











O
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=

Infection and Immunity

Infection and Immunity

647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691

692

693

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Nolan MJ, Tomley FM, Kaiser P, Blake DP. 2015. Quantitative real-time PCR (gPCR) for
Eimeria tenella replication - Implications for experimental refinement and animal welfare.
Parasitol Int 64:464-470.

Stanley D, Geier MS, Chen H, Hughes RJ, Moore RJ. 2015. Comparison of fecal and cecal
microbiotas reveals qualitative similarities but quantitative differences. BMC Microbiol
15:51.

Sergeant MJ, Constantinidou C, Cogan TA, Bedford MR, Penn CW, Pallen MJ. 2014. Extensive
Microbial and Functional Diversity within the Chicken Cecal Microbiome. Plos One 9.

Meade K, Narciandi F, Cahalane S, Reiman C, Allan B, O’Farrelly C. 2009. Comparative in vivo
infection models yield insights on early host immune response to Campylobacter in chickens.
Immunogenetics 61:101-110.

Biswas D, Fernando UM, Reiman CD, Willson PJ, Townsend HGG, Potter AA, Allan BJ. 2007.
Correlation between in vitro secretion of virulence-associated proteins of Campylobacter
jejuni and colonization of chickens. Curr Microbiol 54:207-212.

Wassenaar TM, Vanderzeijst BAM, Ayling R, Newell DG. 1993. Colonization of Chicks by
Motility Mutants of Campylobacter-Jejuni Demonstrates the Importance of Flagellin-a
Expression. Journal of General Microbiology 139:1171-1175.

Shortt C, Scanlan E, Hilliard A, Cotroneo CE, Bourke B, Croinin TO. 2016. DNA Supercoiling
Regulates the Motility of Campylobacter jejuni and Is Altered by Growth in the Presence of
Chicken Mucus. Mbio 7.

Hermans D, Martel A, Van Deun K, Verlinden M, Van Immerseel F, Garmyn A, Messens W,
Heyndrickx M, Haesebrouck F, Pasmans F. 2010. Intestinal mucus protects Campylobacter
jejuni in the ceca of colonized broiler chickens against the bactericidal effects of medium-
chain fatty acids. Poult Sci 89:1144-55.

Van Deun K, Haesebrouck F, Van Immerseel F, Ducatelle R, Pasmans F. 2008. Short-chain
fatty acids and L-lactate as feed additives to control Campylobacter jejuni infections in
broilers. Avian Pathology 37:379-383.

Szymanski CM, King M, Haardt M, Armstrong GD. 1995. Campylobacter-Jejuni Motility and
Invasion of Caco-2 Cells. Infection and Immunity 63:4295-4300.

Byrne CM, Clyne M, Bourke B. 2007. Campylobacter jejuni adhere to and invade chicken
intestinal epithelial cells in vitro. Microbiology 153:561-9.

Lang T, Hansson GC, Samuelsson T. 2006. An inventory of mucin genes in the chicken
genome shows that the mucin domain of Mucl3 is encoded by multiple exons and that
ovomucin is part of a locus of related gel-forming mucins. BMC Genomics 7:197.

Hyman HC, Levisohn S, Yogev D, Razin S. 1989. DNA probes for Mycoplasma gallisepticum
and Mycoplasma synoviae: application in experimentally infected chickens. Vet Microbiol
20:323-37.

De Lisle RC, Roach E, Jansson K. 2007. Effects of laxative and N-acetylcysteine on mucus
accumulation, bacterial load, transit, and inflammation in the cystic fibrosis mouse small
intestine. Am J Physiol Gastrointest Liver Physiol 293:G577-84.

Zarepour M, Bhullar K, Montero M, Ma C, Huang T, Velcich A, Xia L, Vallance BA. 2013. The
mucin Muc2 limits pathogen burdens and epithelial barrier dysfunction during Salmonella
enterica serovar Typhimurium colitis. Infect Immun 81:3672-83.

Stahl M, Vallance BA. 2015. Insights into Campylobacter jejuni colonization of the
mammalian intestinal tract using a novel mouse model of infection. Gut Microbes 6:143-8.

25

1sanb Ag 6T0Z ‘2 Arenuer uo /610 wse rel//:dny woll papeojumoq



(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Infection and Immunity

Infection and Immunity

694

695

696

697

698

699

700

701

702

703

704

705

706

707

Figure legends

Figure 1. (A-C) C. jejuni load in single or co-infected Light Sussex chickens (Trial 2).
Circle = count per bird (logio). X = average count per treatment group (Iogio). (A)
Caecal contents. (B) Liver. (C) Spleen. (D) Total logio E. tenella oocyst output per
bird (circle) and average per group (X). (E-G) Relationship between C. jejuni load
and E. tenella oocyst output. Solid markers = non-attenuated E. tenella, hollow
markers = attenuated E. tenella. (E) Caecal contents. (F) Liver. (G) Spleen. (Key)
Group identifiers and experimental schedule. nE = non-attenuated E. tenella
Wisconsin, aE = attenuated E. tenella WisF96, C = C. jejuni 81-176. + =
administered. - = not administered, mock control. LD = limit of detection. Groups with

different superscript letters within plot indicate significant statistical differences.
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Table 1. Campylobacter jejuni and Eimeria tenella dose regimes and viable counts from single and co-infection of chickens in Trial

1.
Group®  E. tenella strain C. jejuni Log;o CFU/g Day 21 (three days post C.
(dose; age at dosing) Logio CFU jejuni) Average + SD
(d18) Caeca Liver Spleen
nE+/C+  Wis (4,000; d13) 8.17 9.13+0.19° 2.03+1.22° 1.67+1.51°
aE+/C+  WisF96 (115,000; d15) 8.17 7.55 + 0.62° 2.03+1.23% 1.35 + 1.20°
E-/IC+ None 8.17 6.61+1.77° 291+153% 270+1.71%

nE = non-attenuated E. tenella Wis, aE = attenuated E. tenella WisF96, C = C. jejuni, + = administered, - = not administered. = 8
birds/group. Averages that were significantly different within each column are identified by a different superscript letter (p < 0.05).
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Table 2. Campylobacter jejuni and Eimeria tenella dose regimes and viable counts from single and co-infection of chickens in Trial

3.

Group® E. tenella strain  C. jejuni Logio output  Logio CFU/g (Average + SD)

(dose; age at Logio CFU  oocysts per  Day 217 Day 28°

dosing) (d18) bird Cloacal swab Caeca Liver Spleen
nEh+/C+ Wis (4000; d13) 8.27 7.28 +0.06*° 9.16 +0.51% 8.47 £0.51* 1.99+0.19% 2.42 £ 0.50%
nE+/C+  Wis (400; d13)  8.27 6.75+0.09° 7.64+0.49° 7.05+0.93" 272+0.26® 2.60+0.47
E-/C+ None 8.27 nd 7.56+054° 6.97+1.03" 3.06+032° 3.27+0.82°
nEh+/C-  Wis (4000; d13) Mock 7.28+0.04* nd nd nd nd
NE/C-  Wis (400; d13)  Mock 6.73+0.07° nd nd nd nd
E-/C- None Mock nd nd nd nd nd

nE = non-attenuated E. tenella Wis, C = C. jejuni, h = high dose, | = low dose, + = administered, - = not administered, nd = none

detected. *= 8 birds/group. 2Sampled three days post-C. jejuni inoculation. *Sampled ten days post-C. jejuni inoculation. Averages

that were significantly different within each column are identified by a different superscript letter (p < 0.05). Mock = no bacterial

control.
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Table 3. Transcriptional fold change of cytokines and mucins in caecal tissue collected during Trial 2.

Fold change (+SEM) versus uninfected

Fold change (+SEM) versus C.
jejuni only infected group

Target Gene  nE+/C+ aE+/C+ E-/C+ nE+/C- aE+/C- nE+/C+ aE+/C+
IL-1B 11.887+0.55 11.337+0.71 847 +0.40 10.6 +0.62 11.17 #0.97 1.427+0.06 1.357+0.08
IL-2 11.877+0.88 10.377+1.01  3.07™+0.17 10.037+0.73 7.977+0.79 3.87740.29 3.387+0.33
IL-6 18.867+1.36 20.247+1.15  3.83™+0.20 18.127+1.66 14.377#1.27 |4.9277+0.35 5.287+0.30
IL-10 9.897+0.78  9.06+0.61 2.09™+0.15 8.187#1.13  8.977#0.91 4.747+0.37 4.347+0.29
IL-13 -207+0.003  -16.677+0.004 1.347+0.09 -257+0.004 -16.67"+0.006 | -27.03+0.003 -21.017"+0.003
iINOS 8.727°+0.43  6.337+0.31 4567+0.26 8.737+0.60  5.947+0.32 1.917°+0.09 1.397+0.06
IFNy 34.607+1.84 29.967+1.42  5.027+0.18 35.377+1.54 32.847+1.16 |6.897+0.37 5.967+0.28
MUC2 141 £0.06 L19°:0.05  LO0™:0.04 141 %0.06  L16°:0.04 | L4l 006  L19%:0.06
MUC5ac 3.277+0.23  2.757+0.15 1.22"+0.10 3.167#0.19  2.697+0.15 2.68740.18 2.257+0.12
MUC13 1.837#0.11  1.33™+0.09 1.20™+0.08 1.827#0.06  1.34™+0.07 1.537+0.10 1.11"+0.08
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724  nE = non-attenuated E. tenella Wis, aE = attenuated E. tenella WisF96, C = C. jejuni, + = administered, - = not administered. Fold change data that were
725  significantly different are identified by asterisks (ns = not significant, * p < 0.05, ** p < 0.01, *** p < 0.001). Samples were collected 3 days post C. jejuni
726  challenge.
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