
ABSTRACT 

CAMPOS, ASHLEY. Effect of Therapeutic Florfenicol Treatment of Steers on the Prevalence 

and Antimicrobial Resistance of Campylobacter and the Comparison of Campylobacter Strains 

with Different Antimicrobial Resistance Profiles in Cattle Feces (Under the direction of Dr. 

Sophia Kathariou). 

 

Campylobacter is the leading causes of foodborne illness oftentimes linked to cattle. Infections 

are typically self-limiting; however, cases with prolonged symptomatology may require 

treatment with antibiotics, such as macrolides and fluoroquinolones. Antibiotics are used for a 

variety of different purposes ranging from therapeutic to preventive measures; overuse of these 

antibiotics in humans and animals may have exerted selective pressure leading to antibiotic-

resistant microbes. Cattle are frequently treated with florfenicol for therapeutic and 

metaphylactic treatment of respiratory disease. In this study, six calves were administered 

florfenicol and fecal samples were subsequently collected pre- and post- florfenicol 

administration in two independent trials, up to 38- and -40- days post-treatment. Our objective 

was to study the effect of therapeutic florfenicol treatment of steers on the prevalence and 

antimicrobial resistance of Campylobacter. C. jejuni was the most common species isolated, 

followed by C. coli, and lastly, C. hyointestinalis. Majority of the isolates were pan-sensitive 

(PS), while <30% were resistant to one or more antibiotics. A marked reduction of 

Campylobacter-positive samples was seen between 24-96 h post treatment in both trials. While 

the minimum inhibitory concentrations (MIC) values of antibiotics tested remained relatively the 

same before and after treatment for pan-sensitive strains, the MICs for nalidixic acid and 

tetracycline increased 3-fold in Trial 1 and 2-fold in Trial 2, respectively. The MIC values for 

florfenicol remained between a range of 1-2 µl before and after treatment, averaging 1.6 µl.  



Antibiotic resistance in Campylobacter is often conferred by point mutations; point mutations in 

the gyrA gene confers high resistance to fluoroquinolones and point mutations in 23S rRNA 

confers high resistance to macrolides. Resistance to antibiotics typically confer a fitness cost to 

pathogens; however, resistance to fluoroquinolones confers a fitness advantage to C. jejuni. 

Cattle have been implicated as a major reservoir and transmission vehicle for Campylobacter and 

potential dissemination of antibiotic-resistant strains. Our objective was to determine whether 

specific antibiotic resistance in Campylobacter confers a fitness advantage in cattle feces. Three 

isolates with different antibiotic resistance profiles pan-sensitive (PS) C. jejuni, tetracycline- and 

fluoroquinolone-resistant (TQ) C. jejuni, and nalidixic acid-resistant C. hyointestinalis) were 

selected and their survival in feces was measured over several time points at either 4ᵒC or 25ᵒC 

over 5 and 2 days, respectively. A pronounced difference in survival length between the 

temperatures was seen, with prolonged survival at 4ᵒC. Survival was similar between the two C. 

jejuni strains, while C. hyo had a lower survival throughout both temperatures. At 25ᵒC, both C. 

jejuni strains had similar log reduction, 0.56 for CJ TQ and 0.68 for CJ PS; however, a slight 

difference in the log reduction of the C. jejuni strains at 4ᵒC was seen, with a log reduction of 

0.034 for CJ TQ and -0.06 for CJ PS. Although the C. hyo strain declined much slower (log 

reduction of 0.11) than the C. jejuni strains at 25ᵒC, it declined much faster at 4ᵒC (log reduction 

of 0.32).  
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CHAPTER 1: Literature Review of Campylobacter 

CAMPYLOBACTER 

Campylobacter is a gram-negative, zoonotic bacterium that has been described as spiral or 

“curved rod.” They are between 0.2 to 0.9 microns wide and 0.5 to 5 microns long, have a low 

G/C content, and are highly motile (Facciola et al., 2017). Optimal growth for Campylobacter 

spp. ranges from 37°C to 42°C, the typical temperature of poultry (Epps et al., 2013, Silva et al., 

2011). They prefer low oxygen or microaerobic environments and have been known to cause 

gastroenteritis, also known as campylobacteriosis, in humans. Campylobacteriosis is 

characterized by watery or bloody diarrhea, fever, and abdominal pain (Acheson et al., 2001, 

Moore et al., 2005). Foodborne campylobacteriosis has been estimated to account for 845,024 

illnesses, 8463 hospitalizations, and 76 deaths annually and one in every 1,000 cases lead to a 

serious condition called Guillain-Barre syndrome, which causes paralysis (CDC 2019). Although 

the mortality rate of Campylobacter infections is low, this foodborne illness has been a public 

health concern due to its high morbidity rates and increasing antimicrobial resistance.  

 

C. jejuni and C. coli have been the spp. most associated with Campylobacter infections and the 

most common spp. found in cattle feces (Thomas et al., 2020). C. jejuni is a naturally competent 

species that is also highly mutable. One difference between the two species is C. jejuni’s ability 

to hydrolyze Hippurate; the enzyme hippuricase has been used to distinguish the two strains via 

PCR (Silva et al., 2011). In earlier years, the impact and number of Campylobacter infections 

were underestimated and not recognized to be a cause of human enteritis until the mid-1970s; 

however, with advanced methods of detection, Campylobacter has been deemed a major cause of 

human illness (Moore et al., 2005). Despite the importance of Campylobacter in human 
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foodborne illnesses, few studies have been conducted to understand the effects of antibiotics on 

Campylobacter in bovine feces.  

 

Antimicrobial Resistance (AMR) 

Campylobacteriosis is typically self-limiting; however, occasional use of antibiotics is required 

for prolonged symptomatology. Although fluoroquinolones or macrolides have been the most 

common antibiotics used (McCrackin 2016), tetracycline and gentamicin have also been used for 

therapeutic treatment of infections associated with Campylobacter (Silva et al., 2011, Lapierre et 

al., 2016). Aminoglycosides, including gentamicin, are typically used with systemic infections 

while tetracycline are used for more severe cases (Silva et al., 2011, Dai et al., 2020). Several 

studies have indicated concerns for increasing resistance to fluoroquinolones; thus, making 

macrolides the first-line treatment of campylobacteriosis. Fluoroquinolone-resistant 

Campylobacter has been placed amongst the high priority pathogens against which new 

antibiotics are needed (Dai et al., 2020, Tacconelli et al., 2018).  

 

Out of the CDC laboratory-confirmed Campylobacter isolates, 49% were resistant to 

tetracyclines, 22% were resistant to quinolones, and 2% were resistant to macrolides (CDC 

2019). The populations at highest risks are the young, the elderly, and the immunocompromised 

with an overall mortality rate of 0.24% of culture-confirmed cases (Dai et al., 2020, Yang et al., 

2020). Overuse of antibiotics in both humans and livestock has led to an increase in antibiotic 

resistant Campylobacter spp. (Yang et al., 2019, Sproston et al., 2018, Silva et al., 2011, Bennani 

et al., 2019). In a study by Inglis et al., their results indicated that antimicrobial administration of 

antibiotics typically used in beef production in North America, such as chlortetracycline, 

sulfamethazine, monensin, tylosin, and virginiamycin, may indeed select for antimicrobial 
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resistant Campylobacter in cattle (Inglis et al., 2005). Other studies have shown correlation 

between administration of antibiotics during production in poultry and selection for resistant 

bacteria (Smith et al., 2000). These antibiotic-resistant strains can complicate treatment of 

infections, leading to prolonged illness, increased mortality and co-morbidity rates, and increased 

hospitals costs (Silva et al., 2011, Lapierre et al., 2016, CDC 2019). The increased trend of 

antimicrobial resistance has become a forefront public health problem.  

 

Several genetic mechanisms are associated with the dissemination of antimicrobial resistance in 

Campylobacter spp. Tetracycline, kanamycin, and chloramphenicol resistance have been 

reported to be plasmid-mediated while resistance to fluoroquinolones, such as ciprofloxacin and 

nalidixic acid, or macrolides, such as erythromycin, are chromosomal (Moore et al., 2005, 

McCrackin 2016). Resistance to tetracycline in Campylobacter is conferred by mutations in the 

tet(O) gene commonly found in plasmids and can be horizontally transferred to other bacteria. 

Resistance to fluoroquinolones and macrolides are due to mutations to DNA gyrase (gyrA genes) 

and 23S rRNA, respectively (Alfredson and Korolik 2007, Wei and Kang 2018, Engberg et al., 

2001, Wieczorek and Osek 2013).  

 

The most commonly identified antimicrobial resistance in Campylobacter isolates in cattle feces 

has been resistance to tetracyclines, with records showing 38% prevalence in feedlot cattle in 

Alberta, Canada to 68% in beef and 73% in dairy cattle in the U.S. (McCrackin 2016). Although 

quinolones use in poultry in the U.S. was discontinued in 2005, according to the 2015 NARMS 

Retail Meat Annual Report, resistance to ciprofloxacin and nalidixic acid in C. jejuni strains has 

continued to increase and remain high in cattle and chicken (NARMS 2017). Resistance to 
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ciprofloxacin isolated from fecal samples of beef cattle has increased from 14.0% in 2013 to 

20.4% in 2015 (NARMS 2017). Studies have shown that simply removing antibiotics, 

particularly fluoroquinolones and macrolides, from the food animal production does not 

guarantee elimination of antimicrobial-resistant Campylobacter (McCrackin et al., 2016, Luo et 

al., 2005). Although mutations that allow resistance to macrolides are detrimental to C. jejuni, 

the same cannot be said of resistance to fluoroquinolones. Fluoroquinolones resistance confer a 

fitness advantage to Campylobacter strains; removal of these antibiotics from the environment 

has not been linked to reduction to quinolone-resistant phenotypes (Yang et al., 2019).   

 

Some studies have shown C. coli have been more likely to acquire antibiotic resistance than C. 

jejuni (Tang et al., 2017, Silva et al., 2011, Bae et al., 2005). Specifically, C. coli isolates have 

been shown to acquire resistance to macrolides, particularly erythromycin, more readily than C. 

jejuni isolates (Engberg et al., 2001, Alfredson and Korolik 2007).  

 

BOVINE PRODUCTION 

Campylobacter is common to livestock and has several routes of transmission, such as direct 

contact, consumption of raw or unpasteurized milk, and through produce and water 

contamination (Acheson et al., 2001, Wesley et al., 2000). As discussed above, although poultry 

has been the primary reservoir of Campylobacter and linked to most cases of campylobacteriosis, 

cattle have also been implicated in these infections (Lapierre et al., 2016, Moore et al., 2005, 

Silva et al., 2011). Campylobacter spp., including C. jejuni and C. coli, are often shed in cattle 

feces, posing a serious concern for human infection (Stanley and Jones 2003). Prevalence of 

Campylobacter in fecal samples from cattle has been reported to be significant, approximately 

37-55%; however, predominant species found varies among reports (McCrackin 2016, Moore et 



   

5 

 

al., 2005). Campylobacter jejuni prevalence in cattle has been shown to range between 0.8% to 

100% depending on several factors (Bailey et al., 2003). Prevalence of Campylobacter in bovine 

feces has been linked to age, seasonal temperature, and diet (Sinton et al., 2007, Stanley and 

Jones 2003). Campylobacter prevalence has been shown to be higher in warmer seasons 

compared to colder seasons (Sato et al., 2004). Younger calves are colonized more frequently 

and subsequently shed Campylobacter more frequently than older cattle; Campylobacter 

prevalence of calves up to 6 months old has been shown to be 10 to 100 times higher than those 

of adult animals (Stanley and Jones 2003). Feedlot cattle are colonized more frequently (12-

92%) than pasture beef cattle (0-52%) or dairy cattle (0-24%) (Bailey et al., 2003, McCrackin 

2016). Feedlot cattle and grazing cattle differ in their diet and lifestyle as feedlot cattle often 

have controlled watering and feeding facilities for the sole purpose of beef production while 

grazing cattle graze freely on the grass (Meat & Livestock Australia 2012).  

 

Studies have shown increased C. jejuni prevalence in dairy cattle when access to C. jejuni 

contaminated surface waters compared to access to controlled chlorinated water (Hannien et al., 

1998). Diet, feeding regimens, dietary supplements, and use of probiotics have been shown to 

play a major factor in colonization of Campylobacter in cattle (Wesley et al., 2000). Diet can 

alter gut homeostasis and potentially influence colonization of Campylobacter and the 

differences in feeding between feedlot and grazing cattle may account for the differences in 

Campylobacter prevalence. Feedlot diet include higher percentage of carbohydrates compared to 

pasture diet, which may provide a more suitable environment in the gastrointestinal tract for 

Campylobacter to survive and proliferate (Bailey et al., 2003). 
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ANTIBIOTICS USED IN BOVINE PRODUCTION 

Data on the consumption of red meats, poultry, fish, and shellfish was collected for the year 2001 

and per capita consumption was measured in pounds per capita per year. Beef, chicken, and pork 

were qualitatively ranked as the highest. Beef had a per capita consumption of 62.9, followed by 

chicken with a per capita consumption of 53.9, and lastly followed by pork with 46.7. Fish, 

shellfish, and turkey were qualitatively ranked as medium and lamb, mutton, and veal were 

qualitatively labeled as low (USFDA 2003). This apparent high consumption of beef, chicken, 

and pork suggests high concern for potential bacterial contamination. Data from national surveys 

conducted between 1992-1997 were collected representing the prevalence and subsequently 

qualitative ranking of Campylobacter contamination of different animal-derived foods. Poultry 

was ranked highest with 60-90% prevalence of Campylobacter contamination, followed by pork 

with 32% prevalence. Beef was considered to have the lowest prevalence of Campylobacter 

contamination with 0-4% prevalence (USFDA 2003).  

 

Antibiotics are administered for a variety of purposes, including for growth promotion, 

metaphylactic, prophylactic, and therapeutic purposes (Landers et al., 2012). In a 2015 summary 

report of antibiotics sold or distributed in food producing animals, tetracyclines and ionophores 

were shown to be the most commonly used antimicrobials in animals with 44% and 33% use, 

respectively (FDA 2016). In 2015, the Food and Drug Administration (FDA) changed the 

antibiotic use policy in relation to livestock production. Prior to this policy change, many 

“medically important” antibiotics, i.e., antibiotics used in human medicine, were used as growth 

promoters. Following this policy change, these “medically important” antibiotics can no longer 

be used as growth promoters but can be used for disease prevention and treatment. Additionally, 
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this policy change also requires that “medically important” antibiotics is under the direct 

supervision of a licensed veterinarian (USFDA 2009).  

 

Ionophores, used for growth promotion, and chlortetracycline, used for control and treatment of 

respiratory disease, were the antibiotics most used in the feeds of cattle feedlots, approximately 

40% of all feedlots (USDA 2019). In 2016, 87.5% of feedlots in the U.S. were giving 

antimicrobials in feed, water, or by injection for prevention, control, and treatment of disease, or 

growth promotion (USDA 2019). Once a group of animals in the population is diagnosed with an 

infection/clinical disease, the whole population may be treated with antibiotics with the intention 

of preventing the spread of the infection to the other animals in close proximity, also known as 

metaphylaxis; approximately 59.3% of feedlots use metaphylaxis (Aarestrup 2014). Smaller 

feedlots (capacity of 1,000 to 7,999 head) have been shown to have a higher chance of being 

treated for metaphylactic purposes for prevention of shipping fever (92.6%) than larger feedlots 

(capacity of 8,000 or more head) (45.0%) (USDA 2011). Antibiotics are also used in low 

concentration for growth promotion and prophylaxis. Antibiotics, such as sulfonamides, 

streptomycin, tetracycline, and penicillin were shown to have positive effects on increasing rate 

of weight gain or improved feed efficiency and were subsequently used in growth promotion 

(USDA 2019). Several routes of administration of antimicrobials are used for livestock, 

including through the feed on a continuous basis for prophylaxis, metaphylaxis, and growth-

promotion purposes (Palma et al., 2020).  
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TREATMENT OF CATTLE & OBSERVED IMPACTS ON CAMPYLOBACTER AND 

OTHER PATHOGENS 

In most animal hosts, Campylobacter exists as an intestinal commensal bacterium without 

causing clinical diseases; however, on occasion these bacteria may induce infections that lead to 

reproductive losses, such as abortions and infertility (Dai et al., 2020). Tetracycline is often used 

to control these reproductive diseases and treatment with tetracycline has been linked to the 

frequently found tetracycline-resistant bacteria (Inglis et al., 2005). Bovine respiratory disease 

(BRD) is a serious disease that has caused high morbidity and mortality in feedlot cattle. 

Fluoroquinolone antibiotics are also frequently used in veterinary medicine for treatment and 

control of infectious diseases of companion and food-producing animals (Giguere et al., 2013). 

For example, enrofloxacin and danofloxacin are approved as an injectable solution for the 

treatment and control of respiratory disease of cattle in the U.S. and many other countries. They 

are also used for metaphylactic purposes to control BRD in beef and non-lactating dairy cattle at 

high risks of developing BRD. Approximately 43% of the feedlots included in the Feedlot 2011 

NAHMS study reported therapeutic use of fluoroquinolones in approximately 42% of cattle with 

respiratory disease (USDA 2015). Substantial increase in the prevalence of fluoroquinolone 

resistance in Campylobacter isolates from cattle in the U.S. coincides with expanded use of 

fluoroquinolone antibiotics in cattle production (Tang et al., 2017).   

 

Florfenicol is a time-dependent, broad-spectrum bacteriostatic antibiotic that is active against 

many gram-negative and gram-positive bacteria (Papich 2016). It is one of the most common 

antimicrobial drugs used to treat against respiratory pathogens, such as Actinobacillus 

pleuropneumoniae, Bordetella bronchiseptica, Mannheimia haemolytica, Pasteurella multocida, 
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and Streptococcus suis (Coetzee et al., 2019, Waldner et al., 2019). Its mechanism of action 

stems from irreversibly binding to the 50S ribosomal subunit, essentially preventing protein 

synthesis (White et al., 2000, Wei et al., 2016). Florfenicol’s mode of action resembles that of 

chloramphenicol; however, it does not carry adverse side effects and risks typically associated 

with use of chloramphenicol (Papich 2013, Davis and Papich 2014). Although the risks 

associated with florfenicol is significantly lower than chloramphenicol, it has been shown that 

florfenicol can select for cross-resistance with chloramphenicol among bacterial pathogens 

(White et al., 2000). Its use has been limited to only cattle and swine in food-producing animals 

(Kehrenberg et al., 2004). Elimination of florfenicol is prolonged (18 h) after IM injection, and 

27 h after 40 mg/kg subcutaneously (Papich 2016, Lobell et al 1994).  
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CHAPTER 2: Impact of florfenicol on prevalence and antimicrobial resistance of 

Campylobacter in cattle 

ABSTRACT 

Campylobacter jejuni and Campylobacter coli are leading causes of foodborne illness, with 

cattle as a source. Antibiotic overuse in humans and animals may have exerted selective pressure 

leading to antibiotic-resistant microbes. Cattle are frequently treated with florfenicol for 

therapeutic and metaphylactic treatment of respiratory disease. Our objective was to study the 

effect of therapeutic florfenicol treatment of steers on the prevalence and antimicrobial resistance 

of Campylobacter, respectively. Campylobacter isolates (n=232) were characterized for species 

and resistance to a panel of antibiotics. Approximately 72% of isolates were pan-sensitive C. 

jejuni, followed by C. jejuni with resistance to both tetracycline and fluoroquinolone 

(TQ;~23%). The latter were only encountered post-treatment in Trial 1. C. coli with resistance to 

both tetracycline and streptomycin (TS) was only encountered on day 28 post treatment in Trial 

2. Nalidixic acid resistant C. hyointestinalis were also encountered, albeit infrequently (≤6%). A 

marked reduction of Campylobacter-positive samples was seen between 24-96 h post treatment 

in both trials. A subset of isolates was tested for minimum inhibitory concentration (MIC) to 

ciprofloxacin, tetracycline, nalidixic acid, and streptomycin, and florfenicol. While the MIC 

values of antibiotics tested remained relatively stable before and after treatment for pan-sensitive 

strains, the MICs for nalidixic acid and tetracycline increased 3-fold in Trial 1 and 2-fold in Trial 

2, respectively. The MIC values for florfenicol remained between a range of 1-2 µl before and 

after treatment, averaging 1.6 µl. Understanding the prevalence and antimicrobial resistance of 

Campylobacter in cattle in response to florfenicol treatment can increase our knowledge of 

Campylobacter in the farm ecosystem and potentially lead to enhanced intervention strategies.   



   

19 

 

INTRODUCTION 

Campylobacter is the leading zoonotic organism for human foodborne illness. It is common to 

livestock and has several routes of transmission to humans, such as direct contact, consumption 

of raw or unpasteurized milk, and through produce and water contamination (Acheson et al., 

2001, Wesley et al., 2000). Although poultry has been the primary reservoir of Campylobacter 

and linked to most cases of campylobacteriosis, cattle have also been implicated in these 

infections (Lapierre et al., 2016, Moore et al., 2005). Campylobacter spp., including C. jejuni and 

C. coli, are often shed in cattle feces, and may contribute to the high prevalence of 

campylobacteriosis especially in or around farm areas. (Wesley et al., 2000, Tang et al., 2017, 

Bae et al., 2005, Lapierre et al., 2016). The incidence of Campylobacter infection has increased 

in the U.S., affecting millions of citizens, and leading to increased direct medical costs every 

year (CDC, Foodnet). 

 

Although campylobacteriosis is a self-limited infection, occasional use of antibiotics is required 

for prolonged symptomology; fluoroquinolones or macrolides have been the most common 

antibiotics used (McCrackin 2016, Alfredson and Korolik 2009). Resistance to fluoroquinolones 

is caused by a spontaneous point mutation in gyrA, which reduces the affinity of the 

fluoroquinolone for its target, the essential bacterial enzymes DNA gyrase, lessening its 

effectiveness and therefore- contributing to the increasing frequency of Campylobacter 

resistance to fluoroquinolones, especially resistance to ciprofloxacin (Yang et al., 2019). Drug-

resistant Campylobacter is listed as a serious threat by the CDC and the increasing trend of 

antimicrobial resistance has become a forefront public health problem. 
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Increases in antibiotic-resistant Campylobacter may be connected to overuse of antibiotics in 

both clinical and agricultural environments (Yang et al., 2019, Sproston et al 2018). Antibiotics 

are widely used in the cattle industry for a variety of metaphylactic, prophylactic, and therapeutic 

purposes; however, most often, these approaches are used concurrently. For example, 

approximately one sixth of all lactating dairy cows receive therapeutic antibiotics for treatment 

of mastitis and one sixth of all beef calves entering feedlots in the U.S receive therapeutic 

antibiotics for treatment of respiratory disease. These populations also receive prophylactic 

antibiotic doses to prevent and control future mastitis and anticipated outbreaks of respiratory 

disease (Landers et al., 2012, Holman et al., 2019). Additionally, many healthy livestock 

populations in close vicinity of animals showing clinical symptoms are also treated with 

antibiotics to prevent spread of infection, also known as metaphylactic treatment (Aarestrup 

2014, Ball et al., 2019).  

 

Bovine Respiratory Disease (BRD) is a major disease that affects cattle leading to a significant 

economic cost to the beef industry. Several antimicrobials are used to control and treat BRD and 

other respiratory diseases in cattle. Florfenicol is a time-dependent bacteriostatic antibiotic that is 

a derivative of thiamphenicol. It is one of the most common antimicrobial drugs used to treat 

respiratory diseases (Coetzee, et al., 2019, Waldner et al., 2019).  

 

Despite the importance of Campylobacter in human foodborne illnesses, few studies have been 

conducted to understand the impact of therapeutic drug exposure of cattle to Campylobacter 

prevalence, species, and antimicrobial resistance (AMR) profiles. In one study by Inglis et al., 

subtherapeutic administration of tetracycline to feedlot cattle, alone and in combination with 
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sulfamethazine, indeed appeared to select for Campylobacter resistant to tetracycline and some 

limited resistance to erythromycin, ampicillin, and ciprofloxacin (Inglis et al., 2005). A major 

objective of the current study was to determine the prevalence of Campylobacter in steers and 

estimate how the antimicrobial resistance of Campylobacter may be affected by florfenicol 

treatment of the animals. To address this objective, two trials were completed, six calves were 

administered florfenicol in each trial, and Campylobacter prevalence and AMR were monitored 

over 912-960 h (38-40 D) post-treatment.  

 

METHODS 

Animals, treatments, and sample collection 

Two trials were completed over 912 (38 D) and 960 h (40 D), respectively. Trial 1 started on 

5/20/2019 and ended on 6/29/2019, while Trial 2 began approximately one week later 7/05/2019 

and ended on 8/19/2019. In each trial, six steers 5-6 months of age with a weight of 153-251 kg 

were given two different doses of florfenicol (Figure 1-1). All animals came from the same farm 

and were removed from their farm of origin to an indoor facility at NC State Veterinary school. 

In each trial, three steers were injected subcutaneously once with a high dose of florfenicol 

(40mg/kg), while the other three were injected intramuscularly twice with a low dose of 

florfenicol (20mg/kg), once at 0 h (first dose) and once at 48 h (second dose). One steer from 

each treatment group was housed together with one steer from the other treatment group to avoid 

animal-to-animal variation in gut microbiome community as described (D. Foster personal 

communication). The steers were housed in pairs in separate stalls and isolated from all other 

animals during duration of the study. 
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In Trial 1, pre-treatment (pre-T) samples were taken at 48 h and 24 h prior to treatment, as well 

as immediately prior to administration of the antibiotic (time 0 h), with a total of 18 fecal 

samples in the pre-T group. During the post-treatment (post-T) period, fecal samples were taken 

every 12 h between 12 h and 96 h, with a total of 36 samples, with additional samples collected 

at subsequent time points, up to 912 h (38 D) post-T, with a total of 16 post-T samples (Table 1-

1). In Trial 2, fecal samples labeled as Pre-T were taken at “pre 0 h” and 0 h, with a total of 12 

fecal samples collected. Post-treatment samples were collected at the same time as in Trial 1 with 

the exception that the last sample was collected at 960 h (40 D) post-T (Table 1).  

All cattle were housed in the same barn, and under the same care and management conditions. 

Approximately 150g of fecal material was collected from the rectum of each steer by using a 

gloved hand and the samples placed in separate prelabeled sterile bags. All samples were placed 

in coolers on ice, transported to the laboratory and stored at 4ᵒC until processing, typically within 

2-24 h.  

 

Campylobacter isolation 

Campylobacter was isolated by selective enrichment as described (Ghasrst et al., 2006). At each 

time point, the six samples were homogenized into a composite and 0.1g of the composite was 

placed into two 2-mL tubes of Bolton broth with supplements and lysed horse blood (Figure 2A). 

Thus, at each time point, two separate subsamples from the composited material were processed 

in parallel. The two enrichment tubes were incubated in anaerobic jars containing Campy 

GasPaks (Becton, Dickinson and Co.) at 37ᵒC for 24 h. Following the 24 h incubation, 150 µL of 

the suspension was serially diluted in Mueller Hinton Broth (MHB) (Becton, Dickinson and Co.) 

and 50 µl of appropriate dilutions (0, 10-2, 10-4) were spread-plated on modified charcoal-
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cefoperazone agar (mCCDA) with the corresponding supplement (Oxoid, Ogdensburg, NY) and 

incubated microaerobically at 42ᵒC for 48 h (Figure 2B). Following 48h incubation, 3-4 positive 

colonies per sample were purified on Mueller Hinton Agar (MHA) (Becton, Dickinson and Co.) 

agar and incubated at 42ᵒC for 24 h (Figure 2C). Colonies were then characterized for species 

identification via PCR with hip and ceu primers for C. jejuni and C. coli, respectively, and 

preserved at -80ᵒC in brain heart infusion broth with 20% sterile glycerol, as described (Smith et 

al 2004). Non-C. jejuni and non-C. Coli isolates were tested for C. fetus targeting 23S rRNA via 

PCR. One unknown isolate was sent off for sequencing and confirmed to be C. hyointestinalis. 

The detection limit (in CFU/g) for Campylobacter used in this method is based on the 

assumption that if there was one CFU in the sample analyzed, we would get a positive culture by 

enrichment.  

 

AMR/MIC testing 

Isolates were tested as described (Good et al., 2019) for susceptibility to a panel of antibiotics, 

tetracycline (T), streptomycin (S), erythromycin (E), kanamycin (K), gentamicin (G) and the 

(fluoro)quinolones, nalidixic acid and ciprofloxacin (Q) (Figure 2C). A subset of isolates was 

tested for susceptibility to chloramphenicol (Cm). The pan-sensitive strain C. jejuni ATCC 

33560 was included as quality control in each test. A panel of isolates from both trials was tested 

for minimum inhibitory concentrations (MICs) to florfenicol, ciprofloxacin, tetracycline, 

nalidixic acid, and streptomycin. MIC testing strips were obtained from Liofilchem (Waltham, 

MA) and MIC testing was done as per vendor recommendations. According to NARMS, the 

resistance breakpoints for florfenicol, ciprofloxacin, tetracycline, and nalidixic acid were ≥8 

µg/ml, ≥1 µg/ml, ≥2 µg/ml, ≥32 µg, respectively (NARMS 2006). The resistance breakpoint for 
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streptomycin was ≥32 µg/ml, as described (Heuer et al 2008) (Table 2). The concentrations of 

nalidixic acid, tetracycline, and florfenicol, in the MIC strips ranged from 0.064-256 µg/ml, 

except for ciprofloxacin (.002-32 µg/ml) and streptomycin (0.064-1024 µg/ml). The plates were 

incubated at 42°C for 48 h under microaerobic conditions and the MIC was defined as the lowest 

concentration of an antimicrobial agent that inhibited growth on the plates.  

 

RESULTS 

Florfenicol treatment was accompanied by pronounced but transient reduction of 

Campylobacter prevalence  

Two subsamples were collected per time point, leading to 32 and 30 analyzed samples in Trial 1 

and Trial 2, respectively. Approximately 61.3% (n=38/62) of those subsamples were positive for 

Campylobacter (isolates from this study are listed in Table S1 which will be available for 

download directly beneath ETD PDF). In Trial 1, all fecal samples were positive before 

treatment and for the first 24 h after treatment. However, starting at 36 h post-treatment and until 

the 96 h timepoint, a significant drop in positive Campylobacter-positive samples was noted 

(Fig. 3). Campylobacter could be recovered again after 96 h, with all samples remaining positive 

until the last time point at 912 h (38 D) (Fig. 3). Similar trends were noted in Trial 2, with 

marked reduction in Campylobacter-positive samples between 24 h and 96 h and Campylobacter 

recovery resuming thereafter (Fig. 3). 
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Changes in AMR profiles could be noted post-treatment upon resumption of 

Campylobacter-positive status 

The majority (12/15, 80%) of the pre-T isolates in Trial 1were pan-sensitive (PS) C. jejuni 

except for 0 h, for which all 3 isolates were resistant to nalidixic acid (NalR) and were putative C. 

hyointestinalis. C. hyointestinalis was not encountered after treatment. One putative C. 

hyointestinalis isolate was sent off for sequencing and confirmed to be C. hyointestinalis; 

therefore, we concluded the other 2 isolates in the same timepoint with similar antimicrobial 

resistance profiles were putative C. hyointestinalis. All 22 pre-T isolates in Trial 2 were PS C. 

jejuni. Immediately after treatment (12-36 h), all isolates in both trials (20 isolates in Trial 1 and 

19 in Trial 2) were PS C. jejuni. However, upon resumption of Campylobacter-positive samples 

in Trial 1, and starting at 144 h post-T, the proportion of PS isolates was reduced while isolates 

with resistance to tetracycline, nalidixic acid, and ciprofloxacin (TQ) constituted the majority, 

accounting for 63% and 60% of the isolates at 120-168 h and at 336-912 h (14-38D) (Fig. 4). All 

pre-T isolates in Trial 2 were PS C. jejuni. Upon resumption of Campylobacter-positive samples, 

the isolates were again PS C. jejuni for the first 504 h (21 D). However, C. coli resistant to both 

tetracycline and streptomycin (TS) appeared suddenly in Trial 2 at 672 h (28 D). TS C. coli was 

only encountered at this single time point, with all isolates in the last timepoint at 960 h (40 D) 

being PS C. jejuni (Fig. 4). Testing of 11 C. jejuni isolates (5 from Trial 1 and 6 from Trial 2) for 

resistance to chloramphenicol failed to identify any that were resistant to this antibiotic. TS C. 

coli (one tested isolate) also lacked resistance to this antibiotic.  
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Treatment was not accompanied by changes in florfenicol MIC 

Susceptibility to florfenicol was assessed by MIC testing of 16 isolates in Trial 1 (3 pre-T and 13 

post-T) and 11 (2 pre-T and 9 post-T) isolates in Trial 2. Of these tested isolates, 7 isolates (4 in 

Trial 1 and 3 in Trial 2) were tested for chloramphenicol resistance. In addition, ciprofloxacin, 

tetracycline, nalidixic acid, and streptomycin MIC was tested for selected isolates, including 13 

in Trial 1 and 7 in Trial 2. In Trial 1, the average MIC values for ciprofloxacin, tetracycline, and 

florfenicol were similar before and after treatment for pan-sensitive strains, but the average 

nalidixic acid MIC increased 3-fold post-T (Table 3). In Trial 2, concurrently, the average MIC 

values for ciprofloxacin, nalidixic, and florfenicol were similar before and after treatment for 

pan-sensitive strains, while the average tetracycline MIC increased 2-fold after treatment. The 

MICs for the C. jejuni PS isolates consistently remained below the threshold for resistance in 

both trials. As anticipated, the tetracycline MICs for C. jejuni TQ and C. coli TS strains 

encountered post-T were high (between 24-64 µg/ml and >256 µg/ml, respectively). Of the five 

C. jejuni TQ isolates tested for MIC to tetracycline in Trial 1, one had a MIC of 24 µg/ml, two 

had a MIC of 48 µg/ml, and one had a MIC of 64 µg/ml. (Table S1). Similarly, streptomycin 

MIC for C. coli TS isolates were >128 µg/ml (Table 3). In agreement with their designation as 

fluoroquinolone resistant, ciprofloxacin and nalidixic acid MIC values for C. jejuni TQ isolates 

ranged between 6-8 µg/ml and >256 µg/ml, respectively. The tetracycline, nalidixic acid, and 

ciprofloxacin MIC results of one of the TQ tested isolates gave inconsistent results. Florfenicol 

MICs remained similar pre- and post-treatment, with a range between 1-2 µg/ml and averaging 

1.6 µg/ml in both trials (Table 3 and Table S1).  
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DISCUSSION 

Significant reduction in Campylobacter positive samples was noted between 36-96 h in Trial 1 

and between 24-96 h in Trial 2. Knowing the pharmacokinetics of florfenicol, this would fit with 

when you would expect peak drug concentrations to be found in these steers. Elimination of 

florfenicol is prolonged (18 h) after IM injection, and 27 h after 40 mg/kg subcutaneously 

(Papich 2016, Lobell et al., 1994). Gut lumen half-life is not known.  

The overall prevalence of Campylobacter spp. in fecal samples of apparently healthy cattle was 

64.5% (n=40/62). This is almost twice as high as findings in other similar studies reported on the 

prevalence level of Campylobacter spp. in cattle from different countries, including Malaysia 

(33%) (Premarathne et al., 2017), Japan (39.6%) (Haruna et al., 2013), and Chile (35.9%) 

(Fernandez and Hitschfeld 2009). Studies in the U.S. found only 19.2% Campylobacter 

prevalence levels in samples collected from feedlot, mature cows, and bulls (Sanad et al., 2011). 

However, other studies have showed different prevalence of Campylobacter in the U.S.; Sato et 

al., isolated Campylobacter from 27.9% of the fecal samples collected in dairy herds; while 

Gharst et al., reported Campylobacter recovery of 23.4% from feces of mature cattle at slaughter 

(Sato et al., 2004, Gharst et al., 2006). This apparent difference in our values could be due to the 

low sample size in this study and overall design of the study. Although 40/62 pooled samples 

were positive, only one animal at each time point may have been positive. Combining/pooling 

the samples together may have attributed to the high prevalence. Additionally, the differences in 

the prevalence of cattle-associated Campylobacter can also be associated with other factors, 

including but not limited to, animal type (dairy versus feedlot), age, seasonal variations, 

geographic location, and methods of isolation.  
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C. jejuni was the most frequent (94.3%) species in the current study, followed by C. coli (4.3%) 

and C. hyointestinalis (2%). The latter was resistant only to nalidixic acid and briefly seen only 

in pre-treatment samples from Trial 1. This is congruent with many studies, showing a preferred 

prevalence of C. jejuni over C. coli in cattle (Karama et al., 2020, Premarathne et al., 2017, Cha 

et al., 2017, Kashoma et al., 2015). The percentage of C. jejuni versus C. coli differs from study 

to study possibly due to differences in farming practices, geographic locations, farm location and 

proximity to other livestock such as poultry. Additionally, season has been shown to affect C. 

jejuni prevalence in cattle, with higher peaks in warmer months (Cha et al., 2017, Grove-White 

et al., 2010). Since sampling occurred during the summer, it is possible the higher temperatures 

contributed to the high prevalence of C. jejuni. Additionally, by using a higher temperature, we 

are preferentially recovering C. jejuni and C. coli as C. fetus grows better at 37°C.  

Antimicrobial resistance profiling revealed that 28.4% (66/232) of Campylobacter isolates were 

resistant to one or more antimicrobial agents. Multidrug resistance (resistance to two or more 

antimicrobial classes) was recorded in 27% (63/232) of isolates, including C. jejuni TQ and C. 

coli TS, encountered exclusively post-T in Trial 1 and Trial 2, respectively. This is congruent 

with several studies showing similar proportions of multi-resistant Campylobacter isolates 

recovered from cattle fecal samples (Karama et al., 2020, McCrackin 2016). The antimicrobial 

resistance in the study of Englen et al. showed 60% were resistant to one or more antimicrobials, 

while 19.6% were resistant to two or more antimicrobials (Englen et al., 2005). This apparent 

discrepancy may be due to the number of antimicrobials tested. Our study tested against 8 

antibiotics while Englen et al. tested against 12 antibiotics. Of the 28.4% drug resistant 

Campylobacter isolates, 27% shared resistance to tetracycline. This is lower than the studies of 

Sanad et al. in which 47.7% and 49.1% of C. jejuni isolated from dairy and feedlot cattle, 
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respectively, were resistant to tetracycline (Sanad et al., 2011). Englen et al. also showed similar 

resistance levels to tetracycline in dairy (47.4%) and feedlot cattle (49.1%) (Englen et al., 2006, 

Englen et al., 2005).  

 

An estimated 22.8% of the C. jejuni isolates, all encountered from trial post-T, were 

ciprofloxacin- and nalidixic acid- resistant. Sanad et al. reported similar prevalence of 

ciprofloxacin-resistant C. jejuni strains (23.7%) (Sanad et al., 2011). However, Englen et al. 

found nalidixic acid and ciprofloxacin resistance at much lower prevalence among C. jejuni from 

feedlot cattle; at 10.2% and 1.8%, respectively (Englen et al., 2005). Campylobacter coli was 

only detected at one time point in the current study, and all the isolates were resistant to both 

tetracycline and streptomycin. Significantly higher prevalence of resistance to tetracycline 

(65.7%) was reported by others (Englen et al., 2005). The resistance of nalidixic acid observed in 

these studies is intriguing, as this antimicrobial is not used clinically on cattle. Tetracyclines are 

the most common medically important antimicrobial used in cattle and are used for prevention, 

control, and therapeutic treatment; therefore, it is concerning to see the percentage of isolates 

resistant to tetracycline in the trials. Administration of florfenicol may have changed the 

dynamics of the microbiota of the steers leading to the original pan-sensitive strain to appear 

after Campylobacter presence resumed and later allowing the TQ strain to become more 

noticeable in the late stages. Resistance to tetracycline is found on the plasmid while resistance 

to nalidixic acid is caused by a point mutation. These two different antibiotic resistance profiles 

indicate two events must be happening to get resistance to TQ. Generally, one would not expect 

to get multidrug resistance on a plasmid. However, once drug concentrations get below 

minimum inhibitory concentration (after 96 h), it may be putting stress on the Campylobacter 
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organisms, perhaps leading to an SOS response that increases their mutations frequency, possibly 

increasing their competency.  

 

Resistance against ciprofloxacin is of clinical significance because this antimicrobial is used to 

treat human campylobacteriosis. Studies in the U.S. have indicated rising fluoroquinolone 

resistance in Campylobacter, specifically to ciprofloxacin (Tang et al., 2017, Yang et al., 2019). 

A study in Southwestern Alberta, Canada have shown an increasing resistance to ciprofloxacin 

since 2004 with a peak resistance rate of 30% in 2016 (Inglis et al., 2020). The observed lack of 

resistance to erythromycin, gentamicin, and kanamycin was not surprising. Prevalence of 

resistance to macrolides is approximately 10,000-fold lower than that of fluoroquinolone 

resistance (Yang et al., 2019, Wieczorek and Osek 2013). This can explain why we did not see 

resistance to erythromycin and potentially confirms macrolides as the treatment of choice for 

campylobacteriosis in the U.S as these Campylobacter isolates would be susceptible to this drug.  

Susceptibility to florfenicol was assessed by MIC testing of 27 isolates (16 in Trial 1 and 11 in 

Trial 2); of those 27 isolates, only 7 isolates (4 in Trial 1 and 3 in Trial 2) were tested for 

chloramphenicol resistance. Florfenicol MIC was below threshold (averaging 1.6 µg/ml) and no 

isolates were found to be chloramphenicol resistant. No difference in florfenicol MIC was found 

between pre- or post-treatment, ranging between 1-2 µg/ml. Despite potential selective pressure 

by florfenicol administration, no resistance to chloramphenicol was seen in either study. 

Although chloramphenicol was banned in the U.S. many years ago, florfenicol is still often used 

for treatment of respiratory disease in feedlot cattle (Coetzee, et al., 2019, Waldner et al., 2019). 

Resistance to chloramphenicol in Campylobacter typically confers cross-resistance to florfenicol 

by specific resistance genes, such as floR (Ma et al., 2004), and none of the tested isolates were 
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chloramphenicol- or florfenicol-resistant. Co-selection of resistance when florfenicol is used has 

never been addressed very well. One of the unfortunate byproducts of administration of 

antibiotics is co-selection. One would expect selection for florfenicol resistant strains, along with 

resistance to nalidixic acid or a different antibiotic. However, although the MIC of florfenicol did 

not change, nonetheless we still selected for resistant isolates. Perhaps, combining/pooling 

samples together may have influenced the findings of this study as perhaps only one steer could 

have been harboring this resistant isolate.  

Overall, the MIC values of antibiotics tested for both trials stayed relatively the same before and 

after treatment for pan-sensitive strains, except that the nalidixic acid MIC increased 3-fold in 

Trial 1 and tetracycline MIC increased 2-fold in Trial 2. Resistance to fluoroquinolones is the 

result of a single point mutation in the gyrA gene and evidence has shown mutation frequency to 

fluoroquinolone resistance is high (Yan et al., 2006, Yang et al., 2019). Appearance of random 

mutations may have been selectively pressured by the presence of florfenicol. As time passed in 

the post-treatment group, these nalidixic acid resistant mutants may have continued to multiply, 

thus increasing the MIC 3-fold. This is also indicative of the fact we started seeing frequent 

appearance of C. jejuni TQ isolates in the late post-T period in Trial 1. Resistance to tetracycline 

is conferred by the tet(O) gene frequently located on plasmids and in the presence of 

antimicrobial selection, conjugation plays a major role in the transfer of this plasmid-mediated 

resistance (Wieczorek and Osek 2013). The high prevalence of conjugative tet(O) plasmids and 

the selective pressure of antimicrobials may have contributed to the high number of tetracycline 

resistant isolates found in these trials and potentially explain the 2-fold increase in MIC of 

tetracycline in PS C. jejuni isolates post-T in Trial 2. The 2-fold and 3-fold increase in MIC of 

nalidixic acid and tetracycline, respectively, indicates there must be other mechanisms at play, 
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for example antimicrobial pumps may be one. Nonspecific mechanisms may be upregulated in 

response to stress. Some examples may include CME, Campylobacter multidrug resistant pump. 

To determine if different mechanisms are at play, sequencing the different strains and comparing 

known sequences of C. jejuni could prove beneficial. This would help identify if the strain seen 

in this study has a known resistance mutation that may be associated with an efflux pump or 

some other antibiotic resistance mechanism. Other than sequencing, gel electrophoresis or PCR 

digestion profiles could be used to differentiate between strains.  

Of note, the one isolate in trial 1 with the phenotype TQ was based on the standard tests (MHA 

growth at 32 ug/ml Nal and MHA growth at 1ug/ml Cip) but could not be confirmed with the 

strips. MIC testing of this TQ isolate provided confusing data, with values below the resistance 

threshold according to NARMS resistance breakpoints. Testing showed resistance to tetracycline 

and ciprofloxacin, but sensitivity to nalidixic acid; upon retesting of the TQ isolate, results 

showed sensitivity to ciprofloxacin, but resistance to nalidixic acid. The reasons behind these 

contradictory results are currently unknown; more testing will need to be completed to confirm.   
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TABLES/FIGURES 

Table 1-1. Sample collection employed in this study within two separate trials  

Time related to 

treatment 

Trial 1 (samples, isolates) Trial 2 (samples, isolates) 

Pre-Treatment -2d, -1d, 0 h P 

(2, 6), (2, 6), (2, 3) 

Pre 0 h, 0 h  

(2, 12), (2, 10) 

Post-Treatment 12-24h 

(3, 20) 

12-36h 

(3, 19) 

 
120-168h, samples each 24 h  

(5, 30) 

120-170h, samples each 24 h 

(6, 36) 

 
14 d-28 d, samples each 7 d 

(6, 44) 

14-28d, samples each 7 d 

(4, 28) 

 
38 d 

(2, 12) 

40 d 

(1, 6) 

Total (22, 121) (18, 111) 
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Table 1-2. Resistance and susceptibility breakpoints according to NARMS. [NARMS] National 

Antimicrobial Resistance Monitoring System. NARMS 2006 executive report. Laurel, MD: U.S. 

Department of Health and Human Services, 2006. 

 

 

 

 

 

Antimicrobial 

Agent 

Tentative 

breakpoint 

(µg/ml) for 

resistance of 

Campylobacter 

spp. 

Tentative 

breakpoint 

(µg/ml) for 

susceptibility 

of 

Campylobacter 

spp. 

MIC 

range 

(µg/ml) 

MIC 

range for 

PS 

isolates 

(µg/ml) 

MIC 

range for 

resistant 

isolates 

(µg/ml) 

Ciprofloxacin ≥1 ≤0.5 0.002-32 0.064-.25 6-8 

Tetracycline ≥2 ≤1 0.016-256 0.047-.25 24-256 

Nalidixic acid ≥32 ≤16 0.016-256 2-16 0-64 

Florfenicol ≥8 ≤4 0.016-256 1-2 1.5-2 

Streptomycin  ≥32 ≤16 2-128 N/A >128 
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Table 1-3. Average, range, and median minimum inhibitory concentration (MIC) in µg/ml of the 

antibiotics tested for pan-sensitive and resistant strains  

Trial 1 Ciprofloxacin 

average 

(range; 

median) 

(µg/ml) 

Tetracycline 

average 

(range; 

median) 

(µg/ml) 

Nalidixic 

acid 

average 

(range; 

median) 

(µg/ml) 

Florfenicol 

average 

(range; 

median) 

(µg/ml) 

Streptomycin 

average 

(range; 

median) 

(µg/ml) 

PS C. 

jejuni  

pre-T 

.094 .19  2 1.5 (.75-2;1) 
 

PS C. 

jejuni 

post-T 

.088 (.032-

.125; .079) 

.15 (.047-.25; 

.125) 

6.25 (1.5-

12; 4.5) 

1.65 (1.5-

2;1.5) 

 

TQ C. 

jejuni 

post-T 

6.8 (6-8; 7) 46 (24-64; 

48) 

>256  1.7 (1.5-

2;1.5) 
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Table 1-3 (Continued). 

 

Trial 2 Ciprofloxacin 

average 

(range; 

median) 

(µg/ml) 

Tetracycline 

average 

(range; 

median) 

(µg/ml) 

Nalidixic 

acid 

average 

(range; 

median) 

(µg/ml) 

Florfenicol 

average 

(range; 

median) 

(µg/ml) 

Streptomycin 

average 

(range; 

median) 

(µg/ml) 

PS C. 

jejuni  

pre-T 

.16 (.064-.25; 

.157) 

.094 7 (6-8; 7) 1.5 (1.5-

2;1.75) 

 

 

PS C. 

jejuni 

post-T 

.13 (.094-.19; 

.125) 

.19 (.125-.25; 

0.19) 

6.25 (2-

16; 3.5) 

1.6 (1-3;1.5) 
 

TS C. coli 

post-T 

 
>256 

 
1.5 >128 
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Figure 1-1. Schematic diagram of the administration of florfenicol in cattle. Six steers 5-6 

months of age with a weight of 153-251 kg were given two different doses of florfenicol. Three 

steers were injected subcutaneously once with a high dose of florfenicol (40mg/kg), while the 

other three were injected intramuscularly twice with a low dose of florfenicol (20mg/kg), once at 

0 h and once at 48 h. One steer from each treatment group was housed together with one steer 

from the other treatment group.  
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Figure 2-1. Isolation and characterization of Campylobacter from bovine feces. 150g of feces 

were collected from six different calves. Approximately 3g per feces were homogenized into a 

composite and 0.1g of the composite was placed into two 2-mL tubes of Bolton broth with 

supplements and lysed horse blood. At each time point, two separate subsamples from the 

composited material were processed in parallel and the two enrichment tubes were incubated in 

anaerobic jars containing Campy GasPaks at 37ᵒC for 24 h (A). Approximately 150 µl of 

overnight cultures were serially diluted into Mueller Hinton Broth (MHB) to 10-4 and 50 µl of 

appropriate dilutions (0, 10-2, 10-4) were spread-plated on modified charcoal-cefoperazone agar 

(mCCDA) with the corresponding supplement and incubated microaerobically at 42ᵒC for 48 h 

(B). Following 48h incubation, 3-4 positive colonies per sample were purified on Mueller Hinton 

Agar (MHA) agar and incubated at 42ᵒC for 24 h. Colonies were then characterized for species 

identification via PCR with hip and ceu primers for C. jejuni and C. coli, respectively. Non-C. 

jejuni and non-C. Coli isolates were tested for C. fetus targeting 23S rRNA. Colonies were also 

tested against eight antibiotics, chloramphenicol, tetracycline, streptomycin, nalidixic acid, 

gentamicin, ciprofloxacin, erythromycin, and kanamycin. Colonies were later preserved at -80ᵒC 

in brain heart infusion broth with 20% sterile glycerol (C). 
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(A) 

 

(B) 
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Figure 3-1. Prevalence of Campylobacter-positive samples in Trial 1 (A) and Trial 2 (B). 

Subsamples positive for Campylobacter is shown in percentage throughout both trials over 912 h 

for Trial 1 and 960 h in Trial 2. Pronounced transient reduction of positive Campylobacter 

subsamples are shown between 24 h to 96 h, with resumption of positive Campylobacter 

subsamples after 120 h. 
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Figure 3-2. Percentage of Campylobacter species antimicrobial resistance (AMR) profiles in 

Trial 1 over 912 h (A) and Trial 2 over 960 h (B). Blue lines represent pan-sensitive C. jejuni (PS 

C. jejuni), orange lines represent nalidixic acid resistant C. hyointestinalis (NalR C. hyo), grey 

lines represent C. jejuni resistant to nalidixic acid, tetracycline, and ciprofloxacin (TQ C. jejuni), 

and green lines represent C. coli resistant to tetracycline and streptomycin (TS C. coli). 
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CHAPTER 3: Comparison of Campylobacter strains with different antimicrobial resistance 

profiles in cattle feces 

ABSTRACT 

Campylobacter is a leading foodborne pathogen responsible for the diarrheal illness 

campylobacteriosis. Antibiotic resistance in Campylobacter is often conferred by point 

mutations; point mutations in the gyrA gene confers high resistance to fluoroquinolones and 

point mutations in 23S rRNA confers high resistance to macrolides. These point mutations are 

naturally selected for by the environment; antibiotic selective pressure has been shown to select 

for fluoroquinolone resistance. Additionally, resistance to fluoroquinolones confers a fitness 

advantage to C. jejuni. Our objective was to determine whether specific antibiotic resistance in 

Campylobacter confers a fitness advantage in cattle feces. Three isolates with different antibiotic 

resistance profiles (pan-sensitive (PS) C. jejuni, tetracycline- and fluoroquinolone-resistant (TQ) 

C. jejuni, and nalidixic acid-resistant C. hyointestinalis) were selected and their survival in feces 

was measured over several time points at either 4ᵒC or 25ᵒC over 5 and 2 days, respectively. 

Survival length differed between temperatures, with a significantly prolonged survival at 4ᵒC 

over 25ᵒC. At 25ᵒC, the C. jejuni strains declined at a similar rate, while the C. hyointestinalis (C. 

hyo) declined much slower than the other strains. At 4ᵒC, C. hyo declined much faster than the C. 

jejuni strains. Overall, C. hyo had a lower survival than the C. jejuni strains at both temperatures. 

Temperature at 4ᵒC had more variation in reduction rates between all three strains compared to 

those at 25ᵒC. Understanding whether a correlation between antimicrobial resistance profiles and 

survival of Campylobacter in transmission-vehicles, such as feces, exists can potentially help 

prevent dissemination of Campylobacter.   
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INTRODUCTION 

Campylobacter is a zoonotic organism that has become the leading cause of the foodborne illness 

campylobacteriosis. Campylobacter colonizes avian species, such as chickens and turkeys, and 

livestock, such as pigs, sheep, and cattle. This colonization capacity provides a zoonotic route 

among different animal species and increases the chances of the spread of Campylobacter from 

farm to farm and from animals to humans (Soro et al., 2020). Poultry is the considered the 

primary reservoir for Campylobacter and the main food vehicle for campylobacteriosis. 

However, cattle have also been implicated as a major reservoir and transmission vehicle for 

Campylobacter (Silva et al., 2011, Sanad et al., 2011, Englen et al., 2006).  Although 

campylobacteriosis is self-limited, antibiotics are occasionally used for prolonged or unusually 

severe clinical symptomology. Overuse of antibiotics in both the clinical and food animal rearing 

settings has been associated with an increase in antibiotic-resistant strains of Campylobacter 

(Silva et al., 2011, Bennani et al., 2019). These antibiotic resistant strains may complicate 

treatment of human campylobacteriosis, leading to prolonged infections, increased mortality and 

co-morbidity rates, and increased hospitals costs (Lapierre et al., 2016, Silva et al., 2011). 

Antimicrobial resistance is seen as a serious threat to human and animal health with significant 

economic impacts.  

Several mechanisms have been associated with antimicrobial resistance in Campylobacter. 

Macrolides and fluoroquinolones have been the most common antibiotics used to treat human 

infections (McCrackin 2016, Alfredson and Korolik 2009. Resistance to fluoroquinolones in 

Campylobacter has been mainly due to mutations in the gyrA gene; specific point mutations have 

been associated with high resistance levels to ciprofloxacin and nalidixic acid (Alfredson and 

Korolik 2007, Engberg et al., 2001). Resistance to macrolides in Campylobacter has been 
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primarily associated with point mutations in the 23S rRNA gene (Wei and Kang 2018, Engberg 

et al., 2001). Both macrolide and fluoroquinolone resistance arise from naturally occurring point 

mutations that are favored or disfavored by environmental conditions. In the presence of 

antibiotics, these point mutations are selected, allowing this mutation to become dominant (Yang 

et al., 2019, Luo et al., 2003, McDermott et al., 2002). Mutation frequency rates for resistance to 

fluoroquinolone have been shown to be significantly higher than those conferring resistance to 

macrolides (Yang et al., 2019) perhaps correlating with the increased trend of fluoroquinolone-

resistant Campylobacter isolates. Although tetracyclines are minimally used for treatment of 

Campylobacter, resistance to this antibiotic is frequently seen in Campylobacter spp. (Sanad et 

al., 2011, Englen et al., 2006, Englen et al., 2005). Resistance to tetracycline is conferred by the 

tet(O) gene frequently located on self-transmissible plasmids (Wieczorek and Osek 2013).  

There has been a general understanding that acquisition of drug resistance, specifically resistance 

conferred by chromosomal mutations, entails a biological cost for pathogens, altering growth, 

survival, and transmission inside and outside the host (Andersson 1999). Generally, this means 

lower fitness in the absence of antibiotic selection pressure compared to non-resistant bacteria. 

However, in C. jejuni, fluoroquinolone resistance may confer a fitness advantage over 

susceptible isolates. Current prevalence of fluoroquinolone-resistant C. jejuni and C. coli in the 

USA is 35.4% and 74.4%, respectively (Tang et al., 2017). Concurrently, a rise of nalidixic acid 

resistance has been seen from 8.2% in 1990 to 26.3% in 2004 (Gallay et al., 2007, Luber et al., 

2003). Similarly, a rise in ciprofloxacin resistance has been seen in the U.S. (Tang et al., 2017, 

Yang et al., 2019). A study in Southwestern Alberta, Canada shows an increasing resistance to 

ciprofloxacin since 2004 with a peak resistance rate of 30% in 2016 (Inglis et al., 2020). With 
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these rising trends, one is to ask whether this is due to the fitness advantage gained through point 

mutations conferring fluoroquinolone resistance. 

Survival in feces and the environment is critical for transmission in the farm ecosystem and yet, 

limited information exists on the survival of Campylobacter species to survive transmission-

relevant vehicles, such as feces, and more importantly, how the use of antibiotics may affect their 

survival. In this study, three strains with different antimicrobial profiles were selected: one strain 

of nalidixic-resistant (NalR) C. hyointestinalis, and one strain each of C. jejuni that was pan-

sensitive (PS) and resistant to both tetracycline and fluoroquinolone (TQR). We assessed survival 

of these three strains in cattle feces at two temperatures, 4ᵒC and 25ᵒC. Understanding the 

prevalence of Campylobacter species and their antibiotic resistance in cattle feces and 

understanding if certain strains differ in feces can increase our knowledge of Campylobacter and 

potentially affect how we can combat the dissemination of Campylobacter, including antibiotic-

resistant strains.  

 

METHODS 

Bacterial strains and growth media 

Strains used in this study included PS C. jejuni, nalidixic acid-resistant (NalR) C. hyointestinalis, 

and TQ-resistant (TQR) C. jejuni (resistant to ciprofloxacin, nalidixic acid, and tetracycline). 

NalR C. hyointestinalis (CSE5221919-2A), PS C. jejuni (CSE52319-1A), and TQR C. jejuni 

(CSE52719-1A) were isolated from 0 h, 24 h, and 144 h, respectively, in a florfenicol treatment 

trial (Trial 1, described in Chapter 2). These strains are hereafter designated as C. hyo, CJ PS, 

and CJ TQ, respectively. One unknown isolate was sent off for sequencing and species was 

confirmed to be C. hyointestinalis. Frozen Campylobacter strains were cultured on Mueller 



   

55 

 

Hinton Agar (MHA) (Becton, Dickinson and Co.) and incubated at 42ᵒC microaerobically for 24 

h. 

 

Cattles feces: 

All cattle were housed in the same barn, and under the same care and management conditions. 

Approximately 150g of fecal material was collected from the rectum of each steer by using a 

gloved hand and the samples placed in separate prelabeled sterile bags. All samples were placed 

in coolers on ice, transported to the laboratory and stored at 4ᵒC until processing, typically within 

2-24 h.  

 

Assessment of Campylobacter survival in bovine feces: 

To measure existing background Campylobacter growth in cattle feces, 1g of cattle feces was 

suspended in 10 mL sterile diH2O. The suspension was spot enumerated for existing 

Campylobacter from undiluted to 10-5 dilution. A volume of 0.1 mL of the undiluted and 0.1 mL 

of the 10-1 dilution were spread plated on modified charcoal-cefoperazone agar (mCCDA) with 

the corresponding supplement (Oxoid, Ogdensburg, NY).  

Frozen Campylobacter strains were cultured on Mueller Hilton agar (MHA) and incubated at 

42ᵒC microaerobically for 24 h. Following incubation, the inoculum of each strain was prepared 

by suspending 3 loopfuls of each bacterial culture in 3 mL diH2O. Cell suspensions were 

centrifuged for 10 min at 13,000 RPM, supernatant was discarded, and cells were resuspended in 

3 mL of diH2O. Optical density of the bacteria was measured using OD600 and was adjusted by 

adding diH2O until all cell suspensions had similar OD readings. All cell suspensions were 

subsequently diluted to 10-8 and spot-plated on MHA.  
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In three separate 50 ml tubes, 10g of feces were mixed with 1 mL of each inoculum and vortexed 

until fully homogenized. An amount of 0.1g of the mixture was suspended in 1 mL of diH2O and 

spot enumerated (10 µl spots) on mCCDA from 10-1 to 10-8 at each time point. While the plates 

for both trials were incubated at 42ᵒC, feces were stored at either 4ᵒC or 25ᵒC. For survival at 

4ᵒC, time points were taken every 24 h. For survival at 25ᵒC, time points were taken every 2 h 

for the first 6 h and then every 24 h thereafter. Time point 0 h was taken after mixing feces with 

inoculum. Colonies were enumerated post-inoculation at each time point. Two trials were 

completed per temperature and duplicate spots were averaged together for data analysis. Due to 

potential contamination, putative Campylobacter colonies were using microscopy for 

confirmation. T-test was performed to determine significance of log reduction between strains.  

 

RESULTS 

Campylobacter survival in feces was monitored at 25ᵒC and 4ᵒC with two trials for each 

temperature. During this study, several challenges arose with background bacteria on the 

selective media (due to background bacteria in feces), resulting in termination of the studies at 

the specific time points (48 h for 25ᵒC and 120 h for 4ᵒC). Survival length differed between 

temperatures, with a significantly prolonged survival at 4ᵒC over 25ᵒC (Fig. 1). At 25ᵒC, the C. 

jejuni strains declined at a similar rate, with an average log reduction of 0.56 for CJ TQ and 0.68 

for CJ PS. C. hyo declined much slower with an average log reduction of 0.11 (Fig. 2A). In 

contrast, at 4ᵒC, C. hyo declined much more rapidly than the other strains with an average log 

reduction of 0.32 compared to 0.034 for CJ TQ and -0.06 for CJ PS (Fig. 2B). At time point 0 h 

at 4ᵒC, CJ TQ declined much rapidly than CJ PS even though the original inoculum was similar 

(10.3 and 10.6 log CFU/g for CJ PS and CJ TQ, respectively) (Fig. 1B). However, after 24 h, 
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both C. jejuni strains declined at similar rates. C. hyo had more variation in reduction throughout 

the 120 h, with a log reduction range between -0.60 and 1.61; the log reduction was the lowest at 

0 h (-0.60) and the highest at 72 h (1.61). Overall, C. hyo had a lower survival than the C. jejuni 

strains at both temperatures (Fig 1). C. hyo did have a lower inoculum count than the C. jejuni 

isolates at both temperatures but may be due to slightly different ODs. 

At 4ᵒC, t-test results indicated that at 24 h and 120 h, there was a significant difference in log 

reduction between C. hyo and CJ PS. At 25ᵒC, there was a significant difference at 4 h and 6 h 

between C. hyo and CJ PS. Additionally, there was a significant difference at 2 h between C. hyo 

and CJ TQ. Although the C. jejuni strains declined similarly at 25ᵒC, there was a significant 

difference in log reduction at 2 h between the two C. jejuni strains.  

 

DISCUSSION 

Mutations conferring antibiotic resistance can entail a cost to pathogens; however, point 

mutations, specifically to the gyrA gene, have been shown in several studies to confer a fitness 

advantage to fluoroquinolone resistant C. jejuni. In chickens co-inoculated with fluoroquinolone-

resistant and fluoroquinolone-susceptible C. jejuni, the fluoroquinolone-resistant isolates 

outcompeted the fluoroquinolone-susceptible isolates in the absence of antibiotic selective 

pressure. Additionally, when mono-inoculated, the fluoroquinolone-resistant isolates did not lose 

their resistance to fluoroquinolone or their resistance-conferring point mutation in gyrA even in 

the prolonged absence of antibiotics (Luo et al., 2005). Together, these striking results indicate a 

fitness advantage from the single point mutation of gyrA that confers high-level resistance to 

fluoroquinolone in Campylobacter. This increased fitness advantage and high mutation 
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frequency may contribute to the rapidly increasing trend of fluoroquinolone-resistant 

Campylobacter worldwide. 

To answer whether these strains with antibiotic resistance differ in fitness in transmission-

relevant vehicles such as feces, three Campylobacter strains with different antibiotic resistance 

profiles were selected. One nalidixic acid-resistant C. hyointestinalis strain and two C. jejuni 

strains, one pan-sensitive and one resistant to tetracycline, nalidixic acid, and ciprofloxacin (TQ) 

were selected. Their survival in feces was measured over several time points at either 4ᵒC or 

25ᵒC (Figure 1) and a pronounced difference in survival length between the temperatures was 

seen, 5 days and 2 days, respectively. It is not uncommon to have differences in survival between 

these two temperatures. Campylobacter spp. have been detected in cattle feces after incubation 

for 1-3 weeks at 5ᵒC and after incubation for 1 week at 30ᵒC (Olson 2001) and C. jejuni has been 

known to have a longer survival at 4ᵒC than at 25ᵒC (Solow et al., 2003, Hunt et al., 2000).  

Survival was similar between the two C. jejuni strains, while C. hyo had a lower survival 

throughout both temperatures (Fig 1). C. hyo had a lower starting inoculum at both temperatures 

which may account for the difference in log CFU/g post inoculation. At 25ᵒC, both C. jejuni 

strains had similar log reduction, 0.56 for CJ TQ and .68 for CJ PS. There was a slight difference 

in the log reduction of the C. jejuni strains at 4ᵒC, with a log reduction of 0.034 for CJ TQ and -

0.06 for CJ PS. Although the C. hyo strain declined much slower (log reduction of 0.11) than the 

C. jejuni strains at 25ᵒC, it declined much faster at 4ᵒC (log reduction of 0.32). There does not 

seem to be a correlation between antimicrobial resistance profiles and survival, but species may 

be a factor in survival at different temperatures. However, we cannot accurately attribute survival 

results to antibiotic resistance profiles as we do not know the genetic background of the strains. 

The strains are most likely not isogenic, except for resistance, which makes it difficult to 
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compare. If we could take two variants, one PS C. jejuni isolate and one NalR mutant, that are 

isogenic, except for resistance, we can determine if the antibiotic resistance profiles attributes 

directly to the survival in cattle feces.  

C. jejuni is one of the most prevalent species of Campylobacter found in cattle feces and in 

human isolates causing campylobacteriosis (Wesley et al., 2000, Tang et al., 2017, Bae et al., 

2005, Lapierre et al., 2016). Key features of C. jejuni that have been linked to survival include 

biofilms, enzymes, regulators, and flagella (Gundogdu and Wren 2020). It is conceivable that C. 

jejuni has certain features that enable it to outcompete other species at certain temperatures. The 

optimal growth temperature of C. jejuni is between 37ᵒC and 42ᵒC; however, C. jejuni has been 

known to survive at 4ᵒC albeit with lower survival (Haddad et al., 2009).  

A major limitation of this study was the background microbes growing on the selective media at 

certain time points in the trials. Studies have shown that several pathogens, including other 

bacteria, mold, and fungi often inhabit feces and can potentially outcompete Campylobacter spp., 

leading to severe contamination after a certain time (Inglis et al., 2010). Other limitations of this 

study include short period of study, small number of strains, and small number of strains per 

antimicrobial resistance profile (only one strain per AMR profile was studied). These limitations 

prevent us from connecting antimicrobial resistance profile to survival.   
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FIGURES 

(A).

 

(B). 

 

Figure 4-1: Survival of Campylobacter hyointestinalis and Campylobacter jejuni in bovine 

feces. Feces were inoculated with the individual strains in duplicate as described in Materials and 

Methods and incubated at (A) 25ᵒC or (B) 4ᵒC. The survival of the three strains for 4ᵒC was 

calculated over a period of 72 h for the first trial and 120 h for the second trial. The data plotted 

was an average of duplicate measurements (n=2) for each bacterial species.  
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(A). 

 

 

(B). 

 

Figure 4-2: Log reduction of Campylobacter hyointestinalis and Campylobacter jejuni in bovine 

feces relative to inoculum. Log reduction was calculated using the survival data shown in Figure 

1. Feces were inoculated with the individual strains in duplicate as described in Materials and 

Methods and incubated at (A) 25ᵒC or (B) 4ᵒC. Vertical lines represent error bars.   
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