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  Summary
  This study was conducted to examine the incidence trend of campylobacteriosis in Michigan over a 10-year period and to investigate risk factors and clinical outcomes associated with infection. Campylobacter case data from 2004 to 2013 was obtained from the Michigan Disease Surveillance System. We conducted statistical and spatial analyses to examine trends and identify factors linked to campylobacteriosis as well as ecological associations using animal density data from the National Agricultural Statistics Service. An increasing trend of Campylobacter incidence and hospitalization was observed, which was linked to specific age groups and rural residence. Cases reporting ruminant contact and well water as the primary drinking source had a higher risk of campylobacteriosis, while higher cattle density was associated with an increased risk at the county level. Additional studies are needed to identify age-specific risk factors and examine prevalence and transmission dynamics in ruminants and the environment to aid in the development of more effective preventive strategies.
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 INTRODUCTION


Campylobacter, a Gram-negative zoonotic pathogen, is one of the most widespread infectious agents in the world [Reference Kaakoush1]. It is not only the leading cause of gastroenteritis in humans, but it can also cause serious long-term sequelae like Guillain–Barré syndrome, reactive arthritis, and inflammatory bowel disease [Reference Keithlin2]. The annual incidence of campylobacteriosis varies between countries, but the numbers of reported cases have been increasing worldwide in the past decade [Reference Kaakoush1]. Importantly, estimated burden of disease is considerable, as it is estimated to cost US$1.7 billion/year in the United States alone [Reference Batz, Hoffmann and Morris3].

 Chicken consumption and handling have been identified as major risk factors for campylobacteriosis [Reference Harris, Weiss and Nolan4] as broiler chickens are frequently colonized with C. jejuni. Recent studies have also reported attributable rates for cattle in up to 19·3% of Campylobacter cases [Reference Boysen5, Reference Kittl6], suggesting that cattle serve as another important source for human infections. Indeed, raw milk and cheese have been implicated in several outbreaks [7]. Campylobacter is also widespread in the environment including water and soil, where it has been found to survive for several months [Reference Pitkänen8, Reference Jones9]. Water, especially, has been identified as an important source for Campylobacter infections and has been linked to outbreaks as well [Reference Taylor10, Reference Clark11]. Human-to-human transmission via the faecal–oral route has been reported; however, zoonotic or foodborne transmission is the predominant mode. With the high prevalence of campylobacteriosis reported throughout the world, foreign travel has also emerged as an important risk factor [Reference Kendall12].

 Seasonal variation has been described for Campylobacter infections. A significantly higher incidence of campylobacteriosis has been reported in warmer seasons in different countries and from different sources such as animals and water [Reference Rind and Pearce13, Reference Kovats14]. The reason behind this seasonality is not known, but has been suggested to be the result of multiple factors including longer survival of Campylobacter sp. in the environment, increased shedding levels in animal reservoirs [Reference Jore15], and changes in human behaviour [Reference Carrique-Mas16]. Spatial determinants such as urban vs. rural settings, have also been linked to campylobacteriosis incidence [Reference Spencer17, Reference Green, Krause and Wylie18], suggesting the need to assess environmental factors when conducting risk-factor analyses.

 In the United States, the Foodborne Diseases Active Surveillance Network (FoodNet), which monitors incidence trends of foodborne pathogens, reported an increase in the incidence of campylobacteriosis, from 12·3 cases/100 000 in 2009 to 14·2 cases/100 000 in 2012 [19]. This increasing trend may be partly due to improvements in detection methods and enhanced surveillance, although other risk factors such as geographical location are also likely to be important. Considerable variation in campylobacteriosis incidence was observed among FoodNet sites throughout the surveillance period, ranging from 7 cases/100 000 in Tennessee to 34·3 cases/100 000 in California [19]. Because no significant differences were identified for key risk factors, medical care-seeking behaviour, or medical practices between sites, it is probable that site-specific risk factors like climate or number of animal reservoirs are also contributing to the variable rates [Reference Ailes20].

 Because Michigan is not a FoodNet site, we sought to calculate the incidence of campylobacteriosis over a 10-year period using data collected via the Michigan Department of Health and Human Services (MDHHS) and identify risk factors associated with disease. We hypothesized that the incidence of Campylobacter infections has increased temporally and specific factors are associated with increasing incidence. We also investigated clinical outcomes and demographics to assess the disease burden of campylobacteriosis in Michigan and identify characteristics associated with increased risk of infection. Ongoing surveillance efforts are vital to monitor incidence trends and investigate risk factors for disease in different geographical locations in order to more effectively define preventive measures.




 METHODS

 Campylobacteriosis is a reportable disease in Michigan. A total of 7182 laboratory-confirmed cases were reported to MDHHS with an onset date between 1 January 2004 and 31 December 2013. Demographic, clinical, and epidemiological data for each case were extracted from the Michigan Disease Surveillance System (MDSS) managed by the MDHHS. Season was categorized based on the onset date and travel was considered only when the travel period was within 1 week prior to the onset of symptoms. Data involving history of food consumption and animal contact were systematically collected from 2011 and thus, only the last 3 years of data were used in the analysis. The water source at home was categorized into well, municipal, bottled and other, which included various combinations of the different sources. Data was considered missing for all variables lacking data or that were reported as ‘unknown’.

 Age-adjusted incidence rates (cases/100 000) were calculated using the Bridged-Race Population Estimates 1990–2013 dataset [21] and U.S. 2010 standard population by the U.S. Census Bureau [Reference Howden and Meyer22]. Statistical analyses were performed using SAS v. 9·3 (SAS Institute Inc., USA). Differences in the frequencies of campylobacteriosis across variables were examined using χ
2 tests; P < 0·05 was considered significant. Additional analyses were conducted to investigate the association between demographic characteristics and foreign travel history, where the prevalence ratio was compared between individuals with and without a travel history. Multivariate analyses for hospitalization and rural vs. urban residence were performed using logistic regression while adjusting for independent variables with a P value of <0·2 and biologically plausible variables that could represent confounders (e.g. age, sex). The multivariate model was constructed using a forward stepwise method with the requirement for a significance level of P⩽0·1 to remain in the model.

 A Geographical Information System (GIS) map was generated in ArcGIS v. 10·2·2 (ESRI, USA) using data from the National Center for Health Statistics (NCHS), the bridged-race population estimates, and the case numbers in this study. Based on the NCHS classification system [23], ten Michigan counties with large metropolitan areas were classified as urban, while the remaining 73 counties were defined as rural. All protocols were approved by the Institutional Review Boards at Michigan State University (IRB no. 10-736SM) and MDHHS (842-PHALAB).


 Ethical standards

 The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008.






 RESULTS

 The average age-adjusted annual incidence was 7·22 (cases)/100 000, ranging from 6·26 in 2004 to 8·35 in 2013. An increasing trend was observed over time with average incidence rates increasing from 6·58/100 000 in 2004–2006 to 7·37/100 000 in 2007–2010 and 7·65/100 000 in 2011–2013. The average annual incidence was higher for men (7·89/100 000) than women (6·56/100 000), with an incidence rate ratio of 1·2 (P < 0·01). The highest incidence rate was reported in children aged <5 years (14·86/100 000) compared to other age groups (6·76/100 000, P < 0·01). When stratified by sex, boys aged <1 year had the highest incidence (20·5/100 000), although an overall increasing trend in incidence was observed after 5–19 years, particularly for cases aged between 20–29 and >50 years (Fig. 1).
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Fig. 1. Average annual sex-specific campylobacteriosis incidence rate by age group and the trend of age-specific incidence rates by year, 2004–2013.




 Caucasians comprised 85% of the total cases in Michigan and Campylobacter incidence was significantly higher (6·51/100 000) in this group compared to Asians (4·47/100 000) and African Americans (1·56/100 000) (P < 0·05). Cases self-reporting as Asian were more likely to have a history of foreign travel [prevalence ratio (PR) 4·3], while the opposite was observed in individuals self-reporting as African American (PR 0·7) (Table 1). Travel destinations were also correlated with race, as 52·4% of Asian travellers visited Asia and 47·1% of African American travellers visited Africa. By age, individuals between 20 and 39 years were more likely to develop a Campylobacter infection following foreign travel (PR 1·6), while the opposite was observed in children aged <5 years (PR 0·3) and in the elderly (aged ⩾80 years) (PR 0·1) (Table 1).



Table 1. Demographic characteristics of Campylobacter cases in Michigan (2004–2013) by foreign-travel status
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* Only the cases with travel information (n = 6625) were included.




† Sex was unknown in seven cases.




‡ Age was unknown in two cases.









 Different seasonal trends were observed for domestic cases (n = 5795) compared to cases with a recent history of foreign travel (n = 830). Domestic cases were more common in the summer months of June and July [odds ratio (OR) 1·6, 95% confidence interval (CI) 1·3–1·9], while cases with foreign travel history were more common in January and February (OR 1·8, 95% CI 1·3–2·4). For domestic cases, the seasonality in summer (June–August) was more prominent for individuals aged 10–59 years, especially compared to the <1 year and ⩾80 years (OR 1·3, 95% CI 1·1–1·6) age groups (Fig. 2).
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Fig. 2. Seasonality of Campylobacter cases reported in Michigan by age group, 2004–2013.




 Geographical variation in the age-adjusted incidence was observed in the 83 Michigan counties (Fig. 3). Using data from the NCHS system, ten of the counties were defined as urban and the remainder were rural. The incidence was significantly higher in rural (7·78/100 000) compared to urban areas (6·70/100 000, P < 0·05). Furthermore, the incidence increased by 41·5% from 6·45/100 000 in 2004 to 9·27/100 000 in 2013 in rural cases, relative to a 26·2% increase among urban cases (6·13/100 000 in 2004 to 7·65/100 000 in 2013).
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Fig. 3. Age-adjusted incidence of Campylobacter reported in Michigan by county, 2004–2013. Based on the classification by the National Center for Health Statistics (NCHS) data system [23], ten counties, which represent large metropolitan areas, were classified as urban (red outlines) and the remaining 73 counties were classified as rural. The black circles represent the population size of each county.




 To investigate the possibility that geographical variation is linked to factors specific to rural areas, we conducted a case-case analysis between the urban and rural domestic cases. The age-specific incidence was higher for rural cases compared to urban cases, especially for groups aged 10–19 years [incidence rate ratio (IRR) 1·6], 20–39 years (IRR 1·3), and >80 years (IRR 1·3). Univariate analyses demonstrated that contact with animals (i.e. ruminants, poultry, domestic pets) was significantly more common for rural cases compared to urban cases as well as consumption of raw milk, ground meat, and frozen chicken (Table 2). The most notable difference, however, was the water source at home as rural cases were significantly more likely to drink only well water (OR 7·3, 95% CI 5·6–9·4). Multivariate logistic regression controlling for age and sex identified contact with ruminants (OR 1·6, 95% CI 1·0–2·5), consumption of ground meat (OR 1·4, 95% CI 1·1–1·7), and well water at home (OR 5·4, 95% CI 3·9–7·4) to be independently associated with Campylobacter infection in rural areas.



Table 2. Univariate and multivariate analyses of risk factors in rural cases (n = 1035) compared to urban cases (n = 880)
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 OR, Odds ratio; CI, confidence interval.




* Only the cases with onset date between 2011and 2013 (n = 1915) are included due to the high proportion of missing data in previous years.




† 95% confidence interval for odds ratio.




‡ Likelihood ratio χ
2 test.




§ Animal contact was defined as positive when there was a report of direct contact with reptiles (e.g. snake, lizards), ruminants (e.g. cattle, goats, sheep), birds (e.g. chickens, turkeys, ducks, parrots), aquatic pets (e.g. fish, turtles), domestic pets (e.g. dogs, cats) and other animals. High-risk food exposure was evaluated by consumption history of ground meat (e.g. turkey, chicken, beef, pork), chicken, (i.e. prepared at home, frozen, or at a restaurant), and unpasteurized milk or cheese within a week. Frozen chicken was defined as chicken items that are sold frozen (i.e. breaded, pre-browned, stuffed). The water source at home was categorized into well, municipal, bottled and other, which included combinations of different sources.




|| Wald confidence interval.




¶ Wald χ
2 test.









 Given the association with campylobacteriosis and ruminants, we evaluated the ecological association between animal density (i.e. cattle, chickens, goats, sheep, pigs) and disease incidence by county using data from the National Agricultural Statistics Service for 2012 [24]. Counties with <1% of the total number of each animal species in the state were classified as low-density counties, while counties with ⩾1% were classified as high density. Notably, 12 counties with the highest incidence rates of campylobacteriosis (13·6–35·1/100 000), all of which were also defined as rural areas (Fig. 3), were more likely to have a high cattle density (OR 2·5, 95% CI 2·1–2·9). No significant associations were observed for other animal species including chicken.

 Clinical outcomes also varied in cases over time; the hospitalization rate increased from 23·3% in 2004 to 29·5% in 2013. Cases aged ⩾60 years had a significantly higher likelihood of hospitalization than other age groups (OR 2·5, 95% CI 2·2–2·8), while bloody diarrhoea was more common in children aged <5 years (OR 2·5, 95% CI 2·1–2·9). Based on these prior associations, we also sought to determine whether there were differences in hospitalization status among cases in rural vs. urban areas and after stratifying by travel history. Both urban and domestic cases were more frequently hospitalized compared to rural cases and those with foreign travel history (Table 3). Multivariate analyses demonstrated that age ⩾60 years (OR 2·4, 95% CI 2·1–2·7), lack of foreign travel (OR 2·6, 95% CI 2·1–3·2), and urban residence (OR 1·2, 95% CI 1·1–1·4), were independently associated with hospitalization.



Table 3. Univariate and multivariate analyses of characteristics associated with hospitalization due to campylobacteriosis
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 OR, Odds ratio; CI, confidence interval.




* Total number differs between variables due to missing information.




† 95% confidence interval for odds ratio.




‡ Likelihood ratio χ
2 test.




§ Wald confidence interval.




|| Multivariate logistic regression.












 DISCUSSION

 This study represents the first temporal report of campylobacteriosis incidence in Michigan and highlights an increasing incidence trend in the last decade. This increase may be partly due to enhanced awareness and changes in detection practices [Reference Hurd25], although other factors are also likely to be important. When stratifying incidence by age, for example, different trends were observed. Increased incidence in cases aged between 20–29 and >50 years suggests that age-specific risk factors such as diet or other lifestyle factors, may be important for disease. Indeed, a higher attributable risk was observed for foreign travel in individuals aged between 20 and 39 years compared to other age groups, while higher disease frequencies occurred in the summer months for those aged between 10 and 59 years, especially compared to the <1 and ⩾80 years age groups. This finding suggests that seasonality could be impacted by summer-related behaviours including camping, swimming, or outdoor grilling, but also that these behaviors may be important risk factors for individuals aged between 10 and 59 years. Additional epidemiological studies are warranted, however, to fully investigate age-specific risk factors for the design of novel public health interventions.

 Other factors associated with Campylobacter seasonality may include humidity and temperature [Reference White26] as high humidity and temperature levels enhance pathogen survival and proliferation, potentially increasing the load in animal reservoirs [Reference Jones9, Reference Jore15]. Insect vectors like flies can also facilitate transmission of Campylobacter sp. between animal reservoirs, as well as to humans, when there is increased ventilation and airflow during months with warmer weather [Reference Hald27, Reference Nichols28]. In our study, only domestic cases showed a marked increase in incidence in the summer months, supporting the idea that factors important for seasonality are linked to geographical location or specific environments.

 A significant difference in Campylobacter incidence was observed by geographical location, particularly when counties were classified as urban or rural. The higher incidence observed in rural cases in this study is most likely due to more frequent contact with animals and environmental exposures such as well water. Similar findings have been reported previously, as direct contact with farm animals [Reference Kaboré29, Reference Gilpin30], swimming in lakes and rivers [Reference Dale31], and drinking untreated water [Reference Karagiannis32], were associated with a higher risk of campylobacteriosis in rural settings. The steep increasing rate observed in rural areas of Michigan is concerning and warrants a further investigation to identify the source of infection in these areas.

 Although chickens are a major reservoir for Campylobacter sp. and a prior Michigan study noted a correlation between poultry density and campylobacteriosis incidence [Reference Potter, Kaneene and Gardiner33], poultry density was not significantly associated with incidence in our study. Indeed, only four of the 83 counties were classified as having high chicken densities and one of these counties comprised 96·3% of the total layers in Michigan. Broilers were the dominant poultry type in the other three counties. The fact that poultry farming was confined to only four Michigan counties may have limited our ability to detect an association between poultry density and campylobacteriosis.

 By contrast, 30 counties were classified as high cattle counties, in which the number of dairy cows was 3·6 times higher than beef cows. Compared to another prior Michigan study conducted in 2003 [Reference Potter, Kaneene and Hall34] that reported poultry husbandry as the key risk factor for campylobacteriosis in rural residents, only ruminant contact was a risk factor in rural cases compared to urban cases in our study. Although cattle contact would be expected to be more common and frequent in rural residents, it is plausible that the elevated risk for rural cases with well water may be suggestive of faecal contamination of source waters. Of rural cases, those in counties with high cattle densities were more likely to have well water as the only water source compared to cases from low-cattle-density counties (OR 1·6, 95% CI 1·2–2·1). Nonetheless, further studies are warranted to elucidate the genetic relatedness of isolates recovered from humans and cattle as well as the environment, including private wells, to better address questions involving source attribution and transmission dynamics. Additional studies are also needed to better assess associations between disease and food handling, preparation and consumption practices. Even though we initially observed an association between disease and frozen chicken consumption in the univariate analysis for rural cases, this association was no longer significant in the multivariate analysis.

 Population distribution by race may also affect the overall incidence of Campylobacter in a given area. In this study, Caucasians had significantly higher rates relative to individuals of other races, especially African Americans, although different patterns were observed when foreign travel status was compared by race. These data suggest that risk factors may vary by race, which is similar to a prior study that reported a different level of risk for travel-related Campylobacter infections by the travel destination [Reference Mughini-Gras35]. More specifically, they observed higher levels of infection following travel to Southeast Asia (32·4%), South Asia (7·8%), Africa (4·6%), and Latin America (2·5%). Another study also observed an association between a higher socioeconomic status and a higher campylobacteriosis notification rate [Reference Bemis, Marcus and Hadler36], thereby warranting future studies aimed at examining the association between racial/ethnic background and disease while taking socioeconomic status into account as a confounding factor.

 Similar to studies conducted in Hungary [Reference Sonnevend37] and the UK [Reference Gillespie38], we observed a significant association between age and severe symptoms as children aged <5 years more frequently reported bloody diarrhoea. Since these findings are consistent across geographical locations with distinct strains in circulation, we expect that an immature intestinal mucosal immune system may contribute to more severe complications in young children [Reference Gillespie38, Reference Davies, AGM and N39] and this is not the result of ascertainment bias. Although the association with hospitalization identified in the study is important, it may represent a ‘healthy travellers effect’ [Reference Ternhag40] as limited access to medical facilities may have contributed to lower hospitalization rates in travellers and rural cases. Nonetheless, the increasing rate of hospitalization in individuals aged ⩾60 years is concerning and may be due to the increasing Campylobacter incidence in this population.

 In summary, the incidence of campylobacteriosis has increased in Michigan over time, and considerable variation was observed in the spatial distribution of cases and in factors associated with infection. Continuous monitoring of incidence is warranted, while additional studies must attempt to identify those individuals who are most susceptible to campylobacteriosis and more severe clinical outcomes. Designing target-specific preventive measures for the most susceptible population and identifying major environmental sources may be a key to decreasing infection rates and the disease burden in specific geographic locations.
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 Fig. 1. Average annual sex-specific campylobacteriosis incidence rate by age group and the trend of age-specific incidence rates by year, 2004–2013.
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 Table 1. Demographic characteristics of Campylobacter cases in Michigan (2004–2013) by foreign-travel status
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 Fig. 2. Seasonality of Campylobacter cases reported in Michigan by age group, 2004–2013.
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 Fig. 3. Age-adjusted incidence of Campylobacter reported in Michigan by county, 2004–2013. Based on the classification by the National Center for Health Statistics (NCHS) data system [23], ten counties, which represent large metropolitan areas, were classified as urban (red outlines) and the remaining 73 counties were classified as rural. The black circles represent the population size of each county.
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 Table 2. Univariate and multivariate analyses of risk factors in rural cases (n = 1035) compared to urban cases (n = 880)
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 Table 3. Univariate and multivariate analyses of characteristics associated with hospitalization due to campylobacteriosis

 

 

         



 
 [image: alt] 
 
 



 You have 
Access
 
 	13
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
13




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Koo, Hee Soo
Lee, Mi Ok
Ku, Pyeong Tae
Hwang, Su Jeong
Park, Dong Ju
and
Baik, Hyung Suk
2016.
Molecular epidemiology of norovirus in asymptomatic food handlers in Busan, Korea, and emergence of genotype GII.17.
Journal of Microbiology,
Vol. 54,
Issue. 10,
p.
686.


	CrossRef
	Google Scholar






Ravel, André
Hurst, Matt
Petrica, Nicoleta
David, Julie
Mutschall, Steven K.
Pintar, Katarina
Taboada, Eduardo N.
Pollari, Frank
and
Biggs, Patrick Jon
2017.
Source attribution of human campylobacteriosis at the point of exposure by combining comparative exposure assessment and subtype comparison based on comparative genomic fingerprinting.
PLOS ONE,
Vol. 12,
Issue. 8,
p.
e0183790.


	CrossRef
	Google Scholar






Taveirne, Michael E.
Dunham, Drew T.
Perault, Andrew
Beauchamp, Jessica M.
Huynh, Steven
Parker, Craig T.
and
DiRita, Victor J.
2017.
Complete Annotated Genome Sequences of Three Campylobacter jejuni Strains Isolated from Naturally Colonized Farm-Raised Chickens.
Genome Announcements,
Vol. 5,
Issue. 4,


	CrossRef
	Google Scholar






Cha, Wonhee
Mosci, Rebekah E.
Wengert, Samantha L.
Venegas Vargas, Cristina
Rust, Steven R.
Bartlett, Paul C.
Grooms, Daniel L.
and
Manning, Shannon D.
2017.
Comparing the Genetic Diversity and Antimicrobial Resistance Profiles of Campylobacter jejuni Recovered from Cattle and Humans.
Frontiers in Microbiology,
Vol. 8,
Issue. ,


	CrossRef
	Google Scholar






Elhadidy, Mohamed
Arguello, Hector
Álvarez-Ordóñez, Avelino
Miller, William G.
Duarte, Alexandra
Martiny, Delphine
Hallin, Marie
Vandenberg, Olivier
Dierick, Katelijne
and
Botteldoorn, Nadine
2018.
Orthogonal typing methods identify genetic diversity among Belgian Campylobacter jejuni strains isolated over a decade from poultry and cases of sporadic human illness.
International Journal of Food Microbiology,
Vol. 275,
Issue. ,
p.
66.


	CrossRef
	Google Scholar






Carev, Merica
Tonkić, Marija
and
Boban, Nataša
2018.
A six-year epidemiological surveillance study in Split-Dalmatia County, Croatia: urban versus rural differences in human campylobacteriosis incidence.
International Journal of Environmental Health Research,
Vol. 28,
Issue. 4,
p.
407.


	CrossRef
	Google Scholar






Osman, Shaibu
Togbenon, Houenafa Alain
Otoo, Dominic
and
Chuzhanova, Nadia A.
2020.
Modelling the Dynamics of Campylobacteriosis Using Nonstandard Finite Difference Approach with Optimal Control.
Computational and Mathematical Methods in Medicine,
Vol. 2020,
Issue. ,
p.
1.


	CrossRef
	Google Scholar






Murray, Rianna T.
Cruz-Cano, Raul
Nasko, Daniel
Blythe, David
Ryan, Patricia
Boyle, Michelle M.
Wilson, Sacoby M.
and
Sapkota, Amy R.
2020.
Association between private drinking water wells and the incidence of Campylobacteriosis in Maryland: An ecological analysis using Foodborne Diseases Active Surveillance Network (FoodNet) data (2007–2016).
Environmental Research,
Vol. 188,
Issue. ,
p.
109773.


	CrossRef
	Google Scholar






Hoffmann, Sandra
Ashton, Lydia
and
Ahn, Jae‐Wan
2021.
Food safety: A policy history and introduction to avenues for economic research.
Applied Economic Perspectives and Policy,
Vol. 43,
Issue. 2,
p.
680.


	CrossRef
	Google Scholar






Rodrigues, Jose A.
Cha, Wonhee
Mosci, Rebekah E.
Mukherjee, Sanjana
Newton, Duane W.
Lephart, Paul
Salimnia, Hossein
Khalife, Walid
Rudrik, James T.
and
Manning, Shannon D.
2021.
Epidemiologic Associations Vary Between Tetracycline and Fluoroquinolone Resistant Campylobacter jejuni Infections.
Frontiers in Public Health,
Vol. 9,
Issue. ,


	CrossRef
	Google Scholar






Jan, Rashid
Alharbi, Asma
Boulaaras, Salah
Alyobi, Sultan
and
Khan, Zaryab
2022.
A robust study of the transmission dynamics of zoonotic infection through non-integer derivative.
Demonstratio Mathematica,
Vol. 55,
Issue. 1,
p.
922.


	CrossRef
	Google Scholar






Dzianach, Paulina A.
Pérez-Reche, Francisco J.
Strachan, Norval J. C.
Forbes, Ken J.
and
Dykes, Gary A.
2022.
The Use of Interdisciplinary Approaches to Understand the Biology of Campylobacter jejuni.
Microorganisms,
Vol. 10,
Issue. 12,
p.
2498.


	CrossRef
	Google Scholar






Rodrigues, Jose A.
Blankenship, Heather M.
Cha, Wonhee
Mukherjee, Sanjana
Sloup, Rebekah E.
Rudrik, James T.
Soehnlen, Marty
and
Manning, Shannon D.
2023.
Pangenomic analyses of antibiotic-resistant Campylobacter jejuni reveal unique lineage distributions and epidemiological associations.
Microbial Genomics
,
Vol. 9,
Issue. 8,


	CrossRef
	Google Scholar


















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Factors associated with increasing campylobacteriosis incidence in Michigan, 2004–2013








	Volume 144, Issue 15
	
W. CHA (a1), T. HENDERSON (a2), J. COLLINS (a2) and S. D. MANNING (a1)

	DOI: https://doi.org/10.1017/S095026881600159X





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Factors associated with increasing campylobacteriosis incidence in Michigan, 2004–2013








	Volume 144, Issue 15
	
W. CHA (a1), T. HENDERSON (a2), J. COLLINS (a2) and S. D. MANNING (a1)

	DOI: https://doi.org/10.1017/S095026881600159X





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Factors associated with increasing campylobacteriosis incidence in Michigan, 2004–2013








	Volume 144, Issue 15
	
W. CHA (a1), T. HENDERSON (a2), J. COLLINS (a2) and S. D. MANNING (a1)

	DOI: https://doi.org/10.1017/S095026881600159X





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















