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Abstract

Human exposure to Florida red tides formed by Karenia brevis, occurs from eating contaminated
shellfish and inhaling aerosolized brevetoxins. Recent studies have documented acute symptom
changes and pulmonary function responses after inhalation of the toxic aerosols, particularly among
asthmatics. These findings suggest that there are increases in medical care facility visits for
respiratory complaints and for exacerbations of underlying respiratory diseases associated with the
occurrence of Florida red tides.

This study examined whether the presence of a Florida red tide affected the rates of admission with
a respiratory diagnosis to a hospital emergency room in Sarasota, FL. The rate of respiratory
diagnoses admissions were compared for a 3-month time period when there was an onshore red tide
in 2001 (red tide period) and during the same 3-month period in 2002 when no red tide bloom occurred
(non-red tide period). There was no significant increase in the total number of respiratory admissions
between the two time periods. However, there was a 19% increase in the rate of pneumonia cases
diagnosed during the red tide period compared with the non-red tide period. We categorized home
residence zip codes as coastal (within 1.6 km from the shore) or inland (>1.6 km from shore).
Compared with the non-red tide period, the coastal residents had a significantly higher (54%) rate
of respiratory diagnoses admissions than during the red tide period. We then divided the diagnoses
into subcategories (i.e. pneumonia, bronchitis, asthma, and upper airway disease). When compared
with the non-red tide period, the coastal zip codes had increases in the rates of admission of each of
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the subcategories during the red tide period (i.e. 31, 56, 44, and 64%, respectively). This increase
was not observed seen in the inland zip codes.

These results suggest that the healthcare community has a significant burden from patients,
particularly those who live along the coast, needing emergency medical care for both acute and
potentially chronic respiratory illnesses during red tide blooms.
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1. Introduction

Floridared tides occur annually in the Gulf of Mexico from blooms of the marine dinoflagellate,
Karenia brevis (K. brevis). These blooms (also known as harmful algal blooms or HABS) result
in massive fish kills and mortalities to marine mammals and sea birds due to the production of
the natural neurotoxins, the brevetoxins. Human exposure to brevetoxins produced by K.
brevis occurs through two routes, either through eating contaminated shellfish, or through
inhaling airborne toxins (for review, see Kirkpatrick et al., 2004).

Although neurotoxic shellfish poisoning (NSP), the shellfish poisoning associated with
brevetoxin, and other seafood poisoning diseases have been described in the medical literature,
these diseases are significantly under reported to public health authorities (Fleming et al.,
2002; Backer et al., 2003a, 2005a,b). Even with substantial under reporting of HAB-associated
diseases, costs associated with the human health effects of marine toxin diseases have been
estimated to account for at least 45% of the total estimated economic impact of HABs
nationwide (Anderson et al., 2000).

An additional contributor to the total public health cost of marine and freshwater HABs not
included in Anderson et al. (2000) economic report is associated with the inhalation of toxin-
contaminated aerosols. In Florida, wave action and on-shore winds incorporate the red tide
toxins into marine aerosols (Pierce et al., 1990) that are apparently not observed in other
geographic areas. These particular environmental circumstances have resulted in human
exposures and subsequent health complaints for >50 years (Woodcock, 1948).

Animal studies have also shown that inhaled brevetoxin aerosols can cause respiratory and
systemic effects (Abraham and Baden, 2001; Singer et al., 1998; Abraham et al., 2003, 2004;
Baden and Adams, 2000; Benson et al., 2004; Franz and LeClaire, 1989; Kirkpatrick et al.,
2004). Benson et al. (1999) found that after mice were exposed to a single aerosolized
brevetoxin dose, 80% of the toxins cleared quickly from the lung; however, 20% remained for
up to 7 days in the lung, the central nervous system, and elsewhere in the body. Additional
research has suggested that brevetoxins may cause immunosuppression, as well as respiratory
and neurotoxic effects (Bossart et al., 1998; Kirkpatrick et al., 2004). Therefore, subchronic
and even chronic systemic effects are possible from a single acute exposure to aerosolized
brevetoxins.

Recently, several studies identified human respiratory response from exposure to brevetoxin

aerosols. People exposed to the toxins in a recreational beach setting reported upper and lower
airway symptoms (Backer et al., 2003b). Additional studies reported symptoms ranging from
predominantly upper airway symptoms (such as eye and throat irritation) in healthy lifeguards
to both upper and lower airway symptoms (eye and throat irritation, cough, shortness of breath
and wheezing) in the asthmatic subjects (Backer et al., 2005a,b; Fleming et al., 2005). In these
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studies air flow parameters measured by spirometry in the healthy subjects revealed no
significant changes. However, small but statistically significant decreases in airflow
parameters (the amount of the forced vital capacity exhaled in 1 s or FeVq and the forced
expiratory flow in the 25-75% range of the forced vital capacity or FEF,5_75) were measured
in asthmatic subjects after a 1-h exposure to airborne brevetoxins (36.57 + 17.51 ng brevetoxin/
m3 of air) while on the beach. Even greater decreases in FeV4 and FEF,s5_75 were measured
among severe asthmatics who reported taking their regular medications before participating in
study activities. Studies in animals have shown that these same medications both prevent and
treat the respiratory effects of brevetoxins (Abraham et al., 2005; Fleming et al., 2005; Benson
et al., 2005), and it is not clear why they did not have a similar effect in people.

For many years, the public health message has been that symptoms of exposure to aerosolized
Florida red tide would diminish when people left the beach (Baden, 1983). Anecdotal reporting
from the community during an onshore bloom suggested that this may not be true for all people,
particularly those with underlying respiratory diseases, and that people who live near the shore
may be affected more seriously. Quirino et al. (2004) conducted a follow up study on
individuals who called the Florida Marine and Freshwater Toxin Hotline (through the South
Florida Poison Information Center) with concerns regarding airborne red tide exposure. The
study revealed that when compared to a matched cohort of people who called the Hotline for
reasons other than to get information about red tide exposure, the people who called about red
tide exposure reported significantly more upper and lower airway symptoms, a longer duration
of their symptoms (mean 12.84 + 25.35 days versus 2 + 1.41 days for cough), a worsening of
any underlying respiratory disease, and an increased use of medical care (41% versus 13%) at
the time of exposure. This study and the anecdotal reports suggested that exposure to Florida
red tide toxins could cause significant subchronic and chronic disease in humans, not just acute
effects.

With these recent studies, concerns regarding the potential increased need for health care and
the burden on the community healthcare system during onshore toxic blooms have been raised.
This study investigated if there was an increased demand for medical care for respiratory
disease during an ongoing onshore bloom of Florida red tide in one specific health care venue,
the emergency room (ER).

2. Methods

This retrospective cohort study compared the rates of ER visits between two time periods;
October 1-December 31, 2001 when there was a red tide (red tide period) and October 1
December 31, 2002 when there was no red tide (non-red tide period) in Sarasota, FL. Sarasota
has almost annual onshore Florida red tide events which are documented by extensive ongoing
environmental monitoring for K. brevis and brevetoxin.

The facility selected for the study, Sarasota Memorial Hospital (SMH) is one of the four
hospitals in the county and is the largest acute care facility in Sarasota County serving 63.3%
of the county’s population. It is also the facility that is closest to the coastline. Access to
anonymous medical data was provided by the Decision Support Services at SMH after
Institutional Review Board (IRB) approval of the study; the study was also approved by the
Florida Department of Health IRB.

2.1. Exposure data

The Florida red tide exposure period was during the fall of 2001, and the non-exposure period
was during the fall of 2002. The red tide cell count data were provided by the Phytoplankton
Ecology Program at Mote Marine Laboratory, Sarasota, FL. This program routinely monitors
a minimum of two shore locations on its campus. Water samples are analyzed weekly during
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non-bloom conditions and daily during blooms. This explains the increased number of samples
enumerated in 2001 (red tide period) compared to 2002 (non-red tide period).

2.1.1. Health endpoint data—Computerized anonymous ER admission data were collected
for the months of October—December 2001 and for the same months in 2002 to minimize the
effects of variation from respiratory exacerbations or reactions from seasonal exposures (such
as pollen, molds, or dander). In addition, since the Sarasota area has a seasonal population,
using the same 3-month period adjusted for the fluxes in the population as most seasonal
residents have the same visitation pattern year after year.

The study data consisted of the ER admission diagnosis with the international classification of
diseases (ICD) diagnosis classification for respiratory disease (codes 460-519) and all other
ICD diagnoses, the patient age, the residence zip code, and the date of admission. Due to the
use of anonymous data, repeated admissions by the same individual were not identified and
removed. The residence zip code was dichotomized into two groups based on zip codes abutting
the Gulf of Mexico (i.e. “coastal”) to zip codes with no boundary on the water (i.e. “inland”)
residence. With the assistance of three physicians, and using the ICD coding for the primary
emergency room diagnosis, the following mutually exclusive respiratory disease diagnoses
were selected: pneumonia, bronchitis, asthma, and upper airway disease. These four respiratory
diagnoses accounted for 91-92% of all respiratory diagnoses of emergency room admissions
reported during the study months. All other diagnoses were grouped as “all other primary
diagnoses.”

2.2. Statistical analysis

3. Results

The total number of emergency room admission diagnoses was evaluated for the periods
September 1-December 31, 2001 and September 1-December 31, 2002. Using the ICD-9
codes, these diagnoses were categorized as pneumonia, bronchitis, asthma, upper airway
disease, or all other primary diagnoses. SAS, version 9.1 was used for calculations (SAS
Institute Inc., Cary, NC).

Standardized ER admission rates were calculated for the above diagnoses and the subgroups
of coastal and inland within the county. The Florida population for the year 2000 was used.
The population information data were provided by the Florida Cancer Data System at the
University of Miami School of Medicine (Miami, FL). Rate ratios were calculated as the
standardized 2001 age rate divided by the standardized 2002 age rate, and 95% confidence
intervals were calculated for these rate ratios (Clayton and Hills, 1993).

3.1. Environmental data

The average daily cell counts of K. brevis by month are presented in Table 1, indicating
significantly higher cell counts in September—December 2001 compared to September—
December 2002. In Figs. 1 and 2, the true cell counts are displayed on a log scale to account
for the large scale changes between the two sampling periods. An arbitrary offset of 120 was
added to all values to allow visualization of counts of zero. Although there was a slight spike
in cell counts in November 2002, the short duration of the increased counts meant that this was
not considered a bloom. The broad definition of a bloom is higher than normal concentrations
of cells. However, a toxin level that is measurable and could affect human health requires a
minimum of 100,000 cells/L (M. Henry, personal communication). So for this analysis, abloom
is considered when cell counts are over 100,000 cells/L. The ER admissions were assessed
between the October and December time period, however the 2001 September cell counts of
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K. brevis are presented to document that patients reporting to the emergency room October 1,
2001, may have had a significant exposure to Florida red tide in the previous month.

3.2. Emergency room admissions for respiratory disease

The overall number of emergency room admissions during the 2001 and 2002 periods were
similar (i.e. 1295 in 2001 and 1235 in 2002) as were the ages (47.51 + 22.9 years in 2001 and
46.78 £ 22.5 years in 2002), gender distribution (60% female in 2001 and 61% female in 2002),
and race distribution (79% white and 21% “other” in both years) of the ER room patients (see
Table 2). Of the respiratory diagnoses, the diagnoses of pneumonia, bronchitis, asthma, and
upper airway disease comprised 92% of ER admissions in 2001 and 91% in 2002.

When ER admissions rates were adjusted for age, the overall admission rates for all diagnoses
(rate ratio = 1.01; 95% confidence interval = 0.92, 1.10) and for all respiratory diagnoses (rate
ratio = 1.01; 95% confidence interval = 0.93, 1.11) were similar for the red tide period and the
non-red tide period (see Table 3).

However, when the respiratory ER admission rates were categorized as coastal (within 1.6 km
of the shore) or inland (>1.6 km of the shore) based on the reported home zip code, residents
living in the coastal area had a statistically significantly increased ER admission rate than the
inland residents during the red tide period (rate ratio = 1.54; 95% confidence interval = 1.09,
2.18). When examined by subcategory (i.e. pneumonia, bronchitis, asthma and upper airway
disease), there was a non-significant increase in the admission rate for coastal residents during
the red tide (i.e. 31, 56, 44, and 64%, respectively) compared to their admission rates during

the non-red tide period (see Table 3).

During the red tide period, there was a small increase (16%) in the risk of having an ER
admission for any respiratory diagnosis for coastal residents when compared with the risk for
inland residents. In addition, there was an increased risk of ER admission for pneumonia (33%)
and upper airway disease (29%) during the red tide period for coastal residents compared to
inland residents. However, these increases in risk were not statistically significant.

During the non-red tide period, the inland residents had an increase in ER admissions for
respiratory diagnosis compared to coastal residents. A possible cause for this increase is outside
the scope of this analysis. Other inland environmental triggers for respiratory illness may have
been occurring.

4. Discussion

We found a significant increase in the rate of ER admissions for all selected respiratory diseases
taken together during the 2001 red tide exposure period when compared to the 2002 non-red
tide period. In particular, during the red tide period, people with recorded home zip codes
located within 1.6 km of the coast had increased ER admission rates for all respiratory
diagnoses compared to the people with recorded home zip codes further inland. When specific
subcategories of respiratory diseases were examined this same pattern was observed, however,
the sample sizes were small and the corresponding confidence intervals were wide indicating
a considerable amount of variability in the data.

The increased rates of respiratory disease are consistent with the acute response shown in
several animal models and human studies (Backer et al., 2003a, 2005a,b; Fleming et al.,
2005; Kirkpatrick et al., 2004; Abraham et al., 2001, 2005). Coastal residents presumably
experience increased amounts of exposure (dose) and/or increased length of exposure because
they live near the ocean.
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These data also suggest that the respiratory response to Florida red tide toxins may not be a
transient response that is resolved upon leaving the beach. Although recent findings have
revealed an acute response in asthmatics from Florida red tide toxins (Fleming et al., 2005),
as with Quirino et al. (2004), the data in this study also demonstrated increased rates of more
chronic respiratory illnesses such as bronchitis and pneumonia for people living in coastal areas
during red tide blooms. These illnesses may be associated with an infectious etiology, and
could be caused directly or indirectly by exposure to Florida red tide toxins. Computer
modeling has suggested that brevetoxin is a possible enzymatic binding inhibitor of cysteine
cathepsins. Cathepsins are powerful lysosomal proteinases and epitope-presenting enzymes.
They are found within cytosol or lysosomes of macrophages, lymphoid tissues and other cells
(Bossart et al., 1998; Sudarsanam et al., 1992). Based on the chronic exposure and effects in
Florida manatees from Florida red tide toxins (Bossart et al., 1998) and in laboratory rodents
(J. Benson, personal communication), it is possible that the effects of aerosolized brevetoxins
may induce chronic, as well as acute effects. Based on the effects of chronic Florida red tide
toxin exposure in manatees, these chronic effects could begin with the initial phagocytosis by
macrophages, inhibition of cathepsins, and apoptosis of these cells, followed by the
phagocytosis of the debris by new macrophages. This response could ultimately result in
chronic neuro-intoxication, hemolytic anemia, and/or immunologic compromise (Bossart et
al., 1998). Therefore, exposure, particularly chronic exposure, to aerosolized brevetoxins may
lead to immunosuppression that is sufficient to cause the increased rates of pneumonia and
bronchitis seen in this study, especially among persons with underlying respiratory disease
(Bossart et al., 1998; Kirkpatrick et al., 2004).

4.1. Limitations

No individual exposure information was collected for this analysis; this study only reports an
association of exposure with the time periods selected. The zip codes reported as place of
residence do not necessarily identify the actual location of Florida red tide exposure, nor do
they document that exposure actually occurred. Furthermore, since the study did not assess
individual exposure, it is not possible assess the latency (i.e. the time of exposure to the time
when people reported to the emergency room for medical care) period associated with the
observed health effects.

The amount of toxins in the air can vary within the day and over time based on the direction
and speed of the wind (Cheng et al., 2005). The daily toxin level in the air was not assessed.
Exposure was assessed through water analysis of the number of red tide cells present.

Although the data were adjusted for age, no individual health assessment was made to explore
other patterns that might have affected the increase in specific respiratory admissions in 2001
compared to 2002. For example, an early influenza season in 2001 could have lead to increased
respiratory admissions during October—December 2001. Furthermore, individual underlying

pre-disposing conditions (such as chronic obstructive pulmonary disease) were not examined.

5. Conclusions

This study indicated a significant increase in the rates of respiratory disease admissions to an
ER for coastal residents during a year when there was a red tide bloom over several months
compared to respiratory disease admissions during no red tide. This information is consistent
with responses in the animal models after chronic Florida red tide toxin exposure, as well as
anecdotal reports and initial epidemiologic studies in humans. In addition, the increased
admission rate for all the different respiratory diseases taken together was particularly high
among people who lived close to the shore, possibly reflecting their higher or more chronic
exposure to the Florida red tide toxins.
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This study was a preliminary investigation to examine if there is an increased health care burden
to the medical community when an onshore bloom occurs over a period of several months.
Since the ER is only one of various possible access points for people seeking medical care,
assessment of other medical venues (such as walk in clinics, private practice, and state health
departments) is warranted to determine the true burden to the healthcare community. In
addition, it is important to assess the individual dose and duration of Florida red tide exposure
with follow up over time to establish the onset and severity of disease.
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Sarasota Area Red Tide Cell Counts Sept - Dec 2001
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Sarasota Area Red Tide Cell Counts Sept - Dec 2002
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Table 1

K. brevis cell count averages by month in (cells/L)
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2001 2002
September 1419435 50329
October 302895 207
November 399020 2333
December 53070 173
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