poisonings.16,17 DSHS issued statewide press re-
leases on carbon monoxide poisoning and prevention within
1 day of hurricane landfall and again on day 3, and regional staff
distributed carbon monoxide poisoning prevention materials
at ice and water distribution locations. In response to the early
identification of carbon monoxide poisonings by local health
officials in Harris County, the city of Houston and Harris County
public health officials undertook joint and broad prevention
efforts including disseminating press releases (in English and
Spanish) and distributing fact sheets to residents and evacuees
about the hazards posed by the improper placement of genera-
tors in indoor settings. Public health officials in Galveston dis-
tributed 6000 flyers containing carbon monoxide poisoning and
prevention information.

The present report also highlights the danger of drowning dur-
ing hurricanes, even in locations that are far from anticipated
storm landfall. Hurricane-related drowning is associated with
the sinking of boats during storms, increased surf or wave con-
ditions at beaches and around jetties, and vehicle use during
heavy rains.18 Because there was 1 work-related death re-
ported, utility employees should be reminded of the precau-
tions they need to take during hurricane response.

In addition, the findings in this report suggest the need to es-
tablish an active mortality surveillance system before hurri-
cane landfall in areas close to the predicted hurricane track or
evacuation route. Seven deaths occurred before Ike made land-
fall, leading to the suggestion that public education on pre-
venting injuries associated with hurricane preparedness activi-
ties need to be strengthened. High-population areas close to
hurricane tracks are at risk. In this report, the 2 most heavily
populated counties along Ike’s path (Figure 1), Harris County
(3 400 578 people) and Galveston County (250 158 people),19

accounted for nearly two thirds (45 [61%]) of the deaths. Pub-
lic health messaging on hurricane preparedness activities, proper
use of gas generators, and safe cleanup and recovery activities
in targeted areas such as counties with high population den-
sity or close to the storm track will be crucial in reducing fu-
ture hurricane-related deaths. We recommend future analyti-
cal epidemiological investigations of hurricane-related deaths
to identify pertinent risk factors (eg, language differences, en-
vironmental) and a comparison of this active mortality surveil-

lance system with passive surveillance systems such as normal
death registration process (ie, vital statistics).

The findings in this report are subject to a number of limita-
tions. First, there is no universally accepted standard defini-
tion of a hurricane-related death. This lack may lead to
over- or underreporting, because the classification of a direct,
indirect, or possible hurricane-related death is based on indi-
vidual judgment, the availability of information, and the cir-
cumstances of death. Second, information on some of the deaths
was incomplete. Third, an unknown number of deaths di-
rectly or indirectly attributable to the hurricane may have been
missed, particularly those indirectly attributable to the hurri-
cane that occurred outside of the investigation’s geographical
and temporal scope.20

Hurricane-related deaths are preventable. In the United States,
before the implementation of warning, evacuation, and shel-
ter systems, drowning from storm surge accounted for an esti-
mated 90% of hurricane-attributable mortality.21,22 Improve-
ments in hurricane forecasting and well-devised evacuation and
shelter procedures have shifted hurricane mortality trends.23 Pub-
lic health agencies can use the surveillance results from Ike to
promote improvements in hurricane preparation, warning, and
response activities. Local, regional, state, and federal health agen-
cies, medical examiners, justices of the peace, and other part-
ners should continue to collaborate to improve the capacity to
track deaths during the hurricane season.

CONCLUSIONS
Defining the relation of death to hurricanes using an active mor-
tality surveillance systemispossible.Theactivemortality surveil-
lance form used after Ike provided valuable daily information to
DSHS, state emergency management officials, and the CDC re-
garding the characteristics of deaths in the state. Most of the Ike-
related deaths resulted from injury (directly or indirectly related)
such as carbon monoxide poisonings and drowning and may have
been preventable by educating the public about such risks.
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