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Outbreaks of noroviral gastroenteritis in Florida, 2006—2007
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SUMMARY

Noroviruses are an important cause of sporadic cases and outbreaks of acute gastroenteritis.
During 2006-2007, widespread increases in acute gastroenteritis outbreaks consistent with
norovirus were observed in the United States. We conducted a statewide survey to characterize
norovirus outbreak activity in Florida during a 1-year period. From July 2006 to June 2007,
257 outbreaks of norovirus gastroenteritis were identified in 39 of Florida’s 67 counties.

About 44 % of outbreaks were laboratory confirmed as norovirus and 93 % of these were due to
genogroup GII. About 63 % of outbreaks occurred in long-term care facilities and 10 % of
outbreaks were classified as foodborne. The median number of ill persons per outbreak was 24,
with an estimated total of 7880 ill persons. During the study period, norovirus outbreak activity
in Florida was widespread, persistent, and consistent with increased activity observed in other
parts of the country.

INTRODUCTION outbreaks that were referred to CDC for laboratory
diagnostic testing [4-6]. Results of these studies may
be biased towards foodborne outbreaks and may
under-represent smaller outbreaks. Since 2000, the
Florida Department of Health has conducted its
own diagnostic testing for norovirus. As more states
perform their own diagnostic testing for norovirus,
state and local population-based studies become more
feasible, and provide important detail to more accu-
rately characterize the epidemiology of this disease in
different regions.

During 2006-2007, widespread increases in acute
gastroenteritis outbreaks consistent with norovirus
were observed in the United States. Between October
and December 2006, several states reported a large

Noroviruses are an important cause of sporadic cases
and outbreaks of acute gastroenteritis worldwide,
with more than 20 million cases estimated to occur
annually in the United States [1]. Noroviruses are a
frequent cause of outbreaks in long-term care (LTC)
facilities [2] and are the most common cause of gastro-
enteritis outbreaks on cruise ships [3]. Previous sum-
maries of noroviral outbreak activity in the United
States have often been based on food- and waterborne
outbreaks that are reported to the Centers for Disease
Control and Prevention (CDC), or a subset of
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increase over the previous year in the number of noro-
virus outbreaks [7]. Such increases occur periodically
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in the United States and worldwide and have been
associated with the emergence of new norovirus
strains within the GII.4 genotype [7-9].

In Florida, individual cases of norovirus infection
are not reportable, however, under state administrat-
ive code outbreaks of any disease in a community,
hospital or other institution, or foodborne and
waterborne outbreaks are reportable to public health
authorities [10]. Reports of outbreaks are usually
directed to the local health department for the county
in which they occur, but currently, no central sur-
veillance information system is used in Florida on an
ongoing basis, to maintain data on all such outbreaks.
To characterize norovirus outbreaks in Florida, we
conducted a survey of county health departments.
Among the objectives of the survey were to charac-
terize outbreaks by place, time, size, setting, duration,
and mode of transmission. The survey results provide
statewide population-based data on norovirus out-
breaks during a 12-month period and can be used
to compare noroviral activity in Florida with similar
population-based surveillance data from other re-
gions of the country.

METHODS

Florida is composed of 67 counties; each with a
county health department (CHD) with epidemiology
staff. Following an observed increase in laboratory-
confirmed noroviral activity in Florida during early
2007, CHD epidemiology staff were encouraged to
maintain a line list of outbreaks of acute gastrointes-
tinal illness reported to them. In July 2007, a survey
questionnaire was distributed to all CHDs and epi-
demiology staff were asked to complete one ques-
tionnaire for each outbreak meeting the following
definition: acute onset of vomiting or non-bloody
diarrhoea in two or more individuals, within 72 h
of, and epidemiologically linked to, one another.
Epidemiologically linked was defined as individuals
who share the same household; live, work, or are
schooled in the same facility; or attended the same
event in the week before onset of symptoms. CHD
staff were asked to report all outbreaks meeting this
definition, that were laboratory confirmed for noro-
virus, or that they suspected of norovirus without
another cause identified, for which the initial onset of
symptoms occurred between 1 July 2006 and 30 June
2007. CHDs that did not respond to the initial data
request were contacted until a response was obtained
from all counties.
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The questionnaire contained about 30 questions
regarding each outbreak. Data were collected on the
outbreak setting, and setting categories included a
general grouping of LTC facilities consisting of nurs-
ing homes and assisted-living facilities; a separate
category was used for independent-living facilities.
Group events were defined as events occurring outside
of a restaurant setting — such as a wedding or birth-
day party — that involved a defined group of people.
A separate category was used for restaurant settings.
Further data were collected for each outbreak on the
estimated number of people ill and the number at risk
for becoming ill, the number of ill persons employed
as facility staff, recent cruise travel among the ill,
evidence for foodborne transmission, laboratory test
results, outbreak onset date, report date, and how the
CHD first became aware of the outbreak. Outbreak
duration was estimated by the interval between onset
of symptoms for the first and last chronological case.
A detection interval was computed in days from the
date of onset of the first identified case to the date the
CHD learned of the outbreak. The proportion of ill
persons who were staff members was computed for
each outbreak by dividing the number of ill staff
members by the total number of persons ill.

To calculate attack rates, CHD staff were asked to
estimate the number of people ill and the number at
risk for becoming ill, for each outbreak. Estimating
the number at risk for facility-based outbreaks gen-
erally relied on a list of residents and staff for the
portion of the facility affected. For restaurant-based
outbreaks, estimating the number at risk was gener-
ally more challenging, particularly if a food vehicle
was not identified, and may have included only people
in the dining party of those who reported illness.
An attack rate was computed for each outbreak by
dividing the estimated number of people ill by the
estimated number of people at risk for becoming ill.

Diagnostic specimens submitted for norovirus
testing to the Florida Department of Health, Bureau
of Laboratories were tested for norovirus nucleic acid
by real-time reverse transcriptase—polymerase chain
reaction (RT-PCR) using primer sets broadly reactive
in the ORF1-ORF2 region of norovirus GI and GII
genogroups [11]. Positive results were classified by
genogroup and reported back to the CHD. Relevant
results for each outbreak were included in the ques-
tionnaire data reported by CHDs.

Survey data provided by counties were cross-
referenced to data on confirmed and suspected noro-
virus outbreaks reported to the statewide food- and
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waterborne disease programme. For identified food-
borne outbreaks not reported in the CHD survey,
data were abstracted from outbreak reports to the
survey questionnaire and were added to the dataset.
Data on the number of skilled nursing and assisted-
living facilities licensed in each county were obtained
from the Florida Agency for Healthcare Adminis-
tration [12].

Study data were compiled in a database and ana-
lysed using SAS JMP software (version 6, SAS
Institute, Cary, NC, USA). Tests of significance for
continuous variables were performed using the
non-parametric Wilcoxon’s rank sum test. We used
SaTScan software (version 7, www.satscan.org) using
the retrospective space-time permutation model to
identify spatial-temporal clustering of outbreaks [13,
14]. For cluster analyses, the latitude and longitude
coordinates of the county centroid were used to geo-
reference all outbreaks occurring in a particular
county and the outbreak onset date was used for
temporal reference. Because the spatial resolution of
outbreaks was limited to the county in which they
occurred, the spatial cluster size parameter was set to
1 km radius, sufficient to detect only those outbreaks
assigned to a county centroid. The temporal par-
ameter for cluster size was set to 14 days. To test the
null hypothesis that space—time clusters identified
were random, P values were obtained by comparing
the scan statistic for observed clusters with those
obtained through Monte Carlo simulation of 999
random replications of the data. Statistical tests with
P values <0-05 were considered significant. ArcGIS
software (version 9, ESRI, Redlands, CA, USA) was
used for spatial presentation of data.

RESULTS

During the 1-year study period from July 2006 to June
2007, 257 outbreaks were reported from 39 of
Florida’s 67 counties (Fig. 1). Of these, 245 outbreaks
were reported in the county survey, and 12 were
identified from the statewide food- and waterborne
disease outbreak reporting system. Outbreaks oc-
curred throughout the study period with onset ob-
served in 47 of the 52 weeks (Fig. 2). Outbreak activity
reached a peak in late February and early March with
a statewide maximum of 25 outbreaks beginning in a
single week. Of 257 outbreaks, 113 (44 %) were lab-
oratory confirmed as norovirus and the proportion
of outbreaks that were laboratory confirmed re-
mained relatively consistent throughout the study
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Fig. 1. Number of norovirus outbreaks by county, July
2006—June 2007. Cross-hatching (Pasco and Collier coun-
ties) indicates space—time clustering.

period (Fig. 2). For many unconfirmed outbreaks,
appropriate diagnostic specimens for bacterial and
viral testing were not available and only one suspected
outbreak reported negative laboratory findings for
norovirus testing.

Clustering analysis identified eight space—time
clusters where the observed number of outbreaks ex-
ceeded the number expected; the space—time scan
statistic was statistically significant for two of these
clusters (Table 1). In Pasco County, a cluster of 16
outbreaks occurred within 12 days; in Collier County,
a cluster of three outbreaks occurred within 4 days
(Fig. 1). Analysis using different parameters for
maximum temporal and spatial cluster size did not
change these results appreciably.

Norovirus outbreaks were observed in a variety
of settings with nearly two-thirds in LTC facilities
(Table 2). There are about 3162 skilled nursing and
assisted-living facilities licensed in Florida. Thus the
162 outbreaks reported statewide in these facilities
represent about 5-1 outbreaks/100 facilities per year,
with differences noted by county (Fig. 3). Outbreaks
were also reported in childcare centres, schools,
hospitals, correctional facilities, independent-living
facilities, among restaurant patrons, and in group
events outside a restaurant setting. Correctional
facilities and hospitals had the highest proportion
of outbreaks that were laboratory confirmed, whereas
schools, childcare centres, and independent-living
facilities had a lower proportion confirmed.

The median number of ill persons per outbreak was
24, with the largest outbreak resulting in 149 ill per-
sons. Overall, an estimated 7880 people were ill in the
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Table 1. Space—time clusters of norovirus outbreaks within a county, July 2006—June 2007

Outbreaks Outbreaks Observed/ Scan
County Date observed expected expected statistic P value
Pasco 5-17 April 16 2:38 672 17-24 0-001
Collier 22-26 May 3 0-10 31-50 7-46 0-045
Bradford 1 March 2 0-04 50-40 5-89 0-456
Bay 4-8 February 3 0-17 18-00 5-85 0-460
Broward 11-15 December 3 0-21 14-54 5-25 0-670
Citrus 15 March 2 0-08 25-20 4-54 0-953
Osceola 29 November—11 December 2 0-08 24-00 4-45 0-965
Pinellas 11-22 March 9 3-00 3-00 3-96 0-996
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Fig. 2. Epidemiological curve of confirmed ([J) and suspected (H) norovirus outbreaks by week.

257 outbreaks statewide; 301 persons were hospital-
ized (after excluding 102 persons already hospitalized
in hospital-based outbreaks) and 14 persons died. The
14 deaths occurred in 11 hospitals or LTC facilities
experiencing norovirus outbreaks; five of the 11 out-
breaks were laboratory confirmed for norovirus.
Review of death certificates for four people from two
confirmed outbreaks revealed that norovirus was not
listed on the death certificate and that underlying
medical conditions were the primary cause of death.
Many outbreaks involved ill staff members working
at the affected facility and the median proportion of ill
persons who were staff members was 13 % (Table 2).
Overall the median attack rate for all outbreaks was
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25%, similar to the rate observed in LTC settings.
The median time-interval between the initial onset of
case symptoms and the date the CHD became aware
of the outbreak was 3 days and ranged from 0 to
42 days. The median detection interval was shortest
for outbreaks in households, restaurants, group set-
tings, and correctional facilities, and longest for those
occurring in hospitals and independent-living facili-
ties. The duration of outbreaks ranged from <2 days
to >2 weeks. The 35 outbreaks of >2 weeks’ dur-
ation were compared to outbreaks lasting <2 weeks.
Outbreaks lasting >2 weeks had a significantly
greater number of ill persons per outbreak, a signifi-
cantly greater proportion of facility staff among the
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Table 2. Outbreak characteristics by setting and duration
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No. ill per Attack
Proportion outbreak, Percent rate (%), Detection Foodborne
Outbreaks confirmed  median staff median interval (days), outbreaks,
(% of total) (%) (range) median  (range) median (range) no. (%)

Overall 257 (100) 44 24 (2-149) 13 25(1-91)  3(042) 25 (10)
Outbreak setting

Long-term care 162 (63) 46 27 (2-116) 20 25 (2-91) 3:5(0-31) 1(<1)

facility

Childcare centre 22 (9) 23 8 (4-38) 7 18 (3-86) 5(0-21) 0 (0)

School 18 (7) 11 13 (2-52) 0 9 (1-65)  45(0-12) 1 (6)

Group event 15 (6) 60 17 (7-55) n.a. 37 (7-75)  2(0-5) 8 (53)

Hospital 7(3) 86 41 (15-149) 35 32(7-39)  6(1-42) 0 (0)

Restaurant 14 (5) 29 6 (2-40) 3 59 (50-83) 2(1-7) 11 (79)

Correctional facility 6(2) 100 30 (21-135) 0 4(2-36) 2(04) 1 (17)

Independent-living 5(Q2) 20 23 (9-65) 22 15(7-30) 6 (1-8) 0 (0)

facility

Household 2(<1) 50 65 (6-7) n.a. 78 1 2 (100)

Other 6(2) 83 35 (4-52) 5 25(19-32) 4:5(0-8) 1(17)
Outbreak durationt

<2 days 22 (9) 41 6 (2-89) 0 52 (8-78)  2(0-13) 11 (50)

24 days 41 (16) 49 16 (3-90) 0 27 (3-83) 2(0-16) 7 (17)

5-7 days 48 (19) 33 24-5 (5-70) 13 25 (1-72) 4 (0-12) 24

1-2 weeks 81 (32) 48 34 (5-116) 16°5 25(1-91) 4 (0-15) 2(2)

>2 weeks 35(14) 54 40 (6-149)*  26* 26 (2-86) 8 (0—42)* 0 (0)

Don’t know 28 (11) 36 16 (2-91) 30 16 (2-59) 3 (0-13) 14

* Wilcoxon rank sum test P<0-01 for outbreaks >2 weeks’ duration compared to outbreaks of <2 weeks’ duration.

n.a., Not applicable.
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Fig. 3. Norovirus outbreaks in long-term care facilities,
adjusted for number of facilities per county.

ill, and a significantly longer interval between out-
break onset and detection.

Among facility-based outbreaks, CHD staff most
commonly learned of the outbreak from the facility
itself with more than 75% first reported by the
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i Number of total and foodborne outbreaks may not add to 257 and 25, respectively, due to missing data.

facility. Among outbreaks occurring in restaurants,
group events, or households, sick individuals or fam-
ily members were the most common source to notify
CHD staff regarding the outbreak. About 20% of
reported norovirus outbreaks occurred in six counties
that conduct ongoing, emergency department (ED)-
based syndromic surveillance to identify clusters of
illness, including acute gastrointestinal illness. De-
spite the presence of these systems, none of the coun-
ties reported first learning of a confirmed or suspected
norovirus outbreak through syndromic surveillance.
Twenty-five (10%) of the 257 outbreaks demon-
strated some evidence of foodborne transmission. In
eight outbreaks, a statistically significant association
with a particular food item was identified (Table 3).
Foodborne transmission was considered possible
in another 16 outbreaks based on the majority of sick
individuals consuming the same food item, or evi-
dence from an environmental inspection that sup-
ported foodborne transmission. Eleven (79 %) of 14
restaurant outbreaks were thought to be foodborne;
in two instances a probable food source could not be
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Table 3. Comparison of foodborne and non-foodborne norovirus outbreaks

Foodborne Non-foodborne Total
Outbreaks 25 232 257
No. ill, median 17* 25 24
Attack rate (%), median 54%* 23 25
Detection interval (days), median 2% 4 3
Reported by sick individual or family¥ 71% 7% 11%

Outbreaks by median incubation period
<24h
2448 h
48-72 h
Don’t know

Evidence of foodborne transmissiony
Significant association
Environmental inspection or

majority consumed same food item

3 (12%) n.a.
20 (87 %) n.a.
1 (4%) n.a.
1 (4%) n.a.

8 (33%) n.a.
16 (67 %) n.a.

* Wilcoxon rank-sum test, P <0-05.

1 Percentages may not add to 100 due to missing data.
1 Numbers do not add to 25 due to missing data.

n.a., Not applicable.

identified, and in another restaurant outbreak, an
ill patron was believed to be the original source of
infection. Foodborne transmission was more com-
monly observed among outbreaks of short duration
(Table 2). The median number of ill persons per
outbreak was significantly lower, but the attack rate
significantly higher for foodborne than for non-
foodborne outbreaks (Table 3). The median detection
interval was significantly shorter for foodborne out-
breaks. Among foodborne outbreaks, the estimated
incubation period was most commonly 2448 h, con-
sistent with previous reports of foodborne trans-
mission of norovirus [15].

The median number of ill persons per outbreak was
greater among confirmed outbreaks compared with
suspected outbreaks (Table 4), perhaps due to a
greater availability of adequate specimens for testing
or greater investigative resources devoted to larger
outbreaks. For both confirmed and suspected out-
breaks, the proportion of sick individuals with diar-
rhoea and vomiting was not significantly different,
suggesting that unconfirmed outbreaks were clinically
similar to confirmed outbreaks. Among the 101 con-
firmed outbreaks for which laboratory data were
available on norovirus genogroup, 93 outbreaks were
exclusively associated with the GII genogroup, seven
outbreaks were exclusively associated with the GI
genogroup, and one outbreak showed laboratory
evidence of both GI and GII genogroup infections.
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DISCUSSION

We report 257 outbreaks of noroviral gastroenteritis
occurring in Florida during the 1-year study period;
the seasonality observed corresponds roughly to a
cold weather peak noted elsewhere [16]. More than
60% of the outbreaks occurred in LTC facilities,
about 10% were considered foodborne, and 44 %
were laboratory confirmed for norovirus. We noted
significant space—time clustering of outbreaks in two
counties, the most notable of which consisted of 16
outbreaks with onset over a 12-day period. Investi-
gation of this cluster of outbreaks revealed multiple
ill nursing-home staff employed at more than one
facility, who routinely worked at different facilities
during the same week. Therefore, it is hypothesized
that staff movements between facilities may have
contributed to the spread of norovirus infection from
one facility to another.

Adjusting for population size, the 7880 individual
norovirus infections estimated in the survey, among
Florida’s 2006 estimated population of more than
18 million residents, represents an annual incidence
of about 43 cases/100000 people. This should be re-
garded as a minimum incidence as the true population
incidence of norovirus infection is likely far higher
[15]. Sporadic cases of norovirus were not reported in
our survey and small outbreaks outside of facilities
may have gone undetected by the CHD. The 257
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Table 4. Characteristics of laboratory-confirmed and suspected outbreaks

Laboratory
confirmed Suspected Total
Outbreaks, no. (%) 113 (44) 144 (56) 257 (100)
Foodborne outbreaks 13 12 25
Persons ill per outbreak, median 37 17 24
Proportion of cases with diarrhoea, 86 83 85
median (%)
Proportion of cases with vomiting, 60 63 62
median (%)
Proportion of outbreaks by
duration of symptoms
<12h 1% 0% 1%
12-24 h 9% 13% 11%
24-60 h 56 % 42% 48 %
>60h 6% 9% 7%
Don’t know 28 % 37% 33%
Norovirus genogroup
GI only 7 n.a. 7
GII only 93 n.a. 93
Both GI and GII 1 n.a 1

n.a., Not applicable.

outbreaks represent 1-4 outbreaks/100000 Florida
residents and the 162 LTC facility outbreaks rep-
resent about 5% of licensed facilities per year.

Norovirus outbreaks occurring on cruise ships with
a foreign itinerary were not included in our survey,
since they fall under federal regulations and are
investigated by federal public health authorities.
Nevertheless, between December 2006 and May 2007,
at least five cruise ships arriving at a Florida port
had confirmed norovirus outbreaks [17]. However,
we found no evidence in our survey to support ship-
to-shore transmission of norovirus related to these
cruise ship outbreaks [3, 18]. Only 2/257 outbreaks
reportedly involved a person with cruise travel within
1 week of their illness, and neither individual was
considered the index case for the outbreak in which
they were involved.

Most facility-based outbreaks were reported by the
facilities themselves and most foodborne outbreaks
were reported by ill persons or their families, high-
lighting the important role of facility and community
participation in effective public health surveillance.
Most outbreaks in our survey were reported in
<3 days, and contained within 2 weeks. However,
14% of outbreaks lasted >2 weeks. Outbreaks of
longer duration had significantly longer reporting
delays, suggesting that reporting delays can adversely
affect outbreak control efforts. ED-based syndromic
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surveillance of GI illness symptoms did not contribute
to detecting outbreaks and no counties reported first
learning of a norovirus outbreak through the use
of these systems. This observation is not surprising,
given the relative infrequency of hospitalization or
ED visits for norovirus gastroenteritis, which is often
self-limiting and of short duration.

While noroviral gastroenteritis is usually of limited
severity for those in good health, for the frail elderly
near the end of their lives, dehydration resulting from
diarrhoea and vomiting can hasten their demise.
In this respect, norovirus outbreaks may contribute
to an increase in all-cause mortality in facilities that
care for the elderly, as has been previously reported
[19]. Our data indicated that 14 deaths occurred in 11
facilities experiencing norovirus outbreaks. However,
norovirus was not identified as the primary cause of
death in any cases and, in several instances, underly-
ing medical conditions were the most likely expla-
nation.

There are often substantial costs related to in-
vestigating and controlling norovirus outbreaks in
facilities. Johnston et al. estimated the cost of a large
outbreak in a single hospital at greater than $657 000,
which included lost revenue, sick leave, overtime,
supplies, and cleaning expenses [20]. In addition to the
cost to facilities themselves, several CHDs reported
spending considerable staff time on investigation and
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control of outbreaks in their county. An informal
query of CHD staff suggested that, on average, one
staff-day is spent on smaller outbreaks and 4-5 staff
days may be spent on larger outbreaks. Using a con-
servative estimate of two staff-days for each outbreak,
the norovirus outbreaks occurring in Florida during
the study period required more than 500 staff-days of
effort statewide for investigation and control.

Our finding that nearly two-thirds of outbreaks
occurred in LTC facilities is consistent with recent
findings from other states [7]. Our results showed only
10% of the reported outbreaks statewide were be-
lieved to be due to foodborne transmission, which is
lower than some previous US reports [4-6]. However,
the results from these previous studies may be some-
what biased by the fact that only food- and water-
borne norovirus outbreaks are routinely reported to
CDC. Foodborne outbreaks in our survey occurred
primarily among restaurant patrons and in catered
group events. It should not be assumed, however, that
all outbreaks linked to a restaurant are foodborne.
One implicated restaurant contained many games and
entertainment activities for children and in such a
setting, indirect person-to-person transmission via
surface contamination could not be ruled out. In an-
other outbreak, transmission may have occurred as a
result of viral aerosolization or surface contamination
following a vomiting episode by a restaurant patron.
Such transmission has been previously described [21].

The attack rates noted in our survey are somewhat
lower than have been reported elsewhere [19].
However, the attack rates reported in our survey
should be interpreted with caution, as the estimated
number of persons at risk used in the denominator
was frequently not collected at the time of the out-
break, and was only estimated retrospectively at the
time of the survey. Therefore, attack rates in our sur-
vey may be more informative when comparing one
setting relative to another, rather than as absolute
rates. The retrospective nature of the survey is one
limitation of our study. This required, in some cases,
CHD staff to report details of an outbreak several
weeks after the outbreak had occurred. It may also
have contributed to underreporting of outbreaks by
CHD staff, particularly for smaller, less documented
outbreaks occurring near the beginning of the study
period. Moreover, variability in surveillance and
investigation techniques between CHDs may have
resulted in imprecise statewide estimates. Another
limitation of the study was the limited spatial resol-
ution of outbreak location collected in the survey,
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which did not permit more granular analysis of spatial
clustering below the county level. In addition, lab-
oratory viral characterization below the genogroup
level was not performed. Therefore, we were not able
to draw specific links between outbreaks based on
norovirus genotype data. Finally, some unconfirmed
outbreaks may have been due to other enteric patho-
gens.

In conclusion, Florida experienced widespread
norovirus activity throughout the 2006-2007 season,
consistent with similar increases observed throughout
the country. In addition to the individual suffering
of infected individuals, such outbreaks can represent
a significant burden to affected facilities and those
responsible for investigating and controlling the out-
breaks.
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