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Abstract

Objectives: Most patients with Campylobacter infection do not require antibiotics; however, 

they are indicated in severe cases. Clinical breakpoints for many antibiotics are not yet established 

by the CLSI, making antibiotic selection for resistant infections challenging. During an outbreak 

of pet store puppy-associated XDR Campylobacter jejuni infections resistant to seven antibiotic 

classes, several patients required antibiotics. This study aimed to determine MICs of the outbreak 

strain for various antibiotics and describes the successful treatment of two patients using 

imipenem/cilastatin, a drug not traditionally used for Campylobacter infections.

Methods: We used whole-genome multilocus sequence typing (wgMLST) to determine the 

genetic relatedness of Campylobacter isolates collected from two human patients’ stool samples 

with the outbreak strain. We performed extended antimicrobial susceptibility testing on 14 

outbreak isolates and 6 control strains to determine MICs for 30 antibiotics (14 classes).

Results: Isolates from both patients were highly related to the outbreak strain by wgMLST. 

MICs indicated resistance of the outbreak strain to most antibiotic classes, except phenicols, 

glycylcyclines and carbapenems. Due to potential side effects of phenicols and safety issues 
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precluding use of glycylcyclines such as tigecycline when alternatives agents are available, we 

used carbapenems to treat patients who were severely ill from the outbreak strain infections.

Conclusion: Stewardship and clinical vigilance are warranted when deciding whether and how 

to treat patients with suspected C. jejuni diarrhoea with antibiotics. Clinicians should maintain a 

high index of suspicion for XDR Campylobacter when patients fail to improve and consider the 

use of carbapenems in such settings.
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1. Introduction

Campylobacter is a leading cause of diarrhoeal illness, causing an estimated 1.5 

million illnesses annually in the USA [1]. Campylobacter is a genus of Gram-negative, 

microaerophilic bacteria with more than 20 species, but only a few among those are 

pathogenic for humans. Approximately 90% of human Campylobacter infections are caused 

by Campylobacter jejuni, which causes infectious diarrhoea (often bloody) and rarely can 

lead to serious bloodstream infections, particularly in immunocompromised individuals [2].

Campylobacteriosis is a zoonotic infection that can be acquired from a variety of sources, 

including contact with animals such as puppies [3]. When antibiotics are indicated, 

macrolides and fluoroquinolones are the recommended agents [4]. However, the prevalence 

of antibiotic-resistant C. jejuni is increasing [5]. For example, resistance to ciprofloxacin 

increased from 18% in 1997 to 28% in 2017 [6].

In August 2017, the Florida Department of Health identified a C. jejuni outbreak linked to 

puppies from a national pet store chain based in Ohio. Subsequent investigation revealed 

more than 100 patients from 18 US states linked to the outbreak [7]. Antimicrobial 

susceptibility testing (AST) performed by officials at the National Antimicrobial Resistance 

Monitoring System (NARMS) at the US Centers for Disease Control and Prevention (CDC) 

indicated that the outbreak isolates were resistant to multiple classes of antibiotics including 

macrolides, fluoroquinolones, lincosamides, ketolides and tetracyclines; 10 of 12 isolates 

tested were also resistant to aminoglycosides [8–10].

This resistance profile raised urgent concerns about the optimal management of patients 

infected with this extensively drug-resistant (XDR) Campylobacter strain [11]. Multiple 

small studies have previously described in vitro susceptibility of C. jejuni to carbapenems 

[12–15]. However, clinical resistance breakpoints for many antimicrobials, including 

carbapenems, are yet to be established. For drugs that do have clinical breakpoints, 

interpretative criteria available from the Clinical and Laboratory Standards Institute (CLSI) 

and the European Committee on Antimicrobial Susceptibility Testing (EUCAST) differ 

[16, 17]. Also, clinical experience regarding successful use of carbapenems against XDR 

Campylobacter strains is limited.
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During this multistate outbreak of XDR Campylobacter, several patients with severe 

infections required antibiotic treatment. Here we describe extended AST of the outbreak 

strain, which led to successful treatment of two severely ill patients associated with the 

outbreak using imipenem/cilastatin. A detailed account of the outbreak investigation is 

provided by Montgomery et al. [7].

2. Materials and methods

2.1. Antimicrobial susceptibility testing

2.1.1. Routine antimicrobial susceptibility testing—During the outbreak, state 

health department laboratories submitted a subset of 14 outbreak-associated isolates to 

NARMS for AST. Control strains of C. jejuni were selected for their known susceptibility 

to most antimicrobials on the NARMS panel. AST was performed for 14 outbreak­

associated isolates on the standard panel used for testing Campylobacter spp. (Sensititre 

™ Campylobacter CAMPY; Thermo Fisher Scientific, Cleveland, OH, USA) [18]. Nine 

antibiotics, including azithromycin, ciprofloxacin, clindamycin, erythromycin, florfenicol, 

gentamicin, nalidixic acid, telithromycin and tetracycline, were evaluated by the broth 

microdilution method in accordance with the manufacturer’s instructions. The minimum 

inhibitory concentration (MIC) for each drug was used to categorise isolates as susceptible 

or resistant based on epidemiologic cut-off values (ECOFFs) or NARMS consensus 

interpretative criteria [18]. Fourteen outbreak isolates were submitted to the US Food 

and Drug Administration (FDA) Center for Veterinary Medicine NARMS laboratory for 

additional AST.

2.1.2. Extended susceptibility testing at the FDA—Standard Campylobacter broth 

microdilution methods were applied to six dehydrated Sensititre ™ panels in accordance 

with current CLSI guidelines: three panels (CMV4AGNF, CMV3AGPF and CMV2DW; 

Sensititre TM) were used routinely for NARMS testing at that time; the other three are 

routinely used in clinical laboratories (GN4F, STP6F and ANO2B; Sensititre TM). For 

each Campylobacter isolate, a 0.5 McFarland standard (108 CFU/mL) bacterial suspension 

was prepared in 5 mL of Sensititre ™ cation-adjusted Mueller–Hinton broth (MHB). 

The suspension was then diluted to 105 CFU/mL by transferring 100 μL of the above 

suspension into 11 mL of MHB with lysed horse blood. Suspensions were inoculated 

into each well of the dehydrated Sensititre ™ panels at a volume of 100 μL, covered 

with a perforated seal, and incubated in a humid microaerophilic environment for 24 h 

at 42 °C. Quality control (QC) strains were included for each test simultaneously under 

recommended standard conditions for each QC strain (C. jejuni ATCC 33560, Escherichia 
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 

29213, Enterococcus faecalis ATCC 29212, Klebsiella pneumoniae ATCC 700603 and 

Streptococcus pneumoniae ATCC 49619) in order to validate the method by ensuring the 

performance of each MIC panel used in the tests. MICs were determined using the unaided 

eye. Five NARMS surveillance C. jejuni strains known to be susceptible to the antibiotics on 

the standard NARMS Campylobacter (CAMPY) panel were also included as control strains 

for validation. If multiple MICs resulted when the same antibiotic class was tested on more 

than one panel, we reported the more specific dilution range (e.g. ≤0.12 μg/mL rather than 
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≤0.5 μg/mL) or the higher MIC value. No result for the same antibiotic differed by more 

than a single dilution.

Due to the treatment needs of patients infected in this outbreak, time was of the essence 

in finding a suitable treatment agent. Agar dilution, the gold standard of AST, would have 

required time-consuming testing and the availability of antimicrobial powders. Therefore, 

we designed testing methods based on supplies available both to clinical and NARMS 

laboratories, applied CLSI guidelines, and used QC organisms, including known susceptible 

Campylobacter isolates, for validation.

2.2. Resistance determination—The MIC for each drug was used to categorise 

isolates as susceptible or resistant. For azithromycin, chloramphenicol, ciprofloxacin, 

clindamycin, erythromycin, florfenicol, gentamicin, nalidixic acid, telithromycin and 

tetracycline, we used EUCAST ECOFFs [19, 20]. We considered isolates with MICs 

at or below the ECOFF (‘wild-type’) to be susceptible, and isolates with MICs above 

the ECOFF (‘non-wild-type’) to be resistant. We used CLSI criteria for Enterobacterales 

for ampicillin, ampicillin/sulbactam, amoxicillin/clavulanic acid, aztreonam, cefepime, 

cefotaxime, ceftazidime, cefuroxime, ertapenem, imipenem, levofloxacin, meropenem, 

minocycline, piperacillin/tazobactam, trimethoprim/sulfamethoxazole and tobramycin, and 

CLSI criteria for anaerobes for metronidazole and moxifloxacin to define isolates as 

susceptible or resistant to these agents [21].

We defined XDR Campylobacter as isolates resistant to macrolides, fluoroquinolones (the 

antimicrobial classes recommended for treatment [4]) and three or more additional CLSI­

designated antimicrobial classes.

2.3. Identification of cases associated with the multistate outbreak—During 

the outbreak investigation, the Ohio Department of Health (ODH) co-ordinated with local 

health departments to identify additional cases and requested specimen submission to 

ODH’s state laboratory. The ODH laboratory performed whole-genome sequencing on all 

resulting isolates, and the CDC’s laboratory used whole-genome multilocus sequence typing 

(wgMLST) to compare genetic relatedness. Cases were considered outbreak-associated if 

the corresponding isolate was found to be highly related to other outbreak isolates by 

wgMLST [7, 10, 11]. The National Center for Biotechnology Information (NCBI) accession 

numbers for the sequenced isolates are as follows: Patient # 1, SAMN08014319; Patient # 2, 

SAMN09008083; and puppy of Patient # 1, SAMN08025804.

2.4. Ethics review—A Human Subjects Advisor from CDC’s National Center for 

Emerging and Zoonotic Infectious Diseases reviewed the proposal for this investigation 

and determined that it did not meet the definition of research under 45 CFR 46.102(d). The 

Institutional Review Board of Bon Secours Mercy Health made a similar determination and 

issued a waiver of informed consent.
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3. Results

3.1. Clinical association

We demonstrate the clinical use of this information in the successful treatment of two 

patients who were severely ill from infection with the outbreak-related XDR Campylobacter 
strain and required aggressive antimicrobial treatment. The clinical course of these patients, 

including key exposures, symptom onset and antibiotic courses, are summarised in Fig. 1.

3.1.1. Patient #1—Patient #1 was a 67-year-old man with a history of coronary artery 

disease, type 2 diabetes mellitus, essential hypertension, obstructive sleep apnoea and 

previous bariatric surgery (gastric sleeve), who developed worsening watery diarrhoea 7 

days after purchasing a puppy from a pet store. The patient presented to the emergency 

department after 4 days of worsening diarrhoea. He was initially treated with oral 

ciprofloxacin (500 mg twice daily) without improvement and was transferred to the 

intensive care unit when he developed diabetic ketoacidosis. Antibiotics were switched 

to intravenous (IV) cefepime (20 0 0 mg every 12 h), IV azithromycin (500 mg daily) 

and IV metronidazole (500 mg every 8 h) without much improvement in his condition. 

Stool PCR test was positive for Campylobacter spp., and stool culture yielded C. jejuni. 
The patient’s family alerted the infectious diseases (ID) physician to a news story based 

on CDC’s web posting about the antibiotic-resistant Campylobacter outbreak linked to pet 

store puppies; the ID physician contacted the ODH and CDC. Given high suspicion that 

this case was linked to the outbreak, a 7-day course of IV imipenem/cilastatin (1000 mg 

every 8 h) was initiated. The patient’s diarrhoea improved after 48 h and resolved 7 days 

after starting imipenem/cilastatin (Fig. 1). Before discharge, the patient was advised about 

hygiene measures to avoid re-infection. His puppy’s stool was also cultured and tested 

positive for C. jejuni. Isolates from the patient and puppy were later tested at the CDC and 

FDA. The patient was seen in the outpatient clinic 1 week after discharge and reported no 

recurrence of diarrhoea. He was followed up until 1 year after hospitalisation and remained 

asymptomatic.

3.1.2. Patient #2—Patient #2 was a 60-year-old woman with a history of pancreatic 

cancer, pancreaticoduodenectomy and cholecystectomy, who developed severe non-bloody 

diarrhoea and low back pain 10 days after purchasing a puppy from a local pet store. The 

patient was hospitalised with dizziness, high fever and worsening diarrhoea. She was treated 

with IV ciprofloxacin (400 mg every 12 h) and IV metronidazole (500 mg every 8 h); IV 

azithromycin (500 mg daily) was added after 2 days of non-improvement. Stool culture 

yielded C. jejuni. As she had failed to improve on standard antibiotic therapy, concerns were 

raised for antibiotic resistance; hence, a 7-day course of IV imipenem/cilastatin (10 0 0 

mg every 8 h) was initiated. Her diarrhoea improved within 48 h and resolved completely 

within 7 days of starting imipenem/cilastatin (Fig. 1). She was discharged after a 2-week 

hospital stay and was given similar instructions as Patient #1. Her puppy was reported to 

have diarrhoea soon after purchase but no testing was done for Campylobacter. The patient 

refused further testing for her puppy and was lost to follow-up after discharge. Her stool 

isolate was later tested at the CDC and FDA.
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3.2. Outbreak association and antimicrobial susceptibility testing

Isolates from both patients and from the puppy of Patient #1 were found to be highly related 

to each other and the outbreak strain by wgMLST [11]. All three isolates (from two patients 

and one puppy) underwent AST with 30 different antibiotics from 14 antibiotic classes and 

had susceptibility patterns that were similar to each other and consistent with the outbreak 

strain (Table 1).

Outbreak isolates had MICs indicating resistance to most antibiotic classes, except 

phenicols, glycylcyclines and carbapenems (Fig. 2). Also, average MICs of control strains 

and the CLSI standard QC strain C. jejuni ATCC 33560 were lower than the MICs 

of outbreak isolates for aminoglycosides, ketolides, lincosamides, macrolides, quinolones, 

tetracyclines, β-lactam combination agents, cephems (except cefepime), monobactams and 

nitroimidazoles.

4. Discussion

For most patients, C. jejuni infection is self-limiting and antibiotic treatment typically 

offers only a modest benefit [22]. Antibiotic treatment is generally reserved for patients 

with severe or prolonged disease or for those with risk factors for complicated infection 

[23]. The two patients described here had severe C. jejuni infections in the setting of their 

relatively older ages and preexisting co-morbid conditions. We faced several challenges in 

the successful treatment of these two patients. The first was realising that their illnesses 

were associated with a large pet store puppy-related outbreak of a rare XDR Campylobacter 
strain. The CDC’s public outbreak notification was critical in alerting the first patient’s 

family, who in turn notified infectious disease physician, resulting in a discussion with the 

CDC response team. The second challenge was that this XDR Campylobacter strain showed 

resistance to all first- and second-line agents. AST for alternative agents was not available 

at the hospital’s reference clinical laboratories owing to lack of breakpoints. Federal health 

officials, however, were already conducting additional AST on the outbreak isolates to 

determine the most appropriate antibiotic therapy. Third, there have been only a few reports 

of the successful use of carbapenems to treat Campylobacter, making treatment decisions 

challenging.

Treatment options for C. jejuni infections are limited at baseline by resistance mechanisms 

present in most isolates. Campylobacter jejuni isolates show intrinsic resistance to 

glycopeptides (vancomycin) and polymyxins (colistin), and nearly all isolates carry 

resistance mechanisms for folate pathway inhibitors (trimethoprim) and express a β­

lactamase that limits susceptibility to penicillins (amoxicillin, ampicillin, ticarcillin) [24, 

25]. In addition, C. jejuni isolates encode efflux pumps with differential expression that 

can work synergistically with other resistance mechanisms to limit the effectiveness of 

antimicrobials based on molecule size and charge, potentially resulting in high-level 

resistance to multiple antimicrobial classes [25, 26]. Resistance to recommended treatment 

drugs is common; during 2004–2015, the years leading up to the outbreak, 23.5% of isolates 

were resistant to fluoroquinolones, macrolides or both based on NARMS surveillance data 

[27]. We used the term XDR rather than multidrug-resistant for this particular outbreak 

strain because isolates from this strain had such an extensive resistance that they could not 
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be treated with fluoroquinolones, macrolides and at least three other antimicrobial classes. 

Using our definition of XDR, only 1.0% of surveillance isolates met the XDR criteria during 

the same time period and only 0.3% of surveillance isolates shared the same resistance 

profile to the antimicrobials on the CAMPY panel as the isolates from the patients described 

in this report. In the future, as clinical breakpoints for additional antimicrobial classes 

are adopted by the CLSI, a formal definition for XDR C. jejuni following the guidelines 

developed for other pathogens may become feasible [28].

Based on the extended AST performed on outbreak isolates, this XDR C. jejuni strain 

showed apparent invitro resistance to antimicrobials from 11 of 14 classes tested. It has been 

suggested that multidrug-resistant strains could be treated with glycylcyclines (tigecycline) 

or gentamicin in conjunction with carbapenem antibiotics [29]; however, this XDR strain 

appears resistant to gentamicin, and the FDA recommends reserving tigecycline for use in 

situations when alternative treatments are not suitable [30]. Glycylcyclines (tigecycline) and 

phenicols (chloramphenicol), classes to which the patients’ isolates appeared susceptible, are 

only available intravenously in the USA and are typically reserved for situations when safer 

drugs are ineffective [31, 32]. Although AST indicated potential in vitro susceptibility of the 

outbreak strain to cefepime, MICs of other third- and fourth-generation cephalosporins were 

relatively high. Also, Patient #1 clinically failed to improve with IV cefepime; therefore, 

cefepime was not used to treat Patient #2. Carbapenems, including imipenem/cilastatin, have 

a better safety profile than other alternatives and are widely available. Carbapenem treatment 

has also been suggested based on agar dilution studies of XDR Campylobacter [33]. Hence, 

imipenem/cilastatin was used to treat the two severely ill patients described in this report; 

both had successful outcomes. These findings echo previous case reports of successful use 

of carbapenems under similar circumstances [34–37].

5. Conclusion

These cases illustrate that a careful history of pet exposure can help establish a diagnosis 

and guide treatment. Application of antimicrobial stewardship principles and careful clinical 

vigilance are warranted when deciding whether or not to empirically treat patients with 

antibiotics. Patients who are severely ill or immuno-compromised and are diagnosed with 

Campylobacter infection by PCR-based assays should have stool cultures and AST done 

whenever feasible to determine the best treatment course. Clinicians should maintain a high 

index of suspicion for XDR Campylobacter when patients fail to improve as expected and 

should consider the use of carbapenems in such settings.
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Fig 1. 
Clinical course of two patients showing the duration of diarrhoea and key exposures in days. 

PO, oral; IV, intravenous.
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Fig. 2. 
Squashtogram showing minimum inhibitory concentrations (MICs) for 14 antibiotic classes 

in two populations of Campylobacter jejuni isolates: outbreak isolates (n = 14a) and control 

isolates (n = 6). * Indicates the MIC of the commercially available strain C. jejuni ATCC 

33560. a One isolate was not tested for susceptibility to azithromycin, ciprofloxacin, 

clindamycin, erythromycin, florfenicol, gentamicin, nalidixic acid, telithromycin and 

tetracycline. NOTE: Interpretation of the squashtogram: a squashtogram is a visual aid for 

the interpretation of MIC values. This squashtogram shows the distribution of MICs for 
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antimicrobial agents tested and allows an immediate comparative summary of resistance 

for specific categories of isolates. Results for 14 outbreak-associated isolates, 5 control 

isolates and the commercially available strain ATCC 33560 are shown here. The number 

of isolates falling into each MIC category is shown in a horizontal bar chart. For most 

antimicrobial agents tested, three categories (susceptible, intermediate and resistant) are used 

to interpret MICs. For each antibiotic, ∥(double lines) are used to mark the breakpoint for 

resistance interpretation and | (single line) is used to mark the breakpoint for intermediate 

interpretation (where applicable). MICs for tigecycline and tylosin are reported without 

breakpoints. Dilutions that were not tested are shaded in grey; when isolates were resistant 

to the highest dilution tested, results were reported in the next highest dilution (shaded grey).
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