Clinical Infectious Diseases ~ =
We

Increasing Campylobacter Infections, Outbreaks, and
Antimicrobial Resistance in the United States, 2004-2012

Aimee L. Geissler,” Fausto Bustos Carrillo,” Krista Swanson, Mary E. Patrick, Kathleen E. Fullerton, Christy Bennett, Kelly Barrett, and Barbara E. Mahon

Centers for Disease Control and Prevention, Atlanta, Georgia

Background. Campylobacteriosis, a leading cause of foodborne illness in the United States, was not nationally notifiable until
2015. Data describing national patterns and trends are limited. We describe the epidemiology of Campylobacter infections in the
United States during 2004-2012.

Methods. We summarized laboratory-confirmed campylobacteriosis data from the Nationally Notifiable Disease Surveillance
System, National Outbreak Reporting System, National Antimicrobial Resistance Monitoring System, and Foodborne Diseases
Active Surveillance Network.

Results. During 2004-2012, 303 520 culture-confirmed campylobacteriosis cases were reported. Average annual incidence rate
(IR) was 11.4 cases/100 000 persons, with substantial variation by state (range, 3.1-47.6 cases/100 000 persons). IRs among patients
aged 0-4 years were more than double overall IRs. IRs were highest among males in all age groups. IRs in western states and rural
counties were higher (16.2/100000 and 14.2/100 000, respectively) than southern states and metropolitan counties (6.8/100 000 and
11.0/100000, respectively). Annual IRs increased 21% from 10.5/100000 during 2004-2006 to 12.7/100000 during 2010-2012,
with the greatest increases among persons aged >60 years (40%) and in southern states (32%). The annual median number of
Campylobacter outbreaks increased from 28 in 2004-2006 to 56 in 2010-2012; in total, 347 were reported. Antimicrobial suscepti-
bility testing of isolates from 4793 domestic and 1070 travel-associated infections revealed that, comparing 2004-2009 to 2010-2012,
ciprofloxacin resistance increased among domestic infections (12.8% vs 16.1%).

Conclusions. During 2004-2012, incidence of campylobacteriosis, outbreaks, and clinically significant antimicrobial resistance
increased. Marked demographic and geographic differences exist. Our findings underscore the importance of national surveillance

and understanding of risk factors to guide and target control measures.
Keywords. Campylobacter; Campylobacter infections; drug resistance; public health surveillance; disease outbreaks.

Campylobacteriosis, the most common bacterial diarrheal
illness in the United States, annually causes an estimated 1.3
million illnesses, 13240 hospitalizations, and 119 deaths with
a cost of approximately $1.7 billion in medical care and lost
productivity [1, 2]. Campylobacter, the causative agent of cam-
pylobacteriosis, usually results in self-limited, mild-to-severe
gastroenteritis, but can lead to invasive infections. Persons with
campylobacteriosis are at increased risk for postinfection long-
term complications including reactive arthritis, irritable bowel
syndrome, and Guillain-Barré syndrome (GBS) [3, 4]. Infection
with the most commonly identified etiologic agent of GBS,
Campylobacter jejuni, precedes paralysis in approximately 30%
of patients [5]. Antimicrobial treatment is not required for mild,
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noninvasive infections; however, in severe or prolonged infec-
tions and during pregnancy, treatment can shorten illness dura-
tion and be life-saving [6, 7]. Erythromycin (a macrolide) is the
preferred treatment, but ciprofloxacin (a fluoroquinolone) is
often used empirically because of its broad spectrum of activity
against enteric pathogens [6, 7]. Increasing resistance to both
fluoroquinolone and macrolide agents has been reported in
Campylobacter worldwide [6].

Campylobacter is transmitted by the fecal-oral route, usually
through ingestion of contaminated food or water or through
contact with animals or birds or environments contaminated
by their feces [8-13]. Person-to-person transmission is uncom-
mon and outbreaks are rare. Campylobacter data are reported
regularly by sentinel sites to the Foodborne Diseases Active
Surveillance Network (FoodNet) [14]. Although FoodNet
data indicate that campylobacteriosis incidence is increasing,
FoodNet represents only 15% of the population. Because cam-
pylobacteriosis incidence varies widely by site, we examined
the national picture by using multiple data sources, providing
a significant update to the previous national campylobacteriosis
analysis conducted >30 years ago [14-16].
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METHODS

Data Collection

We analyzed the epidemiology of Campylobacter-associated
infections, outbreaks, and antimicrobial resistance in the United
States by summarizing data during 2004-2012 from 4 surveil-
lance systems: the National Notifiable Diseases Surveillance
System (NNDSS) [17]; the National Outbreak Reporting
System (NORS) [11] and antecedent outbreak reporting sys-
tems; the National Antimicrobial Resistance Monitoring System
(NARMS) [7]; and FoodNet [14].

NNDSS is a passive national surveillance system that collects
demographic and geographic information on cases of nationally
notifiable diseases and conditions [17]. Although campylobac-
teriosis did not become nationally notifiable until 2015, almost
all states required reporting of cases to their health departments
before 2015 and reported these cases to NNDSS [18]. We exam-
ined records of campylobacteriosis reported to NNDSS during
2004-2012 and verified data directly with individual states to
improve data completeness and accuracy. We also requested
and received data from 12 states and the District of Columbia
for years they collected data but did not report to NNDSS. Our
final data set, comprised of NNDSS data supplemented with
data from states and FoodNet, which we refer to as the national
data set, includes all 50 states and the District of Columbia.

NORS is a passive national surveillance system for inves-
tigated enteric disease outbreaks that collects data including
etiology, vehicle, and number of illnesses and deaths. An out-
break is defined as >2 infections linked to a common source.
Outbreaks of campylobacteriosis are investigated by health
departments and reported through NORS, which integrates
the Foodborne Disease Outbreak Surveillance System and the
Waterborne Disease Outbreak Surveillance System [11].

NARMS is an isolate-based surveillance system that con-
ducts antimicrobial susceptibility testing on enteric patho-
gens. For Campylobacter, NARMS conducts surveillance only
in FoodNet sites, using a convenience sample of isolates for
submission. FoodNet is a collaboration among the Centers
for Disease Control and Prevention (CDC), 10 state health
departments, the US Department of Agriculture’s Food Safety
and Inspection Service (USDA-FSIS), and the US Food and
Drug Administration (FDA). FoodNet conducts active, popu-
lation-based surveillance for laboratory-confirmed infections
of 9 bacterial and parasitic pathogens transmitted commonly
through food and for hemolytic uremic syndrome [15]. Since
2004, the FoodNet catchment area has included all or part of
10 states [15]. Among other data, it captures whether patients
traveled internationally before illness onset.

Geographic Distribution, Demographics, and Seasonality

Using the national data set, we calculated annual incidence
rates (IRs) as the number of culture-confirmed campylobacte-
riosis cases per 100000 population for the United States as a

whole and for regions and states, both overall and by age group,
sex, race, ethnicity, month, and rurality using US Census-
defined regions and population estimates. We calculated IRs by
month by dividing monthly case counts by 1/12th the yearly
population. We used USDA Economic Research Service 2013
Rural-Urban Continuum Codes to categorize counties as met-
ropolitan, nonmetropolitan, and rural [19].

Outbreaks
We reviewed NORS data during 2004-2012, including outbreak
case numbers, route of transmission, and source [11].

Antimicrobial Susceptibility

We assessed antimicrobial susceptibility by using data obtained
from NARMS and FoodNet. NARMS uses standardized methods
to assess Campylobacter susceptibility to antimicrobial agents as
previously described [6]. We limited our analysis to 2 clinically
relevant antimicrobial agents, ciprofloxacin (resistance defined as
a minimum inhibitory concentration [MIC] 21 ug/mL for both
C. jejuni and Campylobacter coli) and erythromycin (resistance
defined as MIC 28 pug/mL for C. jejuni and 216 ug/mL for C. coli).
For this analysis, using FoodNet data, we classified cases in per-
sons who reported travelling internationally <7 days before illness
onset as travel-associated and all others as domestically acquired.

Statistical Analyses

We calculated IRs, incidence rate ratios (IRRs), 95% confidence
intervals (CIs), and P values using SAS software version 9.3
(SAS Institute, Cary, North Carolina) and determined statisti-
cal significance (P < .05) using the 2-tailed Cochran-Mantel-
Haenszel X test. We used ArcGIS 10 software (Esri, Redlands,
California) to display IRs by state.

RESULTS

Incidence

During 2004-2012, a total of 303 520 cases of campylobacterio-
sis were reported by the 50 states and the District of Columbia,
an average of 33724 cases per year (range, 29 657-39068). The
IR was 11.4 cases per 100000 persons (range, 10.2 in 2006 to
13.0 in 2012) (Table 1).

Geographic Distribution

Figure 1 indicates that IRs per 100000 persons were highest in
the West (16.2), followed by the Northeast (13.3) and Midwest
(13.0), and were lowest in the South (6.8). For all regions, IRs
were higher during 2010-2012 than in 2004-2006, with increases
ranging from 10% (IRR, 1.10 [95% CI, 1.08-1.12]) in the
Midwest to 32% (IRR, 1.32 [95% CI, 1.30-1.33]) in the South
(Figure 2). By state, IRs per 100000 persons ranged widely from
3.1in Louisiana to 47.6 in Hawaii (Figure 1). IRs per 100 000 were
highest in rural counties (14.2) and lowest in metropolitan coun-
ties (11.0) (Table 1). This pattern held for all age groups, sexes,
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Table 1. Number of Cases, Incidence Rate, and Incidence Rate Ratio of Reported Culture-Confirmed Campylobacter Infection by Demographic

Characteristic, Season, and Geographic Region—United States, 2004-2012

2004-2012

Characteristic No. of Cases (%)? IR (Range) IRR (95% CI)°
Age, y 299933 (98.82)

04 46105 (15.37) 26.30 (23.39-28.41) 3.30 (3.25-3.35)

5-9 18159 (6.05) 10.44 (8.95-12.00) 1.31 (1.29-1.34)

10-19 29676 (9.89) 797 (6.78-9.16) Ref. NA

20-29 39960 (13.32) 10.89 (9.59-12.33) 1.37 (1.35-1.39)

30-59 115038 (38.35) 10.56 (9.80-11.78) 1.33 (1.31-1.34)

>60 50995 (17.00) 10.74 (8.67-13.66) 1.35 (1.33-1.37)
Sex 300650 (99.05)

Male 164710 (54.78) 12.63 (11.23-14.18) 1.25 (1.24-1.26)

Female 135940 (45.22) 10.08 (9.01-11.53) Ref. NA
Season® 303520 (100)

Summer 112108 (36.94) 16.77 (14.32-18.52) 2.09 (2.07-2.11)

Fall 72222 (23.79) 10.92 (9.55-12.54) 1.36 (1.34-1.38)

Winter 52537 (17.31) 8.03 (7.15-8.93) Ref. NA

Spring 66653 (21.96) 9.97 (8.30-11.97) 1.24 (1.23-1.26)
Region® 303520 (100)

West 102470 (33.76) 16.18 (14.05-18.87) 2.38 (2.36-2.40)

Midwest 69244 (22.81) 12.96 (12.02-14.67) 1.91 (1.89-1.93)

Northeast 63388 (20.88) 13.27 (11.59-15.62) 1.95 (1.93-1.98)

South 68418 (22.54) 6.79 (5.67-8.39) Ref. NA
Rurality® 301561 (99.35)

Metropolitan 247500 (82.07) 11.02 (9.91-12.67) Ref. NA

Nonmetropolitan 37749 (12.52) 12.97 (11.34-14.97) 1.18 (1.16-1.19)

Rural 16312 (5.41) 14.20 (12.19-16.10) 1.29 (1.27-1.31)
Total 303520 (100) 11.44 (10.20-12.97) NA NA

Abbreviations: Cl, confidence interval; IR, incidence rate; IRR, incidence rate ratio; NA, not applicable; ref, reference comparison group.

®Percentages for total in each category were calculated using total number of cases (303520); percentages for subcategories were calculated using the number of cases for the subcategory

total.
PAll P < .001.

°Season: winter = December, January, February; spring = March, April, May; summer = June, July, August; fall = September, October, November.

9Region: Midwest = lllinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, Wisconsin; Northeast = Connecticut, Maine, Massachusetts,
New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, Vermont; South = Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland,
Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia; West = Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico,

Oregon, Utah, Washington, WWyoming.

°Geography defined using 2013 Rural-Urban Continuum Codes, Economic Research Service.

seasons, and regions. For all counties, IRs were 21% higher (95%
CI, 20%-22%) during 2010-2012 than in 2004-2006 (Figure 2).

Demographics

IRs per 100000 persons were highest overall among children
aged 0-4 years (26.3) and in all but 3 states (Alaska, Connecticut,
and Maine) where incidence was highest among persons aged
>60 years (Table 1). Among all states, IRs were lowest among
persons aged 10-19 years (8.0) (Table 1). All age group-specific
IRs increased from 2004-2006 to 2010-2012, with the largest
increases occurring among persons aged =60 years (42% [95%
CI, 39%-45%]) (Figure 2).

IRs were higher among males than females overall (IRR, 1.25
[95% CI, 1.24-1.26]) and across all age groups, races/ethnici-
ties, seasons, and geographic regions (Table 1; data not shown).

Race was provided in only 62% of reports and ethnicity in 52%.
Therefore, we do not report absolute IRs, but compare IRRs for

racial/ethnic groups across age groups because, assuming that race
and ethnicity are not differentially reported by age group, those
comparisons remain robust despite missing data. The majority
of infections reported occurred among whites (52.4%); however,
Figure 3 demonstrates that, compared with whites, incidence was
lower among blacks in all age groups but higher for American
Indians or Alaska Natives in the majority of age groups. Comparing
Asians/Pacific Islanders with whites, incidence was higher among
persons aged <10 years, but lower among other age groups. IRRs
were 1.4- to 2.7-fold higher among age groups <20 and >60 years
for Hispanics, compared with non-Hispanics (Figure 3).

Seasonality

IRs per 100000 persons were highest during June-August (16.8)
and lowest during December—February (8.0), with an overall ratio
of 1.4 spring/summer to fall/winter cases (Table 1). This pattern
was observed for all regions and age groups. A small but distinct
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Figure 1. Incidence rate of reported culture-confirmed Campylobacter infection by state—United States, 2004—2012 (N = 303520).

January peak was evident for persons aged <30 years. For all sea-
sons, IRs were higher during 2010-2012 than in 2004-2006, with
increases ranging from 18% (95% CI, 15%-20%) in the winter to
27% (95% CI, 25%-30%) in the spring. Comparing rural coun-
ties with nonmetropolitan and metropolitan counties, IRs were
significantly higher in rural and nonmetropolitan counties dur-
ing summer (IRR, 1.33 [95% CI, 1.32-1.36]), fall (IRR, 1.21 [95%

CI, 1.19-1.23]), and spring (IRR, 1.13 [95% CI, 1.11-1.16]), but
were similar during winter (IRR, 1.03 [95% CI, 1.01-1.06]). The
January peak was observed only in metropolitan counties.

Outbreaks
During 2004-2012, a total of 347 campylobacteriosis outbreaks
were reported, with 8650 illnesses and no deaths. The median
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Figure 2. Incidence rates (IRs) and incidence rate ratios (IRRs) of reported culture-confirmed Campylobacter infection by time period—United States, 2004-2012
(N =303520). All IRRs were statistically significant (P < .05); 95% confidence intervals for IRRs are depicted with error bars.
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Figure 3. Incidence rate ratios (IRRs) of reported culture-confirmed Campylobacter infection among ethnic and racial groups by age group—United States, 20042012
(N =303520). Not statistically significant (P> .05); 95% confidence intervals for IRRs are depicted with error bars.

annual number of outbreaks was 31 (mean, 38 [range, 20 in
2004 to 68 in 2012]), with a median of 6 illnesses per outbreak
(mean, 25 [range, 2-1644]). The ratio of 4.3 for spring/sum-
mer vs fall/winter outbreaks is >3 times greater than the ratio
for cases overall. During 2004-2006, the median annual num-
ber of outbreaks was 28, with a median of 8 illnesses per out-
break (mean, 54). During 2010-2012, the annual median was
56 outbreaks, but the illnesses/outbreak median decreased to 5
(mean, 14).

The transmission route was reported for 290 of 347 (84%)
outbreaks. The majority, 242 of 290 (70%), were foodborne,
resulting in 5183 illnesses with a median of 7 illnesses per
outbreak (mean, 21). Implicated food vehicles were reported
for 125 (52%) of these foodborne outbreaks, with dairy prod-
ucts implicated in 86 (69%). Less commonly implicated foods
included poultry (19 outbreaks [15%]), produce (9 outbreaks
[7%]), other meats (6 outbreaks [5%]), and shellfish (5 out-
breaks [4%]). Contaminated water was implicated in only 7%
(25/347) of outbreaks; however, with a median of 26 illnesses/
outbreak (mean, 126), these resulted in 59% (3034/5183) of
outbreak-associated illnesses. Among the 25 water-associated
outbreaks, 21 (76%) were associated with contaminated drink-
ing water and 4 (24%) with recreational water exposure. Less
common transmission routes included animal contact (16 out-
breaks [5%]), resulting in 132 illnesses, and person-to-person
transmission (7 outbreaks [2%]), resulting in 37 illnesses.

Antimicrobial Resistance

A total of 8219 Campylobacter isolates were tested for antimi-
crobial susceptibility. Resistance to ciprofloxacin and erythro-
mycin was observed in 1926 (23.4%) and 173 (2.1%) isolates,

respectively. Travel history was reported for 5863 (71%) cases,
of which 1070 (18%) were associated with international travel.
The majority of resistant infections were domestically acquired
(760/1477), although resistance proportions were higher among
travel-associated (62.4% ciprofloxacin; 4.6% erythromycin)
than among domestically acquired infections (14.4% ciproflox-
acin; 1.5% erythromycin). Comparing data from 2004-2010
with the more recent years 2011-2012, resistance to ciproflox-
acin increased among domestic (13.0% vs 17.0%) infections,
and resistance to ciprofloxacin and erythromycin was more
commonly travel-associated (60.2 vs 67.5% and 3.6% vs 6.8%,

respectively) (Table 2).

DISCUSSION

Our analysis reveals broad increases in the incidence
of Campylobacter infection across demographic groups
and throughout the United States during 2004-2012.
Campylobacteriosis incidence was highest in the West and low-
est in the South but increased substantially during the study
period across all regions. We also found consistently higher
rates in rural counties than in metropolitan counties, but inci-
dence increased across all types of counties. Our findings are
consistent with the incidence increases and demographic pat-
terns that FoodNet has described [1, 15, 16]. The overall annual
IR of 11.4 per 100000 is 16% lower than the rate reported from
FoodNet, likely reflecting underreporting in NNDSS, which is a
passive system [15]. It could also reflect true differences. Studies
examining whether geographic differences in medical diagnos-
tic practices or in levels of poultry contamination are associated
with the observed variability in campylobacteriosis have not
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Table 2. Ciprofloxacin and Erythromycin Resistance Among Campylobacter Isolates by Time Period—National Antimicrobial Resistance Surveillance

System, United States, 2004-2012*

2004-2012 2004-2010 2011-2012 2004-2010 vs 2011-2012
Resistance No. (%) No. (%) No. (%) PValue®
Travel associated 1070 (18.3) 747 (19.1) 828 (16.4) NA
Ciprofloxacin resistant 668 (62.4) 450 (60.2) 218 (675) .02
Erythromycin resistant 49 (4.6) 27 (3.6) 22 (6.8) .02
Domestically acquired 4793 (81.7) 3154 (80.9) 1639 (83.5) NA
Ciprofloxacin resistant 689 (14.4) 41 (13.0) 278 (17.0) <.01
Erythromycin resistant 71 (1.5) 44 (1.4) 27 (1.6) 49
Total 5863 (100) 3901 (100) 1962 (100) NA
Ciprofloxacin resistant 1357 (23.1) 861 (22.1) 496 (25.3) <.01
Erythromycin resistant 120 (2.0 71 (1.8) 49 (2.5) .08

Abbreviation: NA, not applicable.

®N = 5863 (71%) isolates from patients who had information on travel history during 7 days prior to iliness onset.

PStatistical significance defined as P < .05.

produced clear answers [20-23]. Little information is available
regarding the overall contribution of waterborne sources, espe-
cially untreated drinking water, to Campylobacter infections.
Our data do not explain these geographic differences, but they
do highlight the regions and demographic groups at greatest
risk. Campylobacter has long been among the most common
causes of bacterial diarrheal illness in the United States, so
broad recent increases in incidence emphasize the need for
effective control measures.

The demographic patterns we report both confirm and
extend previous observations. Consistent with other studies,
the highest incidence occurred among children aged <5 years
and among males [16, 21, 24, 25]. However, in 3 states persons
aged >60 years had the highest incidence of infection, which
may reflect differences in geographical differences in expo-
sures and risks of infection. Compared with non-Hispanics and
whites, markedly higher rates occurred among Hispanics and
American Indian or Alaska Native populations, respectively,
across almost all age groups. Conversely, rates among blacks
were lower. Some degree of protective immunity can be pro-
duced by exposure to Campylobacter [6], so the age-related pat-
terns we observe may reflect age-related exposures producing
such immunity. Collection of standardized case exposure data
could facilitate investigation of risk factors and transmission
pathways [15]. The sex and race/ethnicity patterns for campy-
lobacteriosis differ from those of other enteric infections, for
example FoodNet data, indicate that Salmonella rates are higher
in females than males, and highest in blacks compared with
other races [15].

Our seasonality data reveal noteworthy patterns beyond
the known summer seasonality of Campylobacter [26]. First,
geographic areas and age groups with higher incidence had
more pronounced summer peaks than those with lower inci-
dence. Second, we observed a small but distinct January peak
among age groups <30 years and in metropolitan counties.

Third, over the study period we observed the highest seasonal
increase in the spring. Finally, the spring/summer peak was
substantially greater for outbreaks than for cases overall. These
observations may be associated with seasonality of exposures to
Campylobacter, although how precisely this might occur is as
yet undetermined.

Campylobacter outbreaks also increased 2-fold during the
study period. This pattern contrasts with other enteric path-
ogens such as Salmonella, where the number of outbreaks
was similar in 2004-2006 to 2010-2012 [27]. The majority of
Campylobacter outbreaks are foodborne, with unpasteurized
milk and poultry the most common vehicles. Studies in the
United States and elsewhere have reported that poultry is an
important outbreak vehicle and risk factor for sporadic infec-
tions and that chicken livers specifically may be an increasingly
important vehicle [9, 10, 21, 28-30]. The dramatic increase in
Campylobacter outbreaks associated with unpasteurized milk
has been noted previously [31, 32]. This increase coincides
with an increase in consumer demand for unpasteurized milk,
which has led to changes in policies to reduce restrictions on
the sale of unpasteurized milk in some states [31]. Waterborne
outbreaks, although less common than foodborne outbreaks,
tend to be larger, and have recently been associated with both
contaminated drinking water and obstacle races [33-35].

Changes in antimicrobial resistance can fluctuate quickly;
when comparing the 2 most recent years with 2004-2010, we
found concerning trends in Campylobacter resistance to both
ciprofloxacin and erythromycin. For ciprofloxacin, although
the resistant proportion was highest for travel-associated
infections, we found not only that most resistant infections
were domestically acquired but also that the resistant propor-
tion among domestically acquired infections increased over
the study period. Although resistance was less common for
erythromycin, both travel-related and domestically acquired
resistant infections were reported, and the resistant proportion
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increased for travel-related infections. Ciprofloxacin-resistant
campylobacteriosis increased rapidly after the approval of
fluoroquinolones for use in poultry and has been shown to be
associated with poultry consumption, findings that contributed
to the withdrawal of the approval for poultry by the FDA [36].
Our findings echo global concerns about antimicrobial resist-
ance across pathogens and agents and emphasize the need for
effective stewardship of antimicrobial agents wherever they are
used [37].

This study had limitations beyond those previously dis-
cussed. It is estimated that 30 Campylobacter illnesses occur for
every culture-confirmed and reported illness, and our analysis
included only culture-confirmed cases [1]. In FoodNet, the per-
centage of campylobacteriosis cases diagnosed by culture-in-
dependent diagnostic tests (CIDTs) has increased from 8% in
2010 to 28% in 2015 [38, 39]. The increasing availability and
rapid adoption of CIDTs is further decreasing the proportion of
cases captured in current surveillance systems [38, 39]. Another
limitation is that data regarding species of Campylobacter caus-
ing infections are collected by few states and are not reported
to NNDSS. Lack of species data is unlikely to affect our results
substantially because a large majority of infections are caused
by C. jejuni. Nonetheless, seasonality, demographics, and risk
factors for campylobacteriosis vary by species; therefore, we are
unable to assess the extent to which our results are driven by
differences in species causing infections among different areas
or population subgroups [26, 40].

Our study highlights an urgent need for improved preven-
tion and control of Campylobacter infection and outbreaks in
the United States. Major food safety measures recently imple-
mented hold promise. In 2011 the Food Safety Modernization
Act granted FDA authority to regulate food facilities, establish
standards for safe produce, recall contaminated foods, and
oversee imported foods [41]. In 2016 USDA implemented the
first pathogen reduction performance standards for chicken
parts (former standards were for whole birds), microbial test-
ing at a point closer to the final product at poultry facilities,
and posting of individual companies’ food safety performance
online [42]. Monitoring the impact of these measures with
surveillance data will be important to determine if additional
measures are needed.

Campylobacter infection is common worldwide, and multi-
ple countries have taken innovative steps to control it. These
interventions have recently involved pairing surveillance
with advanced molecular techniques, for example, multilo-
cus sequence typing (MLST) and whole-genome sequencing.
A notable example is New Zealand, where a common MLST
subtype was linked to a specific poultry producer. Voluntary
and regulatory interventions focused on poultry were imple-
mented and were followed by a 54% decline in national campy-
lobacteriosis incidence [43]. Whole-genome sequencing offers
promise for the future; linking WGS data with exposure history

data might facilitate rapid identification of exposures associated
with outbreaks and sporadic cases.

CONCLUSIONS

Campylobacter is the most common cause of bacterial enteric
infection in the United States, yet little national information
has been available. These data provide baseline rates for mon-
itoring change now that campylobacteriosis is a nationally
notifiable disease and reveal several newly described aspects of
Campylobacter epidemiology in the United States. The marked
geographic variability seen in our analysis suggests that FoodNet
sentinel surveillance, which is conducted in only 10 states,
may not accurately reflect important aspects of Campylobacter
epidemiology. Nonetheless, the age, race, and ethnicity-spe-
cific patterns we describe are also seen in FoodNet data alone.
FoodNet sites collect standardized demographic, species, and
exposure data for most reported Campylobacter cases. These
data could be used as a comparison group to explore sources
of infection among the groups identified in this study with the
highest incidence or increasing incidence of infection. In addi-
tion, increasing antimicrobial resistance among both domestic
and travel-associated infections reinforces the need for respon-
sible antibiotic use in both humans and animals. Uptake of
CIDTs threatens the utility of our surveillance systems, and
strategies to incorporate advanced molecular diagnostics in
routine surveillance are needed to maintain and improve sur-
veillance for antimicrobial resistance, outbreaks, and the role of
various Campylobacter species in human illness. Our findings
also underscore the importance of standardizing national sur-
veillance for campylobacteriosis, which is important in under-
standing the burden of infection, better describing geographic
variations and differences among species, elucidating risk fac-
tors, and targeting prevention and control measures.
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