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Brunkard and colleagues provide a detailed assessment
of direct mortality rates in Louisiana from Hurricane
Katrina, the deadliest hurricane to strike the US Gulf

Coast since 1928.1 The authors should be commended on
their efforts because this solidly contributes to the evidence-
based literature, but the scope of this examination needs to
be expanded if we are to calculate the true human cost of the
event.

When examined contextually, the destructive effects of Hurri-
cane Katrina meet or exceed most natural disasters in recent
history. This event internally displaced more than 2.5 million
people throughout the United States, at the time representing
10% of the world’s total 25 million internally displaced persons
(IDP).2 These figures were equivalent to the numbers of IDP in
Darfur, Sudan, and more than the estimated 1.5 million IDP in
all of the countries affected by the 2004 Indian Ocean tsunami.3
Ultimately more than 85,000 people were placed in temporary
housing in trailer parks (trailers provided by the Federal Emer-
gency Management Agency [FEMA]), located mostly in Louisiana
and Mississippi,2 with 45,000 of these individuals continuing to live
in the FEMA trailers.4

Even these formidable numbers may underestimate the true
burden created by Katrina and other large-scale disasters.
Researchers are inherently hindered in their ability to esti-
mate human costs accurately due to the practical difficulties
in finding, assessing, and measuring mortality and morbidity
from the people affected, who are often silent and unrecog-
nized.

Conventional disaster assessments typically measure mortal-
ity only for a period of a few weeks and solely examine direct
consequences. Mortality, classified for assessment purposes as
“direct deaths,” include deaths caused by the environmental
or physical forces of the disaster (eg, drowning in floodwaters,
injuries sustained from flying debris, head injury from struc-
tural damage). Although the timeframe is characteristically
immediate, these assessments do include delayed deaths that
result from the initial injury.5

These assessments fail to account for “indirect deaths” that
in reality will contribute to a large percentage of the excess
mortality. We know from years of international disasters
that the greatest human losses, as high as 70% to 90%, are

secondary to deaths attributable to the breakdown of health
and social services, health information (surveillance) sys-
tems, mass displacement of populations, overcrowded or poor
temporary living conditions, and the loss of livelihoods.6
Indirect deaths also encompass a wide range of causes that
make surveillance more difficult, including suicide and ho-
micide, accidents during the recovery phase, motor vehicle
accidents during relocations, cardiovascular deaths that occur
as a result of shock or stress, and exacerbation of preexisting
medical conditions that cannot be addressed due to many public
health infrastructure and system failures (including but not
limited to medical record loss, insurance lapses, and the destruc-
tion of medical facilities in the disaster area).5

Unlike immediate direct deaths, the accumulation of indirect
deaths can continue long after the initial impact of the
disaster. This phenomenon, which is recognized internation-
ally, can precipitate a public health emergency, often referred
to as “excess mortality.” These deaths are expressed as the
difference between observed and noncrisis mortality rates or
as a total number of excess deaths and are commonly used as
an advocacy and/or political tool, particularly in conflict
environments.7 Alternatively, others have suggested a third
classification: “disaster-triggered deaths.” These deaths result
from disruption of care up to 1 year postdisaster and are
classified as such in an attempt to capture the impact of poor
chronic disease management; here, the interaction of stress
and underlying physical or mental long-term surveillance is
especially important.5 Regardless of the nomenclature, the
disaster community must keep in mind that indirect deaths
are preventable and can be averted with adequate surveil-
lance and planning.

Assessing postdisaster mortality among refugees and IDP in
international disasters is achieved through the use of a crude
mortality rate (CMR) or the under-five mortality rate
(U5MR) as key indicators to define an emergency. For ref-
erence baseline, noncrisis CMRs in most of subsaharan Af-
rica range from 0.3 to 0.6/10,000/day. A doubling of CMR (to
1/10,000/day) represents the internationally accepted thresh-
old for formally declaring a health emergency.7 CMR and
U5MR alone, however, may not help to clearly identify
specific gaps in the humanitarian response or the causes of
the indirect mortality. For most causes of death, a reduction
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in mortality is the result of multisector interventions. For
example, a decreased mortality rate from acute respiratory
infections can be the result of improved shelter, greater
access and availability to outpatient and inpatient care, bet-
ter nutrition, and improved livelihood.7

Unfortunately, the Katrina catastrophe represented a public
health emergency for which indirect deaths were not recognized
or appreciated in a timely manner. Katrina highlighted and
exposed the deficiency and deterioration in essential public
health and health care services in the Mississippi Delta region.
Before the 2005 hurricane season, health and well-being indi-
cators ranked Louisiana as the least healthy state in the United
States,8 and Mississippi was ranked 49th of 50 states.8 Within
these 2 states, approximately 1 in 5 people do not have health
insurance, and both states rank in the top 5 for highest rates of
HIV/AIDS, tuberculosis, sexually transmitted diseases, crude
death rates, and infant mortality.9

As the population density of this region increased,10 the
inadequacy of public health systems, coupled with aging and
poorly maintained levees,11 facilitated the rapid accumula-
tion of indirect deaths. In fact, it is normally human system
failures in public health infrastructure, civil infrastructure,
and coordination that greatly contribute to the indirect
effects of natural disasters, all of which are preventable.

Studies show that mortality rates after a natural disaster
generally increase in the first three days and return to base-
line.12 Brunkard and colleagues show that 986 people were
directly killed by Hurricane Katrina. This is also a conserva-
tive figure, considering the inadequacies of surveillance dur-
ing and after the event. But what do we know about indirect
deaths as a result of Hurricane Katrina? Using death notices
in a local New Orleans newspaper, Stephens et al found the
mortality rate for New Orleans in the first 6 months of 2006
was approximately 91.37 deaths per 100,000 population (0.5
deaths per day/10,000 population), compared to the pre-
Katrina population mortality rate of 62.17 deaths per 100,000
population (0.3 deaths per day/10,000 population). This rep-
resented a 47% increase from the baseline mortality, suggest-
ing a marked increase in indirect (excess) deaths postdisas-
ter.13 This increase suggested that the weakened public
health infrastructure and surveillance system no longer had
the capacity to identify health problems in a timely fashion
and contributed to the resulting excess mortality.

Prehurricane crude mortality rates or baseline CMR rates for
Louisiana and Mississippi were 941 and 990/100,000, respec-
tively, or approximately 0.27 deaths per day/10,000 popula-
tion, close to noncrisis subsaharan CMRs.7,9 Larrance et al2
documented a mortality rate of 0.87 deaths per day/10,000
among those in FEMA trailers in Mississippi and Louisiana 1
year after the disaster. This figure is higher than the 6-month
rates found by Stephens et al, and was nearly double the
baseline rates, which is similar to the internationally ac-
cepted threshold for formally declaring a health emergency.7
Furthermore, this rate may have been an underestimation

because the 2-week assessment period assessed may have been
insufficient to capture mortality rates accurately.2

In another survey, Shehab and colleagues documented factors
contributing to these indirect mortality rates among Mississippi
FEMA trailer residents 2 years after the disaster.4 This study
demonstrated significant numbers of households with at least 1
adult with a chronic disease and at least 1 child with a chronic
disease. In addition, significant numbers of the Mississippi
FEMA trailer population fit the criteria for major depressive
disorder, with a smaller subset reporting suicidal ideation and
attempts. It is notable that the vast majority reported no access
to mental health services. It was also found that fewer than half
of the households had health insurance and many delayed
health care due to lack of insurance or money to pay for health
care visits. Finally, unpublished data from the same study re-
vealed a 2-year mortality rate of 0.38 deaths per day/10,000
population; less than the 1-year CMR but still not at the
prehurricane baseline rates. (Using a 90-day recall period, 6
household members, representing an estimated 1% of the pop-
ulation, were reported to have died. According to this rate, we
would expect 42.6 deaths (3.8 deaths/day/100,000 population)
among 12,377 people during the 90-day period assessed or 42.6/
12,377 � 10,000/90 days � 0.38/10,000 per day.

In acknowledging the direct and indirect effects of natural
disasters, disaster planners should develop surveillance sys-
tems that are sensitive to the true human cost of disasters. In
doing so, recovery programs can be better tailored to address
the basic human needs of food, shelter, security, clean water,
education, and basic health and mental health care access.
When implemented and executed in a timely fashion, these
public health infrastructure improvements can better reduce
overall mortality.14,15
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