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Presentation Outline

ÅOverview on Campylobacter

ÅRecent emergence of a hypervirulent clone 
in the U.S.

ïIdentification of clone SA in sheep

ïTetracycline resistance in C. jejuni

ïTetracycline concentrations in tissues

ïConclusions



Campylobacter--characteristics

ÁGram-negative; spiral to 
comma/coccoid shape
ÁSingle or bipolar flagella ---motile
ÁObligate microaerophilic
ÁThermophilic 
ÁA small ( ~1.7 Mbp), but plastic     
genome
ÁBroad host range---
commensal/pathogenic
ÁMultiple species



Campylobacterspp. important for animal and 
public health

ÅC. fetus: 

ïAbortion in cattle and sheep

ïRare cause of bacteremia 
and abortion in humans

ÅC. jejuni (andC. coli)

ïAbortion in sheep, cattle, 
goat and rarely in humans

ïMajor cause of foodborne 
enteritis in humans

ïGenerally considered 
asymptomatic in poultry 
(and livestock) Lefebure and Stanhope, Genome Res. 2009.

Campylobacter species tree 



Campylobacteras a zoonotic pathogen 

ÅA leading cause of foodborne bacterial 
gastroenteritis in humans worldwide
ï845,000 annual cases in the U.S. with over 8,000 

hospitalization (recent CDC estimate)

ÅCommonly present in food producing 
animals
ïPoultry, ruminants, and swine

ïPoultry meat is the main source; followed by raw milk 

ÅUsually self-limiting infections, but antibiotic 
treatment is indicated in certain cases



Emergence of a highly pathogenic and 
tetracycline-resistant  C. jejuni clone in 

ruminants in the U.S.



Campylobacter Abortion in Sheep

ÅLeading cause of ovine 

abortion worldwide

ÅCommonly found in the 

intestine and bile as 

commensal

ÅAbortion rates can exceed 50% 

in some cases

ÅMajor economic loss

ÅMultiple species and strains of 

Campylobacter involved (C.

fetus mostly and C. jejuni)

http://cunnan.sca.org.au/wiki/Image:Sheep.jpg
http://cunnan.sca.org.au/wiki/Image:Sheep.jpg


Campylobacter species shift in sheep 

abortion in the U.S.

ÅGradual shift toward C. jejuni

(displacement of C. fetus)

ÅOccurred during1980s and 

1990s 

ÅC. jejuni became the 

predominant species

ÅDifferent C. jejuni strains were 

involved (genetically diverse)

Kirkbride,1993; Delong et al., 1996; 

Sahin et. al. 2008.



Identification of a Highly Virulent C. 

jejuni Clone

ÅCollection of all Campylobacter isolates from 

sheep abortions since 2003 from VDLs in IA, ID, 

SD, ND, OR, NV, CA.

ÅHigh genetic similarity (clonal) of the clinical 

isolates from different farms and lambing seasons 

(PFGE and MLST genotyping)

ÅNot expected as C. jejuni strains from abortion had 

been genetically diverse

ÅThe abortion clone named clone SA (Sheep 

Abortion) 
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PFGE of C. jejuni isolates from sheep abortions in the U.S.

Sahin O, Plummer PJ, Jordan DM, Yaeger M, Zhang Q, et al. Emergence of a tetracycline-resistant 
Campylobacter jejuni clone associated with outbreaks of ovine abortion in the United States. J Clin. 
Microbiol.2008.

Abortion
Abortion

cont
cont

MLST confirmed the clonality as all isolates were of the same sequence type, ST-8.



Predominance of clone SA in recent sheep 

abortions in the U.S.

All clone SA isolates  belong to ST-8 type

ST-8

ST-50

ST-21

ST-441

66.6% 

1990-2000 2003-2015

21 total isolates 145 total isolates

ST-8
ST-8



Presence of C. jejuni clone SA in healthy sheep 
(slaughterhouse survey)

21%

17%

14%14%

13%

6%

4%
2%

2%

2%
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ST-459
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ST-45
ST-918
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ST-4013
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N= 48 total isolates



19.05%

14.29%

9.52%

7.14%7.14%
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C. jejuni from sheep abortion in the U.K.  
are genetically diverse 

ÁFrom 2002-2008 (n=42 isolates)
ÁNo ST-8 in the U.K. collection
ÁConfirmed by PFGE 



C. jejuni Clone SA is also present in other 
ruminant abortions

11 of 27 (40%) abortion isolates from IA, CA, and ND



Case No. of 

isolates

State Year Isolation source Exposure

Outbreak-1 1 VT 2003 Unknown Raw milk

Outbreak-2 4 SC 2007 Stool Raw milk

Outbreak-3 16* PA 2008 Unknown Raw milk

Outbreak-4 4 RI 2008 Unknown Chicken

Outbreak-5 32 WI 2009 Stool Raw milk

Outbreak-6 2 MA 2010 Stool/Blood Raw milk

Outbreak-7 7 MI 2010 Stool Raw milk

Outbreak-8 1 MT 2010 Unknown Well water

Outbreak-9 2 VT 2010 Stool Raw milk

SporadicÀ56 Multiple 2004-10 Stool Unknown

Clone SA is associated with human disease in the U.S.

ÅCDC PulseNet Campylobacter database was used  (since 2003)

Å123 (9.03%) human C. jejuni isolates were of clone SA through 2010

ÅRaw milk consumption was the main exposure source

Sahin, Fitzgerald, Stroika, Zhao, Sippy, Kwan, Plummer, Jan, Yaeger, Zhang.

J Clin Microbiol. 50 (2012). 



Hypothesis

Clone SA is highly pathogenic for sheep and 
may have unique virulence characteristics 



Clone SA is abortifacient in pregnant guinea pigs 
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IP inoculation Oral inoculation

Burrough, Sahin et al. Am. J. Vet. Res.70:1269-76 - 2009
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Genomic approaches to understanding pathogenesis of 
clone SA

Wu, Sahin et al. Genome Biol:5 (11), 2013. 
Wu, Sahin, Wang, Zhang. J Prot:99, 2014
Wu et al. PNAS: 113 (38), 2016 



Proc. Natl. Acad. Sci. USA, September 20, 2016



Resistance to tetracyclines (TCs)among C. 
jejuni clone SA isolates



Antimicrobial MIC90 Resistance
breakpoint

No. (%) resistance

Ceftiofur >64 җ8 74 (100)

Enrofloxacin <0.13 җп 0

Florfenicol 2 җон 0

Oxytetracycline 64 җмс 74 (100)

Penicillin 16 җмс 40 (54)

Tilmicosin 2 җон 0

Tulatromycin 0.5 җон 0

Tylosin 8 җон 2 (2.7)

Sahin, Plummer, Yaeger, Zhang et al. J. Clin. Microbiol. 46 (2008). 

C. jejuni clone SA isolates from sheep abortion are 

universally resistant to TCs



Antibiotic MIC (˃ Ǝ/ml) Resistance 
breakpt.

No. (%) of 
resistant 
isolates

Range 90%

Azithromycin 0.03ς0.12 0.12 җу 0 (0)

Ciprofloxacin 0.06ς16 0.12 җп 2 (4.1)

Clindamycin 0.06ς1 0.25 җу 0 (0)

Erythromycin 0.25ς2 1 җон 0 (0)

Florfenicol 0.5ς4 1 җмс 0 (0)

Gentamycin 0.25ς2 1 җу 0 (0)

Nalidixic acid <4 ς>64 8 җон 3 (6.2)

Telithromycin 0.25ς2 1 җмс 0 (0)

Tetracycline 0.25ς>64 >64 җмс 40 (83.3)

C. jejuni clone SA isolates from heathy sheep are resistant to TCs

Sahinet al. J Clin Microbiol. 50 (2012). N= 48 total isolates; clone SA=6 isolates



UK Isolates(41) US Isolates(54) Early-US 
Isolates(21)

Late-US 
Isolates(33)

%Resistance % Resistance % Resistance %Resistance

Azithromycin 2.44 1.85 4.76 0

Ciprofloxacin 0 1.85 0 3.03

Clindamycin 9.76 0 0 0

Erythromycin 0 1.85 4.76 0

Florfenicol 0 0 0 0

Gentamycin 0 1.85 0 3.03

Nalidixic acid 17.1 3.7 4.76 3.03

Telithromycin 0 1.85 4.76 0

Tetracycline 4.88 68.5 19.05 100

TC resistance among the U.S. and U.K. C. jejuni sheep 
abortion isolates

Wu, Sippy, Sahinet al. J Clin Microbiol. 52(2014). 



Tetracycline resistance in C. jejuniclone SA isolates  
is mediated by tet(O) gene. 

M      1      2       3       4       5      6      7       8      9 

750bp
500bp tet(O)

tet(O)-specific PCR




