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Florida red tides are naturally occurring blooms of the marine dinoflagellate, Karenia brevis. K. brevis produces natural toxins called brevetoxins.
Brevetoxins become part of the marine aerosol as the fragile, unarmored cells are broken up by wave action. Inhalation of the aerosolized toxin results
in upper and lower airway irritation. Symptoms of brevetoxin inhalation include: eye, nose, and throat irritation, coughing, wheezing, chest tightness,
and shortness of breath. Asthmatics appear to be more sensitive to the effects of inhaled brevetoxin. This study examined data from 97 asthmatics
exposed at the beach for 1 hour during K. brevis blooms, and on separate occasions when no bloom was present. In conjunction with extensive
environmental monitoring, participants were evaluated utilizing questionnaires and pulmonary function testing before and after a 1-hour beach walk.
A modified Likert scale was incorporated into the questionnaire to create respiratory symptom intensity scores for each individual pre- and post-beach
walk. Exposure to Florida red tide significantly increased the reported intensity of respiratory symptoms; no significant changes were seen during an
unexposed period. This is the first study to examine the intensity of reported respiratory symptoms in asthmatics after a 1-hour exposure to Florida

red tide.
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INTRODUCTION

Harmful algal blooms (HAB) occur annually along the
west coast of Florida. In recent years, these blooms appear to
be increasing in incidence, duration, and geographic spread,
drawing greater attention from scientists and the general pub-
lic (1). Karenia brevis, a marine dinoflagellate, is the organ-
ism responsible for Florida red tides (2). K. brevis produces a
group of potent natural neurotoxins called brevetoxins which
are tasteless, odorless, and very stable (3). The toxins are
lipid-soluble, cyclic polyethers that are sodium channel acti-
vators (4-6).

Exposures to these toxins occur via ingestion of contami-
nated shellfish, or inhalation of affected marine aerosols (3).
Although ingestion is associated with more severe effects be-
cause of larger doses, inhalation of aerosolized Florida red
tide toxins is significantly more widespread. The toxic aerosol
is created when the unarmored dinoflagellate is broken apart
by wave action, releasing the toxins into the water column,
and through bubble-mediated transport, subsequently incor-
porates the toxins into the airborne salt spray produced by the
wind and waves (7). Air samples taken up to a mile inland
have been found to contain brevetoxins (8).
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Inhaling these aerosols leads to upper respiratory track dis-
comfort and decreased forced expiratory volume in one sec-
ond (FeV,), both of which are quickly reversible after leaving
the beach and entering an air-conditioned area (3, 9). Asth-
matics seem to be particularly susceptible to the respiratory
effects of Florida red tide (10, 11). In addition, Abraham
et al. (12, 13) have shown that K. brevis aerosols are po-
tent airway constrictors in allergic sheep, and that asthma
medication can reduce and prevent the respiratory effects
of brevetoxins. Fleming et al. (11) and Backer et al. (14)
discovered that healthy individuals showed no significant
changes in their airflow after exposure to relatively low lev-
els of aerosolized red tide toxins, while there were small but
statistically significant changes in the airflow parameters of
asthmatics after a 1-hour exposure; both healthy and asth-
matic individuals reported significantly increased respira-
tory symptoms after exposure to aerosolized Florida red tide
toxins.

The objective of this study was to examine the intensity of
these self-reported symptoms in a cohort of 97 asthmatics.
Previous studies (11, 14, 15) only examined the report of a
respiratory symptom if the participant reported no symptoms
prior to exposure to Florida red tide and then reported symp-
toms after exposure; furthermore, there was no utilization
of symptom intensity information. In addition to examining
reported degrees of intensity of respiratory symptoms, in-
vestigators also examined whether or not living close to the
beach and whether pre-treatment with asthma medications
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affected a reported respiratory symptom intensity score with
and without exposure to aerosolized brevetoxins.

MATERIALS AND METHODS

Study Protocol. This study was approved by the Human
Subjects Committees of the University of Miami (Miami,
Florida) and the Florida Department of Health (Tallahassee,
Florida).

Study Site and Dates. The study was conducted on the
public beach access to Siesta Key Beach, Sarasota, Florida.
Data were collected from 4 different 3-day events and one
4-day event (15).

Environmental Monitoring. Environmental monitoring
protocols for these field studies have been reported in de-
tail by Cheng et al. (16). Portable, solar powered, weather
stations were used to measure temperature, humidity, and
average wind speed and wind direction. Six high volume air
samplers (TE-5000; Tisch Environmental, Inc.) were placed
on the beach in the same area where study participants walked
for 1 hour. Samplers collected aerosols for brevetoxin con-
centration in air, as well as for particle size. Filters from sam-
plers were changed twice daily with each capturing a 4-hour
period. Near shore water samples were collected 3 times per
day in 1 L bottles, and evaluated for cell counts (number of
K. brevis cells/L) and brevetoxin concentrations. Finally, ev-
ery participant was outfitted with a personal air sampler dur-
ing their 1-hour beach walk to determine an individualized
aerosol dose. Brevetoxin analyses for all environmental mon-
itoring were performed by High Performance Liquid Chro-
matography (HPLC) and by a brevetoxin Enzyme-Linked
ImmunoSorbent Assay (ELISA) (17).

Participants. To be enrolled in the study, participants had
to meet the following criteria: asthma diagnosed by a physi-
cian, 12 years of age or older, smoking for less then 10 years,
able to walk continuously on the beach for 30 minutes, and
a resident of Florida for at least 6 months of the year. A total
of 97 asthmatics participated in at least one study period of
exposure to Florida red tide and one non-exposure period.
Information concerning asthma severity and proximity to the
beach from the primary residency was collected at study en-
rollment, as well as before and after each beach walk.

Respiratory symptoms (i.e., eye and/or throat irritation;
nasal congestion; cough; wheeze; chest tightness; and short-
ness of breath) and other symptoms designed to identify
people who over-report symptoms (i.e., headache; itchy skin
and/or diarrhea), as well as the use of asthma medications,
were elicited before and after each 1-hour beach walk. If
the participant reported any symptom, they were asked to
describe it as “mild, moderate, or severe” and a respiratory
symptom intensity score was devised. The respiratory symp-
tom intensity score was the sum of intensities of each re-
ported respiratory symptom, where mild = 1, moderate = 2,
and severe = 3. A measure of asthma control was created us-
ing the data on medication use. Compared with participants
who reported that they did not use asthma medications within
12 hours before doing study activities, participants who re-
ported taking asthma medications within 12 hours of perform-
ing study activities were considered to have less-controlled
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asthma. The data were examined by exposure to brevetox-
ins (exposed or unexposed), by geographic area of residence
(i.e., “coastal” < 1 mile from the coast and “inland” > 1
mile from the coast), and by asthma control based on recent
medication use.

Participants also underwent nasal swabbing (for inflamma-
tory markers and brevetoxin concentration by ELISA), and
spirometry (by individuals certified using the National Insti-
tute for Occupational Safety and Health approved training
program) before and after beach walk. The results of these
tests have been reported elsewhere (11, 14, 15).

Statistical Analysis. All questionnaire data were entered
at the time of interview into a Microsoft Access database.
Statistical analysis was performed for this study using SPSS
statistical software. For each individual, their pre-beach walk
value was compared to their post-beach walk value using a
two-tailed paired z-test at the 0.05 level of significance.

RESULTS

During the non-exposure study periods, the K. brevis cell
counts in this area of the Gulf of Mexico were between
<1000 and 6000 cells/L, and the concentrations of breve-
toxins in the water ranged from <0.01 to 0.20 um/L. The
concentrations of brevetoxins in the aerosol did not exceed
0.2 ng/m?, but were often much lower. During exposure study
periods, there were K. brevis cell counts between 14,000 and
200,000 cells/L in the water; the concentrations of breve-
toxins in the water ranged from 0.50 to 29.20 um/L; and,
the concentrations of brevetoxins in the aerosol from 0.02 to
76.6 ng/m? (with higher levels during direct onshore winds).

Ninety-seven asthmatics participated in at least one evalu-
ation during an active K. brevis bloom (exposure period) and
one evaluation during a non-exposure period. Their mean (&
Standard Deviation) age was 38.2 4 18.6 years (range 12.0—
69.0 years). They were predominantly female (58%), and
white non-Hispanics (97%). At the time of the baseline inter-
view, participants had been diagnosed with asthma a mean of
21.8 & 19.4 years prior to study enrollment. Forty-two par-
ticipants (43%) reported regularly using asthma medications
and 16 (16.5%) reported being hospitalized at least once for
respiratory illness in the past year. Only 9 (9.3%) were current
smokers, and 71 (73%) reported having experienced respira-
tory symptoms with exposure to Florida red tide blooms prior
to participating in the study (15).

A summary of the respiratory symptom intensity score data
analysis is displayed in Table 1. Inhalation of Florida red
tide toxin aerosols during exposure events resulted in statis-
tically significant increases in the respiratory symptom in-
tensity scores (p = 0.001). The initial pre-beach walk mean
symptom score value was 1.91, while the post-beach walk
mean respiratory symptom intensity score value was 3.01.
During non-exposure studies, there was non-significant de-
crease in respiratory symptom intensity score (p = 0.62),
dropping from 1.98 before the beach walk to 1.84 after the
beach walk. As seen in Figure 1, there was a significant differ-
ence between the exposure to brevetoxin and non-exposure
mean respiratory intensity symptom scores post-beach walk
(p = 0.003). Of note, non-respiratory symptoms (e.g., diar-
rhea) were not reported during either the exposed, nor the
non-exposed, study periods (data not shown) (15).
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TABLE 1.—Respiratory symptom intensity scores pre/post 1-hour beach walk.

Pre-exposure +

Post-exposure +

n standard deviation standard deviation Difference p Value*

All Participants

Exposure 97 1.91 £2.02 3.01 £3.02 1.10 0.001

Non-Exposure 97 1.98 £2.49 1.84 £2.29 —0.14 0.62

Between exposed and non-exposed 0.003
Place of Residence

Exposure coastal 30 1.93 +1.87 3.77 £3.69 1.84 0.02

Exposure inland 67 1.90 £2.10 2.67 £2.63 0.77 0.02

Non-exposure coastal 30 1.67 £+ 2.40 1.30 + 1.90 —-0.37 0.55

Non-exposure inland 67 2.12+£2.53 2.07 £2.43 —0.05 0.89
Pre-treatmentmedication

Exposure meds 51 237 +2.15 3.04 £2.66 0.67 0.07

Exposure no meds 46 1.39 £ 1.74 298 £3.41 1.59 0.006

Non-exposure meds 51 245 +2.59 2.35+2.70 —0.10 0.81

Non-exposure no meds 46 1.46 +£2.29 1.26 £ 1.57 —0.20 0.64

*two-tailed ¢-test.

Figures 2 and 3 explored the possibility that where the
study participant lived (i.e., “coastal” <1 mile from coast and
“inland” >1 mile from the coast) could affect the exposure
and response of asthmatics to Florida red tide aerosols. Both
subgroups arrived at the beach with similar respiratory symp-
tom intensity scores during the exposure events as follows:
1.93 for the coastal group and 1.90 for the inland group. The
mean respiratory symptom intensity score for people living
near the coast increased 1.84 points to 3.77 (p = 0.02), and
the mean respiratory symptom intensity score for people liv-
ing inland increased 0.77 points to 2.67 (p = 0.02). During
the non-exposure studies there were no significant changes in
reported respiratory symptom intensity scores for either the
coastal (1.67 pre, 1.3 post; p = 0.55) or for the inland (2.12
pre, 2.07 post; p = 0.89) study participants.

The results for the medicated participants (i.e., people
with less well-controlled asthma) vs. non-medicated asth-
matics (i.e., people with well-controlled asthma) are shown
in Figure 4. Respiratory symptom intensity scores of the par-
ticipants who took medication within 12 hours prior to expo-
sure to Florida red tide aerosols did not increase significantly
(2.37 pre, 3.04 post; p = 0.07). However, non-medicated par-

B Pre Beach Walk O Post Beach Walk

Symptom Score

Exposed to brevetoxin

Unexposed to brevetoxin
p=0.62 p=0.001
Two tailed t-test p<0.05

FIGURE 1.—Respiratory symptom intensity score pre- and post-beach walk: All
participants.

ticipants reported a significant increase in the mean respira-
tory symptom intensity scores from 1.39t02.98 (p = 0.006).
For the periods when there were no Florida red tide, there
were no significant changes in respiratory symptom intensity
scores after the beach walk compared to before the beach
walk for either the medicated or the non-medicated subgroups
(Table 1).

DISCUSSION

Abraham et al. (13) demonstrated that brevetoxins are po-
tent airway constrictors in allergic sheep. Consistent with
those observations, we have reported that asthmatics expe-
rience significant increases in the report of upper and lower
airway symptoms during a Florida red tide event, and small
but significant decreases in pulmonary function (11, 15). This
study provided additional evidence that in asthmatics respi-
ratory symptom intensity increased during a 1-hour exposure
to Florida red tide, while respiratory symptom intensity did
not change significantly after a 1-hour beach walk when un-
exposed to Florida red tide. This study also suggested that the
location of residence does not necessarily predispose those
who lived in either coastal or inland communities to be more
vulnerable to the aerosolized brevetoxins, as both coastal and
inland residents both reacted significantly; of note, similar
objective pulmonary function changes were seen in both the
inland and coastal subpopulations by Fleming et al. (15).

| B Pre Beach Walk [ Post Beach Walk |

Symptom Score

Unexposed to hrevetoxin
p=0.89 p=0.02
Two tailed t-test p<0.05

Exposed to hrevetoxin

FIGURE 2.—Respiratory symptom intensity score pre- and post-beach walk:
Inland participants.
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@ Pre Beach Walk 1 Post Beach Walk

Symptom Score

Unexposed to hrevetoxin Exposed to brevetoxin
p=0.55 p=0.02
Two tailed t-test p<0.05

FIGURE 3.—Respiratory symptom intensity score pre- and post-beach walk:
Coastal participants.

This study found that medicated asthmatics reported
fewer changes in respiratory symptom intensity compared
with non-medicated asthmatics when exposed to aerosolized
brevetoxins. These results are consistent with the allergic
sheep model (13), which demonstrated that pre-treatment
with albuterol lessens the bronchoconstrictive effects of
brevetoxin aerosols. Furthermore, it is possible that the par-
ticipants whose asthma was apparently better controlled re-
ported greater changes in symptoms possibly because they
were not accustomed to being symptomatic, while the partic-
ipants whose asthma was not well controlled had blunted
symptom perception (18). Chen et al. (19) evaluated the
perception of severity of reported symptoms among asth-
matics. Their study concluded that appropriate perception is
grounded in prior experience and learning. This implies that
participants experiencing the same amount of respiratory dis-
comfort could have potentially reported those symptoms dif-
ferently depending on previous experiences. Since our study
was based on self-reported symptom data, it is also possi-
ble that this finding may actually reflect differences in the
perception of symptom severity, particularly since the par-
ticipants with less controlled asthma appeared to have the
greater objective decreases in pulmonary function (11, 15).

One possible limitation to our study was the use of self-

|n Pre Beach Walk [] Post Beach Walk |

Symptom Score

Non-Medicated
p=0.006 p=0.07
Two tailed t-test p<0.05

Medicated

FIGURE 4.—Respiratory symptom intensity score and medication use: During a
Florida Red Tide exposure period.
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reported symptoms. However, in addition to objectively-
documented spirometry changes and the lack of over-
reporting of the non-respiratory symptoms (11, 15), the
respiratory symptoms accounted for nearly 75% of the change
when all reported symptoms were evaluated (datanot shown).
Thus, these study results are unlikely to reflect over-reporting
bias on the part of the subjects. One important strength of our
study was the comparison of each individual to themselves,
decreasing the possible effects of confounders such as smok-
ing, obesity and work environment.

CONCLUSIONS AND FUTURE DIRECTIONS

This study documented the intensifying of respiratory
symptoms after only one hour of exposure to the Florida red
tide aerosols in asthmatics. Kirkpatrick et al. (20) demon-
strated increased emergency room admissions for pneumo-
nia, bronchitis, asthma and upper airway disease (particularly
for coastal residents) during years with active Florida red
tides compared to non-exposure years. Given the recent ap-
parent increase in incidence, duration and geographic spread
of Florida red tide blooms (1), the health effects in asthmatics
and other persons with underlying chronic lung disease from
chronic occupational and/or environmental exposure, as well
as exposures to high concentrations of aerosolized Florida
red tides, need to be explored.
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