Studies on Salmonella Enterica spp

Isolated From Egg Farm Environment

Vivek Vinayakrao Pande

B.V.Sc. & A.H., M.V.Sc (Pathology), MPhil

A Thesis submitted for the fulfilment of the requirements of

the Doctor of Philosophy

THE UNIVERSITY

o ADELAIDE

School of Animal and Veterinary Sciences
Faculty of Sciences
The University of Adelaide
Adelaide, South Australia, Australia

August 2016



Table of Contents

THESIS ADSIIACT ..ottt e st et e ese e s be et e e st e ereenbeeneeereenne e 4
THESIS DECIATALION ....c.vveivieii ettt se et e e reesreesbeeneesreenne e 6
ACKNOWIEAGEMENES ...ttt et e e e sreesteereesaesneenteeneenreas 7
LiSt OF PUDICAIONS ...ttt bbbt 9
CHAPTER 1 LITERATURE REVIEW ...couiiiiiiiieiiiie ettt sttt sne e 10
S R 1o oo [0 Tox [0 g I (oI 1 ] £ SRR SR 11
1.1.1  Salmonella taxonomy and epidemiology..........ccoouririeierenenenenereeee e 14
1.1.2  Salmonella pathOgeNESIS........ccviiiieiiieie e 15

1.2 Antimicrobial resistance in Salmonella ..., 15
1.2.1  Mode of action of antimicrobial agents ..........ccccceveiieiieciie i 16
1.2.2  Mechanism of antibiotiC reSIStANCe. .........cccceveriiirieieee s 18

1.2.3 Mechanism of antimicrobial resistance in Salmonella to selected classes of

ANTIMICTODIALS ... e 18
1.2.4  Antibiotic resistance in Salmonella from eggs or egg farm...........c.ccecevvvvienenn, 20
1.2.5  Antibiotic use in Australian poultry industry ..........ccccooeviiiiiveie e 22
1.2.6  Antibiotic resistance in Salmonella from Australian poultry industry ............... 23
1.3 Egg contamination and S. Typhimurium infection in laying hens..............ccccccooeni. 23
1.3.1  Mechanism of egg CONtaAMINALION...........cccoveiiiiiinieiee e 24
1.3.2  S. Typhimurium infection in laying hens..........ccocviiiini e, 25

1.3.3  S. Typhimurium outbreaks related to egg and egg products across Australia....30

1.4 SalmMONEHA DIOTIIMS ..ot 42



1.4.1  Control measures against biofilm ..o 43

1.4.2  Salmonella biofilm formation and COMPOSItION ........cccoveiieiiiiiiiiiiseeecee, 44
1.4.3  Identification of biofilm formation based on colony morphology .................... 46
1.4.4  Salmonella biofilm resistance to antimicrobialS............ccccovviiiiininiiiniiiien, 47
1.4.5 Intervention strategies for Salmonella control on farm ............ccccceoevieiviienn, 48
T O T (o = T o3 Uod o LSRR 49
1.5.1  Mechanism of antimicrobial action of organic acids..............ccccvevriiniininienenne, 50
1.5.2  Effects of organic acid on survival and virulence of Salmonella........................ 50
1.5.3  Studies on efficacy of organic acids in POUILIY..........cccceveieneiiiininieeeieee, 51
1.5.4  Use of organic acids against biofilms............ccccooveii i, 53
155  Salmonella acid tolerance response (ATR) ....ccooveveiieiieeieiie e 55
1.6 ODJECtIVES OF tNESIS ...vveieeiicic e 56
O A o (= =1 1= 0SSP 57

CHAPTER 2 ANTIMICROBIAL RESISTANCE OF NON-TYPHOIDAL SALMONELLA ISOLATES

FROM EGG LAYER FLOCKS AND EGG SHELLS ...uuuoi ettt a e e e e e e eeeannn 81

CHAPTER 3 STUDY OF SALMONELLA TYPHIMURIUM INFECTION IN LAYING HENS ........... 92

CHAPTER 4 SALMONELLA ENTERICA ISOLATES FROM LAYER FARM ENVIRONMENTS ARE

ABLE TO FORM BIOFILM ON EGGSHELL SURFACES . .uui it eeteeeeee e e e et e e e e e e reneeennnan s 105

CHAPTER 5 ANTI-BACTERIAL AND ANTI-BIOFILM ACTIVITY OF COMMERCIAL ORGANIC

ACID PRODUCTS AGAINST S. ENTERICA ISOLATES RECOVERED FROM LAYER FARM

| AV TR0 ] N1 1= N TR 121
5.1. AADSTIACT ..ottt 124
5.2. INEEOAUCTION ..ottt e e e e ettt e e e e e e e e e eens 125



5.3. MaterialsS and METNOUS. ... ..ot 128

54. RESUIES. ...t 132
5.5. D oW 5] o] PRSPPSO 133
5.6. RETEIENCES ...ttt ee s 139
CHAPTER 6 GENERAL DISCUSSION AND CONCLUSIONS ...oveviitiiieieiisiesierestesieseesesseseesennens 153



Thesis Abstract

Infection with Salmonella spp is among the most common causes of foodborne outbreaks of
human gastrointestinal disease. Humans acquire Salmonella through the consumption of
contaminated food items, including eggs and undercooked egg products. There are over 2500
Salmonella enterica serovars but globally, Salmonella Enteritidis and Salmonella Typhimurium
are responsible for causing the majority of human disease. S. Enteritidis is, however, not
endemic in Australia; strains of S. Typhimurium have filled this niche and are frequently
isolated during cases of egg related foodborne illness. Over the last decade, cases of
salmonellosis have increased, representing a significant public health issue. The experiments
presented in this thesis were designed to investigate aspects of antimicrobial resistance, layer
hen infection, biofilm forming ability of Salmonella spp on eggshell and the efficacy of organic

acids on controlling Salmonella biofilms.

Antimicrobial resistance was characterised for multiple Salmonella isolated from the layer hen
environment. The majority of Salmonella isolates (91.72%; 133/145) were susceptible to all
antimicrobials tested. This finding indicates that there is minimal public health risk associated

with emergence of antibiotic resistant Salmonella within the Australian layer industry.

An infection trial investigated the ability of S. Typhimurium to colonise reproductive organs
and contaminate developing eggs. Intermittent but persistent faecal shedding of Salmonella
after oral infection was observed for 15 weeks post infection. Further, S. Typhimurium caused
eggshell contamination and colonised the reproductive tissue however, S. Typhimurium was
not isolated from the internal egg contents. These findings indicate that horizontal transmission
through contaminated faeces is the main route of egg contamination with S. Typhimurium in

laying hens.



Biofilm formation was dependent on both temperature and serovar. At ambient temperature,
Salmonella isolates attached and formed biofilm on eggshells however, differences between

strains of Salmonella serovars were evident in eggshell biofilm formation.

The anti-bacterial and anti-biofilm activity of commercial organic acid products against S.
enterica isolates was further investigated. The result of this experiment showed no significant
differences between isolates of representative Salmonella serovars in respect of inhibitory and
bactericidal dilutions of each product. Two out of three commercial organic acid products tested
in this study significantly reduced viable cells from 3 and 5 day old biofilms in a dose and time
dependent manner. None of the tested products completely eliminated biofilm cells under any

of the tested conditions.

In conclusion, the results presented here improve our understanding of the risks of egg
associated S. enterica spp. Knowledge gained from these experiments could contribute to the

development of improved guidelines for food safety and public health in Australia.
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