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SUMMARY

Salmonella causes an estimated 1·2 million illnesses annually in the USA. Salmonella enterica
serotype Javiana (serotype Javiana) is the fourth most common serotype isolated from humans,
with the majority of illnesses occurring in southeastern states. The percentage of wetland cover
by wetland type and the average incidence rates of serotype Javiana infection in selected counties
of the Foodborne Disease Active Surveillance Network (FoodNet) were examined. This analysis
explored the relationship between wetland environments and incidence in order to assess whether
regional differences in environmental habitats may be associated with observed variations in
incidence. Findings suggest that environmental habitats may support reservoirs or contribute to
the persistence of serotype Javiana, and may frequently contribute to the transmission of
infection compared with other Salmonella serotypes.
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INTRODUCTION

Salmonella causes an estimated 1·2 million illnesses
annually in the United States [1]. Salmonella enterica
serotype Javiana (serotype Javiana) is the fourth
most common serotype isolated from humans, with
the majority of illnesses occurring in southeastern
states [2]. Since the late 1990s, the number of reported
serotype Javiana infections has been increasing.
During 2001–2011, serotype Javiana increased by
175%, the largest increase among the top 20

Salmonella serotypes [2]. Risk factors that have been
associated with serotype Javiana infection through
outbreak investigations and sporadic case-control
studies include consumption of contaminated produce
(e.g., tomatoes, sprouts, and lettuce), well water, and
contact with animals (e.g., reptiles and amphibians)
[3–5]. These findings suggest that the common meat
and poultry reservoirs of other Salmonella serotypes
are less associated with infection caused by serotype
Javiana. Salmonella can also persist in aquatic envir-
onments and different types of wetland are suspected
to host environmental and animal reservoirs of sero-
type Javiana [6]. To better understand possible sources
of serotype Javiana infections, the percentage of wet-
land covered and the average incidence rates of sero-
type Javiana infection in selected counties of the
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Foodborne Disease Active Surveillance Network
(FoodNet) were examined.

METHODS

FoodNet is the principal foodborne disease sur-
veillance component of the Centers for Disease Con-
trol and Prevention (CDC)’s Emerging Infections
Program, a collaboration among CDC, the US
Department of Agriculture’s Food Safety and
Inspection Services (USDA-FSIS), the Food and
Drug Administration (FDA), and ten state health
departments. FoodNet sites include the states of
Connecticut, Georgia, Maryland, Minnesota, New
Mexico, Oregon, and Tennessee, and selected counties
in California, Colorado, and New York. FoodNet
staff conduct active population-based surveillance
for culture-confirmed cases of bacterial infections,
including Salmonella, meaning all cases within the
catchment area are ascertained. Based on results
from previous studies, four FoodNet sites (Georgia,
Maryland, New Mexico, and Tennessee) with the
highest incidence of serotype Javiana infections (at
least 1·0 case per 100 000 population annually) were
selected during 2005–2011 study period. The total
number of serotype Javiana cases was aggregated by
311 FoodNet counties. The smallest level of geo-
graphic unit used was county. Individual addresses
of cases were not available for geocoding. The year
and county-specific incidence rates and average
annual incidence rates (AvIR) were calculated. The
intercensal estimates from US census data for 2005
to 2011 were used as denominators, and AvIRs were
mapped by county in each state using ArcGIS [7].

The data on wetlands were extracted from the US
Fish and Wildlife Services (US-FWS)’s National
Wetland Inventory (US-FWS 2012). US-FWS clas-
sifies wetland into five broad categories: marine
(oceans), estuarine (tidal and salt water marshes),
riverine (rivers and streams), lacustrine (lakes and
their fringe areas), and palustrine (non-tidal, inland
wetland, such as swamps, bogs, and fens). Palustrine
is further divided into freshwater forested/scrub-
shrub, freshwater emergent, and freshwater pond.
Freshwater forested/scrub-shrub consists of forested
swamps. In contrast, freshwater emergent consists of
herbaceous marsh, fend, wale, wet meadow, and sea-
sonally wet areas that support hydric soils and hydro-
phitic vegetation [8]. A separate map layer of each of
the following distinct types of wetland was created
using ArcGIS: freshwater forested/scrub-shrub,

freshwater emergent, freshwater pond, riverine, and
lakes. Marine and estuarine wetlands were excluded
because they were not present in the counties included
in the study. Using state specific data, the percentage
of each county covered by the different types of
wetland (wetland percent coverage) was calculated.
A Spearman’s rank correlation coefficient was used
to assess the correlation between the AvIR of serotype
Javiana and percentage of coverage by wetland type.
Fisher transformation was used to evaluate the signifi-
cance of the correlation coefficients, 95% confidence
interval with a P-values <0·05 was considered to be
statistically significant [9]. Strength of the correlation
coefficient was defined to be very weak (0·00–0·19),
weak (0·2–0·39), moderate (0·40–0·59), strong (0·60–
0·79), or very strong (0·8–1·0). State-specific maps
were created to visualize the percentage of the county
covered by each wetland type as well as county AvIR.

Salmonella enterica serotype Enteritidis (serotype
Enteritidis) cases were ascertained during the same
time period, and correlation coefficients between wet-
land type and incidence of serotype Enteritidis were
calculated. serotype Enteritidis was used as a referent
serotype because it is the most common serotype
detected by FoodNet, and is typically associated
with foodborne rather than environmental transmis-
sion [10], which is why a correlation was not expected
between wetland coverage and the incidence of
serotype Enteritidis. The correlation coefficients for
serotype Javiana were compared with correlation
coefficients for serotype Enteritidis. All of the data
analyses were conducted using SAS 9.3 [11].

RESULTS

The wetland percent coverage for each county ranged
from 0·03% to 90·1%, with fresh forested/scrub-shrub
being the most common wetland type in all four
states. Average wetland percent coverage for each
type of wetland is shown in Table 1. Counties in
Georgia had the highest wetland percent coverage
for all wetland types except riverine wetland.
Tennessee counties had the highest percent coverage
for riverine wetland. Counties in New Mexico had
less than 0·1% wetland percent coverage for the four
types of wetland. Figure 1 shows the geographic vari-
ation of wetland percent coverage with fresh forested/
scrub-shrub wetland and serotype Javiana AvIR by
county.

There were 2542 serotype Javiana cases reported in
the four states during 2005–2011 (Table 1). Georgia
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Table 1. Average percentage of county covered by specific wetland and average incidence rate of Salmonella enterica
serotype Javiana and Salmonella enterica serotype Entertidis, by county in Georgia, Maryland, New Mexico,
Tennessee, 2005–2011

State Georgia Maryland New Mexico Tennessee

Total number of counties 159 24 33 95
Average percentage of county covered by
types of wetland

% (range) % (range) % (range) % (range)

Freshwater emergent 0·58 (0·01–3·99) 0·41 (0·02–1·84) 0·07 (0·00–0·33) 0·22 (0·30–3·28)
Freshwater forested/shrub 12·00 (0·02–90·05) 4·88 (0·06–22·01) 0·06 (0·00–0·29) 3·53 (0·01–69·42)
Freshwater pond 0·59 (0·05–2·46) 0·22 (0·02–1·84) 0·03 (0·00–0·13) 0·31 (0·03–0·94)
Lake 6·00 (0·01–98·08) 0·54 (0·00–3·31) 0·00 12·38 (0·01–84·09)
Riverine 1·11 (0·00–7·21) 1·19 (0·04–5·30) 0·00 (0·00–0·07) 5·28 (0·98–98·26)

Salmonella serotype Javiana
Total number of cases 1911 180 170 285
Mean AvIRa (range) 5·58 (0·00–40·4) 1·35 (0·00–9·78) 1·07 (0·00–10·0) 0·8 (0·00–5·90)

Salmonella serotype enteritidis
Total number of cases 1173 1598 143 622
Mean AvIRa (range) 2·17 (0·00–14·3) 4·0 (1·40–18·90) 1·43 (0·00–7·0) 1·64 (0·00–9·90)

Abbreviation: AvIR, average incidence.
a Average incidence by county per 100 000 person.

Fig. 1. Geographic distribution of Salmonella enterica serotype Javiana average incidence rates in Georgia, Maryland, and
Tennessee, by county and percentage of fresh forested/scrub-shrub wetland present, 2005–2011.
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had the highest mean AvIR, 5·58 per 100 000 persons,
followed by Maryland (1·35), New Mexico (1·07),
and Tennessee (0·80). County AvIR of serotype
Javiana ranged from 0 to 40 per 100 000 persons. In
contrast, 3536 serotype Enteritidis cases were ascer-
tained during our study period, and the mean county
AvIRs were less variable among the four states. Mean
AvIR of serotype Enteritidis was highest in Maryland
(4·00) followed by Georgia (2·17), Tennessee (1·64),
and New Mexico (1·43). County AvIR of serotype
Enteritidis ranged from 0 to 19 per 100 000 persons.

Figure 2 shows the correlation coefficients and 95%
confidence intervals for serotype Javiana county AvIR
and wetland percent coverage for each wetland type
by state. Fresh forested/scrub-shrub wetland was stat-
istically significant in Georgia (0·70) and Maryland
(0·66). The correlation between AvIR and the wetland
percent coverage with fresh emergent wetland was also
significant in Georgia (0·66) and Tennessee (0·42). We
also found significant positive correlations in Georgia
(0·29) and Tennessee (0·39) between AvIR and the
wetland percent coverage with freshwater ponds wet-
lands. Other significant positive correlations included
low positive correlations between AvIR and riverine
wetlands in Georgia (0·34). In contrast, correlation
estimates for serotype Enteritidis were not significant
with wetland types in most sites except in Georgia,
where a significant positive correlation was observed
between AvIR with lakes (0·72), and a significant
negative correlation between AvIR and fresh
forested/scrub-shrub wetland (−0·27) (Fig. 2).

DISCUSSION

Studies of serotype Javiana have demonstrated
regional differences in incidence rates and risk factors
associated with environmental sources [4, 5, 12]. This
analysis explored the relationship between wetland
environments and incidence in order to assess whether
regional differences in environmental habitats may be
associated with observed variations in incidence.
Specifically, in states with the highest AvIR, Georgia
and Maryland, a strong positive correlation was
found between serotype Javiana infection and wetland
percent coverage with fresh forested/scrub-shrub. In
Tennessee (lower AvIR) there was a positive cor-
relation, but it was weaker. In contrast, serotype
Enteritidis, typically associated with foodborne rather
than environmental transmission [10], and was not
associated with any wetland coverage except in
Georgia. The results suggest that local differences in

geology and hydrology may have an impact on the
sources and frequency of transmission of serotype
Javiana in the population – possibly related to animal
reservoirs of the pathogen and to human activity in
these environments.

Freshwater forested/scrub-shrub wetland is asso-
ciated with wooded swamp habitats that may con-
tribute to increased exposure to serotype Javiana
compared with other wetland types. The wooded
swamp habitats of the freshwater forested/scrub-shrub
wetland support abundant forms of life, some of
which may serve as reservoirs for serotype Javiana,
or may contribute to the survival and environmental
persistence of this serotype. For example, fresh
forested/scrub-shrub wetland is an essential breeding
ground for migratory birds and a critical habitat for
juvenile fish and shellfish [13]. These habitats attract
an array of wildlife, including many species of amphi-
bians, which have been shown to be risk factors for
serotype Javiana infection in case–control studies
[5, 13]. Living or spending time in these wetland
areas may increase the probability of exposure to
serotype Javiana. Furthermore, the unique character-
istics of wetlands associated with increased serotype
Javiana incidence may contribute to environmental
survival and persistence of Salmonella; wetland
habitats may support soil conditions and algae
found to contribute to the environmental persistence
of Salmonella [14, 15].

Fresh emergent wetlands coverage was significantly
correlated with serotype Javiana incidence, but not to
serotype Enteritidis, in Georgia, Maryland, and
Tennessee. Another way wetland environments may
lead to serotype Javiana exposure is through agricul-
ture. During the dry season, farmers often use fresh
emergent wetlands as farmland to grow produce.
For example, in 2011, the 10 counties in Georgia
with the most fresh emergent wetland coverage were
the same counties that were ranked the top 10 in pro-
duction value for produce [16]. The use of pesticides
and other water contaminants during agricultural
activities in these wetlands can disrupt the abilities
of water quality enhancement or mitigating pesti-
cide-runoff of wetlands [17]. Increase use of fertilizers
also can result in increased concentration of nitrates
and phosphates in associated farmlands which may
foster bacterial growth, possibly serotype Javiana
and its reservoirs [18, 19]. Studies have implicated irri-
gation water and the soil of tomato farms as environ-
mental sources of serotype Javiana in produce [20],
and have demonstrated that Salmonella can be

2994 J. Y. Huang and others

https://doi.org/10.1017/S0950268817001790 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268817001790


transmitted inside plant blossoms or fruit [21]. The
role of contaminated produce in the transmission of
serotype Javiana is supported by a recent study that
found 70% of serotype Javiana foodborne outbreaks
were linked to plant-derived foods [3].

There was no correlation between serotype Javiana
AvIR and wetland percent coverage in New Mexico
counties. One reason for this may be that none of
the wetland types exceeded a percent coverage >
0·1% and associated habitat of the wetland types do
not exist in New Mexico. Unlike Georgia, only 11%
of farms in New Mexico consisted of cropland and
woodland; the majority of farms were classified as
pasture [22]. With low percent coverage of any wet-
land type, our findings suggest that serotype Javiana
infections in New Mexico may stem from different
sources.

The analysis is limited to data aggregated at county
level which did not take into account other factors
that might influence observed correlations between
serotype Javiana incidence rates and specific types of

wetlands, such as speed and flow of the water, access
to treated water, rainfall and temperature. Lack of a
smaller geographic unit for analysis have a few limita-
tions such as impossibility to include data on sociode-
mographic factors, socioeconomic status, education
level, poverty level, and access to health care [23]. It
is possible that these factors contributed to the asso-
ciations identified in our study. For example, varia-
tions in incidence differ by race and ethnicity among
infants and residents in counties with increased per-
centages of African American or Hispanic residents
[12, 24, 25]. Conducting analyses at a smaller geo-
graphic unit (i.e. census tract) may help elucidate the
interactions between these factors and the associations
with wetlands found in this study. Likewise, analyses
on a smaller geographic scale may clarify whether a
specific wetland type is more influential as there
might be spatial overlap between the different types
of wetland since the study was conducted at the
county level. Health care-seeking behaviors, access
to health services, and other characteristics of the

Fig. 2. Correlation coefficient and 95% confidence intervals of Salmonella enterica serotype Javiana and Salmonella enterica
serotype Enteritidis in Georgia, Maryland, New Mexico, and Tennessee, by wetland type, 2005–2011. Abbreviations: GA,
Georiga; MD, Maryland; NM, New Mexico; TN, Tenneesee. *Denotes statistical significance at P< 0·05.
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population in the surveillance area might affect the
generalizability of the findings [26]. Another limitation
is that incidence of serotype Javiana in Georgia is
nearly five times higher than the incidence in the
other 4 states included in our study, and correlations
were observed for both serotype Javiana and serotype
Enteritidis in Georgia.

CONCLUSION

The findings suggest that environmental habitats may
support reservoirs or contribute to the persistence of
serotype Javiana, and may frequently contribute to
the transmission of infection compared with other
Salmonella serotypes. Numerous significant positive
correlations existed between the incidence of serotype
Javiana infection and the presence of various wetland
types in Georgia, Maryland, and Tennessee. Numbers
of serotype Javiana infections have been continuously
increasing since 2005 and the positive associations
between the presence of specific wetlands and serotype
Javiana in the Southeast suggest water and land use
may introduce serotype Javiana into associated
farmlands. Furthermore, the crops grown in wetland
environments could play an important role in
human infections. Spatial analysis can be a valuable
tool for assessing the possible relationship between
Salmonella and environmental sources. This eco-
logical study highlights the importance of incorporat-
ing geospatial data in the examination of demographic
and socioeconomic factors. Future studies to better
understand these findings and develop targeted educa-
tion and prevention tools are important.
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