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Abstract

Introduction
The Internet has revolutionized the way public health 

surveillance is conducted. Georgia has used it for notifi-
able disease reporting, electronic outbreak management, 
and early event detection. We used it in our public health 
response to the 125,000 Hurricane Katrina evacuees who 
came to Georgia.

Methods
We developed Internet-based surveillance forms for 

evacuation shelters and an Internet-based death registry. 
District epidemiologists, hospital-based physicians, and 
medical examiners/coroners electronically completed the 
forms. We analyzed these data and data from emergency 
departments used by the evacuees.

Results
Shelter residents and patients who visited emergency 

departments reported primarily chronic diseases. Among 
33 evacuee deaths, only 2 were from infectious diseases, 
and 1 was indirectly related to the hurricane.

Conclusion
The Internet was essential to collect health data from 

multiple locations, by many different people, and for 
multiple types of health encounters during Georgia’s 
Hurricane Katrina public health response.

Introduction

Initiatives for electronic disease surveillance

The Internet has revolutionized the way govern-
ment institutions function (1). As part of this revolu-
tion, in March 2001, the Centers for Disease Control 
and Prevention (CDC) developed the National Electronic 
Disease Surveillance System initiative to provide a stan-
dard, integrated approach to notifiable disease surveil-
lance by connecting public health to clinical information 
systems (2). Another CDC development has been the 
Public Health Information Network (PHIN) preparedness 
initiative (3); 2 functional areas of this initiative are out-
break management (OM) and early event detection (EED). 
OM supports investigations of health events by providing 
a module for questionnaire development and data entry, 
and EED speeds the response to potential public health 
emergencies by collecting and analyzing prediagnostic and 
nonclinical disease indicator data (4).

Before these CDC initiatives were developed, the Georgia 
Division of Public Health (DPH) began developing its 
own notifiable disease system known as SendSS (State 
Electronic Notifiable Disease Surveillance System). As 
CDC standards and recommendations emerged, Georgia 
incorporated them into SendSS, which developed into a 
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Web-based system that has been widely used since 2002. 
SendSS uses a range of Internet technologies to collect, 
analyze, and manage reports of notifiable diseases in 
Georgia. All district and DPH Notifiable Diseases Section/
Epidemiology Branch epidemiologists and many hospitals, 
laboratories, and private health care providers throughout 
Georgia use SendSS. Because SendSS has demonstrated 
flexibility and technical strength and is familiar to the 
health care community, and because of the development 
and requirements of PHIN, in early 2005, DPH chose it as 
the foundation for Georgia’s implementation of the EED 
and OM modules.

Hurricane Katrina evacuees in Georgia

On August 29, 2005, Hurricane Katrina struck the 
Gulf Coast (5). Outside of the affected areas of Louisiana, 
Mississippi, and Alabama, Georgia received the second 
largest number of evacuees from Hurricane Katrina. The 
Federal Emergency Management Agency registered 47,440 
evacuee households in Georgia (6). Because Mississippi 
and Louisiana had an average household size of 2.6 people 
(7), this number equates to almost 125,000 evacuees.

Within days, Georgia established 13 American Red 
Cross– or Salvation Army–sponsored shelters for evacuees 
in 11 of its 18 public health districts (Figure 1). Crowded 
shelters can increase the risk for communicable diseases. 
In addition, many evacuees had to leave needed medica-
tions behind, which increased their risk for chronic disease 
exacerbations. Therefore, in response to the arrival in 
Georgia of Hurricane Katrina evacuees, we implemented 
the OM and EED modules of SendSS.

Methods

One day after Hurricane Katrina made landfall in 
Louisiana, DPH began developing 1-page forms for disease 
surveillance in evacuation shelters and a death registry 
for hospital-based physicians, medical examiners, and 
coroners. On September 3, these were available electroni-
cally in SendSS for all district and DPH epidemiologists 
to use. The disease surveillance form captured census 
data, symptoms of infectious diseases with outbreak 
potential, chronic conditions, mental health conditions 
(such as overt anxious or depressed behavior, substance 
or alcohol intoxication or withdrawal, or erratic behavior), 
injuries, and numbers of medical referrals. The district  

epidemiologists and other district personnel (district dis-
ease surveillance team) conducted the shelter surveil-
lance. We calculated mean and median number of people 
in shelters; demographic information, such as age and sex, 
as percentages; and rates of conditions (cases per resident-
days). The 1-page death registry, used by medical exam-
iners and coroners, captured demographic information, 
manner and cause of death, and whether the death was 
related to Hurricane Katrina. Direct referred to a death 
that was related to environmental forces of Hurricane 
Katrina, and indirect referred to an exacerbation related 
to the hurricane of a preexisting medical condition. We 
calculated simple means, medians, and percentages of 
characteristics among the deceased.

At that time, 7 hospital-based emergency departments 
in 2 health districts (East Metro-Atlanta and Coastal) par-
ticipated in SendSS EED; subsequently, 2 additional emer-
gency departments and health districts (Macon and Rome) 
provided retrospective data. We retrospectively used chief 
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Figure 1. Locations and Occupancy of Hurricane Katrina Evacuee Shelters. 
Blue Line Indicates Boundaries of �8 Health Districts; “H” Indicates 
Location and Relative Number of Hospitals That Participated in Early Event 
Detection in Georgia, September 2005. 



complaint, physician diagnosis, and demographic informa-
tion, including zip code of residence before the hurricane, 
to characterize the Hurricane Katrina evacuees who used 
any of the 9 enrolled emergency departments for health 
care. We compared Louisiana and Mississippi residents 
— on the basis of the zip code captured by SendSS EED 
— who visited these emergency departments during the 
8 months before (January 1 through August 28, 2005) 
Hurricane Katrina with those who visited during the 1 
month after (August 29 through September 28, 2005). We 
then compared differences in the demographic character-
istics and reasons for visiting the emergency department 
by using the z test for 2 proportions.

Results

Shelters were opened for Hurricane Katrina evacuees 
on August 29, 2005, eventually in 11 of the 18 health 
districts in Georgia. District epidemiologists and other 
public health staff conducted disease surveillance in the 
shelters from September 1 through 21, 2005; however, 
because the district epidemiologists had to return to 
their regular jobs after 2 weeks, the most complete data 
were from September 1 through 17. Epidemiologists daily 
entered into SendSS data from an average of 6 shelters 
(median 5, range 1-10); shelters had a mean daily occu-
pancy of 122 people (median 114, range 25-278). For those 
days when demographic data were available (September 
3-17), the numbers of male and female evacuees were 
approximately equal (50.3% male and 49.7% female), 
and 29.5% were aged less than 19 years. Except for adult 
acute chest pain, chronic disease conditions and mental 
health problems were reported at least as frequently as 
infectious disease symptoms (Table 1). The district epide-
miologist detected only 1 confirmed outbreak of norovirus 
(Figure 2).

Georgia medical examiners and coroners entered into 
the death registry 33 deaths among Hurricane Katrina 
evacuees from 7 different counties in Metro-Atlanta and 
Southwest and Coastal Georgia. These deaths occurred 
an average of 33 days (median 31, range 0-113 days) after 
August 29, 2005. The average age of the deceased was 61 
years (median 66, range 0-89 years), 42.3% were female, 
and 91% were from Louisiana, of whom 77.3% were from 
New Orleans. Deaths were mainly from natural causes 
(90.9%); however, 1 person each died from homicide, 
suicide (self-inflicted gunshot wound), and accident (fall 

resulting in subdural hematoma). The causes of death 
were noninfectious except in 2 people who were septic 
(Table 2). Most (78.8%) evacuees died in a hospital. No 
deaths were registered as directly related to the hurricane; 
only 1 death was coded as indirectly related to the hurri-
cane because of preexisting cerebrovascular disease.

Of Louisiana and Mississippi residents who visited  
participating Georgia emergency departments, 174 visited 
during the 8 months before and 151 visited during the  
1 month after Hurricane Katrina. This number repre-
sented a 7-fold increase in monthly visits, but patients’ 
age, sex, and racial distribution did not differ between 
the 2 periods. Of the evacuees, those from Louisiana 
were more likely to visit Atlanta emergency departments 
(72.4%) than emergency departments in the other 3 health 
districts (Coastal, Macon, and Rome) combined (P ≤ .01). 
Mississippi residents (40%) were more likely to go to the 
Coastal district than were Louisiana residents (22%,  
P = .03). Only cardiopulmonary complaints significantly 
increased (P = .03) after Hurricane Katrina; nonsignificant 
increases were seen with medication refill requests and 
complaints of rash/skin infection (Table 3).

Discussion

Natural disasters require a rapid public health response 
to minimize the devastating effects that these events 
can have on the health infrastructure and the health of  
affected people. Because so many Hurricane Katrina 
evacuees came to Georgia and could not return home, we 
realized the need for public health surveillance at multiple 
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Figure 2. Rate of Diarrhea or Vomiting Among Hurricane Katrina Evacuees 
in Georgia Shelters, September �-�7, 2005. An Outbreak of Norovirus Was 
Detected in � Shelter on September 5 (75% of Specimens Were Positive 
for Norovirus). The Overall Rate of Diarrhea/Vomiting for the Period Was 
9.35 cases per �,000 Resident-Days.
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levels: conducting disease surveillance in shelters, assess-
ing evacuees’ use of the health care system, and document-
ing any deaths.

Traditionally, public health response during a natural 
disaster focuses on preventing communicable disease 
epidemics (8). However, public health authorities are 
increasingly aware that people with chronic diseases have 
special needs during such an event (9,10). This was the 
case in Georgia shelters, where most of the conditions that 
required medical referrals were chronic diseases, such as 
hypertension and diabetes. In addition, only cardiopulmo-
nary complaints increased significantly after the hurricane 
as reasons for visiting the emergency department.

The shelter disease surveillance identified only 1 infec-
tious disease outbreak of norovirus. During the same 
time, epidemiologists identified a much larger norovirus 
outbreak in multiple shelters in Houston, Texas (11). 
In spite of concerns about the potential for outbreaks, 
most conditions identified inside and outside the hurri-
cane-affected areas were chronic diseases (12), and rates 
of hypertension and diabetes among evacuees (13) in 
Louisiana shelters were comparable to those we observed 
in Georgia.

Limitations of the shelter surveillance data are that 
epidemiologists could not enter all data every day and 
that only shelters sponsored by the American Red Cross 
or Salvation Army were included; however, nonsponsored 
shelters were probably smaller than these were, so the 
potential for infectious disease outbreaks was probably 
lower. We similarly could not assess chronic conditions 
and need for medical care referrals in nonsponsored shel-
ters. The EED data are limited because of the location and 
number of emergency departments we were able to survey 
and the retrospective nature of the analysis. As of the 2008 
hurricane season, 30 emergency departments in 14 of the 
18 health districts are participating in EED, and we are 
prepared to examine EED data as we receive it to assess 
needs among hurricane evacuees who access health care 
from all participating emergency departments.

Because evacuees were distributed throughout Georgia 
— as seen by the locations of shelters (11 of the 18 health 
districts), emergency departments used (Figure 1), and 
deaths reported — the state’s Internet-based SendSS 
platform was essential to collect health data from mul-
tiple locations, by many different people, and for multiple 

types of health encounters. Georgia already had OM and 
EED modules in SendSS. The SendSS OM module has a 
dynamic survey capacity that allowed for different forms, 
from disease surveillance in shelters for public health epi-
demiologists to death registry for medical examiners and 
coroners. In addition, the import/export feature enabled 
epidemiologists and physicians throughout Georgia to 
enter data and enabled us to analyze the data collected in 
a timely manner. In future disasters, we will prospectively 
track evacuees who visit emergency departments by using 
the zip codes of where the disaster occurred; doing so will 
increase our knowledge of health care utilization patterns 
and medical needs. Use of the Internet-based SendSS sys-
tem simplified the rapid and systematic collection, analy-
sis, and interpretation of surveillance data from shelters, 
hospitals, and medical examiners/coroners in Georgia. 
Collaboration facilitated by SendSS was valuable, and we 
will use SendSS during future public health emergencies 
that require the collection and analysis of data from vari-
ous locations and venues.

Finally, the Internet can revolutionize the way public 
health professionals respond to a disaster. Our district 
epidemiologists, medical examiners, and coroners dem-
onstrated the utility of the Internet-based SendSS sys-
tem during the Hurricane Katrina emergency response 
in Georgia. DPH understood the need for minimal data 
elements and used only a 1-page form. CDC has devel-
oped and deployed the Rapid Data Collector (RDC), a 
secure, Web-based system, similar in focus to the system 
used in Georgia, which is available for all state and 
local health departments. (For instructions on how to 
register and use RDC, call Michael Miller at 770-488-
7542 or send e-mail to mjmiller@cdc.gov.) With RDC, 
the user can create an electronic survey, deploy it on 
personal digital assistants, and rapidly collect electronic 
data. After collection, data are uploaded to a central, 
Web-accessible database that facilitates their manage-
ment, analysis, and distribution. As an example of its 
use, CDC recommends that officials involved in disaster 
response use RDC to electronically capture and trans-
mit disaster-related mortality data (14). Although other 
states may not have the same capacity as Georgia to 
use a dynamic survey in an electronic notifiable disease 
surveillance system, all states have access to the CDC 
RDC. Therefore, all states can use this electronic tool to 
better monitor and protect the health of the populations 
they serve, especially in the context of a disaster or other 
public health emergency.
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Tables

Table 1. Conditions Reported to Georgia Division of Public 
Health From Hurricane Katrina Evacuees in 13 Shelters, 
September 1-17, 2005

Reported Condition
Mean No. of Cases per 1,000 

Resident-Days (Range)

Chronic disease conditions or symptoms

Asthma 7.8 (0-27.8)

Adult chest pain 2.6 (0-�0.9)

Adult hypertension 33.� (0-�08.�)

Diabetes ��.2 (0-53.9)

Injuries

Falls �.5 (0-�0.8)

Cuts 5.4 (0-32.6)

Mental health problems ��.4 (0-67.6)

Infectious disease symptoms

Fever 2.4 (0-�4.5)

Conjunctivitis 0.5 (0-4.0)

Skin infection 7.8 (0-�9.9)

Skin infestation �.4 (0-4.4)

Cough 8.7 (0-30.8)

Upper respiratory symptoms �5.� (0-34.4)

Diarrhea or vomiting 9.4 (0-43.5)

Medical care referrals

Within shelter 69.7 (0-398.7)

Outside of shelter 8.9 (0-79.7)

Table 2. Cause of Death Among Hurricane Katrina Evacuees 
in Georgia, August 29-December 20, 2005 

Cause of Death (N = 33) n (%)

Cardiac �� (33.3)

Cardiovascular disease 3 (9.�)

Cardiac arrest 2 (6.�)

Congestive heart failure � (3.0)

Hypoplastic left heart syndrome � (3.0)

Hypertension � (3.0)

Myocardial infarction � (3.0)

Myopathy � (3.0)

Shock � (3.0)

Injury 3 (9.�)

Fall with subdural hematoma � (3.0)

Gunshot wound 2 (6.�)

Natural, not specified 2 (6.�)

Neurologic 2 (6.�)

Cerebrovascular accidenta � (3.0)

Intracranial hemorrhage � (3.0)

Respiratory 2 (6.�)

Respiratory failure � (3.0)

Pulmonary embolus � (3.0)

Sepsis 2 (6.�)

Other 5 (�5.2)

Complication of cancer 2 (6.�)

Pancreatitis, acute � (3.0)

Sequelae of cirrhosis � (3.0)

Sequelae of renal failure � (3.0)

Undetermined, natural 6 (�8.2)
 

a Coded as indirectly related to the hurricane; no other deaths were regis-
tered as directly or indirectly related to the hurricane. 

6 Centers for Disease Control and Prevention • www.cdc.gov/pcd/issues/2008/oct/07_0239.htm

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the US Department of Health and Human Services, 
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only 

and does not imply endorsement by any of the groups named above.



Table 3. Reasons for Visits Among Louisiana and Mississippi Residents Who Visited Georgia Emergency Departments Before 
(January 1-August 28, 2005) and After (August 29-September 28, 2005) Hurricane Katrina

 

Reasona

Before Katrina 
(N = 174) 

n (%)

After Katrina 
(N = 151) 

n (%) P value

Chronic disease 20 (��.5) 23 (�5.2) .32

  Cardiopulmonary complaint 4 (2.3) �� (7.3) .03

  Genitourinary/gastrointestinal complaint 8 (4.6) 4 (2.6) .35

  Diabetes � (0.6) 3 (2.0) .25

Injury 43 (24.7) 28 (�8.5) .�8

  Motor vehicle accident 7 (4.0) 8 (5.3) .58

Medication refill 2 (�.�) 6 (4.0) .�0

Mental health 3 (�.7) 3 (2.0) .86

Infectious disease symptom 47 (27.0) 53 (35.�) .�2

  Rash/skin infection 8 (4.6) �5 (9.9) .06

  Respiratory complaint �8 (�0.3) �3 (8.6) .60

  Gastrointestinal complaint 7 (4.0) �2 (7.9) .�3
 

a Not all reasons are shown, and reasons are not mutually exclusive. 
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