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SUMMARY 
 

by 

Dr. J.L Goosen 

Supervisor:   Dr. D.B.R. Wandrag 

 

Avian pathogenic Escherichia coli (APEC) as the etiological agent for Colibacillosis 

has extensively been described, with numerous research papers dissecting and 

elaborating on the prevalence and population dynamics of APEC throughout the world. 

The South African landscape however has not been elucidated to the same extent. 

 

In this study, 3025 South African E. coli samples were analysed for the period 2017 – 

2022. Data were also analysed to compare the prevalence of APEC in the United 

States of America (USA) versus South Africa (SA). The USA isolates were all from 

broiler operations, with SA isolates from different operations.   

 

The study investigated the prevalence of APEC in SA, whether population differences 

occur for specific virulence - associated genes (VAGs) between operations, as well as 

the possible differences of virulence - associated gene (VAG) prevalence over time 

(2017 – 2022) within SA.  The data available were also analysed to establish the 

potential difference of VAG prevalence between SA and USA.  The extracted DNA 

was screened by a multiplex PCR for five APEC VAGs (cvaC, iss, iucC, tsh and irp2).  

The pathogenicity of each isolate was determined by comparing the number of genes 

detected in each isolate to a positive control.  Isolates with two or more virulence genes 

were considered APEC positive.   

 

This research provides supporting evidence for the theory that geographical and 

environmental factors influence the genetic diversity and subsequent virulence of 

APEC.  It would therefore suggest that prophylactic measures would need to be 

tailored to regional needs as required by each operation for a specific period in time.  
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CHAPTER 1: BACKGROUND 
 

1.1 General Introduction 
 

According to the United Nations’ department of economic and social affairs the world 

population was projected to peak at 8 billion people in November of 2022.  Population 

growth is set to continue, all be it at a reduced pace and is estimated to reach 10.4 

billion in 2100.  A large proportion of this population increase will be seen in Africa as 

life expectancy increases and fertility rates remain high (UN, 2022).  

 

Poultry meat consumption worldwide has seen a double-digit growth increase and is 

expected to form 47% of total protein consumed globally in 2031 (OECD - FAO, 2022). 

The South African poultry industry, according to an industry profile drafted by the 

South African Poultry Association (SAPA) in 2020, contributed 18% to the South 

African total gross product, with 110 000 people either directly or indirectly employed 

by the industry.  Seventy four percent of all birds were used for meat production and 

26% for egg production.  The per capita consumption of poultry meat and eggs for 

South Africa in 2020 was 38.93kg and 9.29kg respectively, which included backyard 

poultry consumption (SAPA, 2020).  

 

Consumer demand is currently driven by lower living standards measure (LSM) groups 

in search of more affordable poultry meat.  The more health conscious, higher LSM 

markets in contrast are pushing for higher quality and improved welfare standards 

placing pressure on both sides of the bell curve (OECD - FAO, 2022).  The Covid19 

pandemic and the recent war in Ukraine have had a severe impact on the supply and 

logistic sectors, and have once again emphasised the importance of self-sufficiency 

(UF, 2023).  Africa and closer to home, Southern Africa, will be hard pressed to ensure 

sustainable food supply for its ever-growing population.  Production efficiency, flock 

health and welfare will need to be at an optimal level to meet the growing demand and 

remain commercially viable. 
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As production systems aim to become more cost competitive, early detection of 

pathogens, finding the root cause and the ability to treat specific flocks with success 

will increasingly become more relevant.  Future success of poultry production will rely 

heavily on consumer confidence and will inevitably become progressively more 

focused on healthy nutritious animal protein.  The future increased demand in poultry 

meat and eggs will undoubtably add pressure on quality systems, requiring decisive 

actions to ensure the highest quality products that are free from foodborne pathogens.  

 

1.2 Literature review 
 

1.2.1 Introduction to Escherichia coli  
 

Escherichia coli (E.coli) as part of the Enterobacteriaceae family, is a non-spore 

forming, gram negative, rod - shaped, mostly flagellated, facultative anaerobe.  The 

bacteria was first discovered by Theodor Escherich in 1885 and today, it is one of the 

best studied organisms and utilised as a model bacterium (Lim et al., 2010).  E.coli 

can be a commensal or a pathogen in nature and forms part of the normal gut 

microbiota.  E.coli can act as an opportunistic pathogen in a compromised host, 

crossing the epithelial barrier and inevitably cause infection.  Pathogenic E.coli can 

generally be considered to be either diarrhoeal or extraintestinal pathogenic E.coli 

(ExPEC) (Leimbach et al., 2013).   

 

1.2.2 Avian pathogenic Escherichia coli defined 
 

The focus of this dissertation is on the ExPEC pathovar, avian pathogenic Escherichia 

coli (APEC) as the primary causative agent of the poultry disease, colibacillosis (Dho-

Moulin and Fairbrother, 1999).  This syndromic disease is endemic across the world, 

impacting all poultry production systems (Apostolakos et al., 2021; Shah et al., 2021).  

The South African poultry industry is not unique in this sense as they too experience 

high losses due to colibacillosis.  APEC negatively affects production parameters by 

causing increased mortality and feed conversion, decreased growth rates, suboptimal 
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hatchability and condemnations at plant level (Dho-Moulin and Fairbrother, 1999; 

Krishnegowda et al., 2022). 

 

The most important routes of APEC infection are thought to be the respiratory as well 

as the intestinal systems.  Compromised epithelial tissue allows pathogens free entry 

into the bloodstream (Antão, 2008; Kemmett, 2013).  Other potential routes of infection 

such as cutaneous abrasions could also allow APEC to enter and cause pathology 

(Kromann, 2022).  Vertical introduction of APEC from parent to progeny will lead to 

infection of day old chicks, as confirmed by Giovanardi et al. in 2005.  Breeder hens 

with salpingitis may lead to in ovo infection which will inevitably present as omphalitis, 

further complicated in many cases by septicaemia.  Hatchery hygiene undoubtably 

also plays an extremely important role in the transmission of bacterial infections in day 

old chicks (Olsen et al., 2012). 

 

APEC isolates generally belong to specific serogroups, namely O1, O2 and O78, as 

well as to a limited number of clones (Dho-Moulin and Fairbrother, 1999).  A multitude 

of different virulent genes (VG) have been identified that could possibly contribute to 

the pathogenicity of APEC (Ewers et al., 2004; Johnson et al., 2008a; Ling et al., 2013; 

Mageiros et al., 2021; Mora et al., 2009; Rodriguez-Siek et al., 2005a; Skyberg J. A., 

2003).  The virulence - associated genes (VAGs) of chromosomal as well as plasmid 

origin assist and allow APEC colonisation and inevitably infection to occur in 

extraintestinal locations.  The adhesion of the APEC pathogen is seen as the first step 

of its pathogenesis.  Autotransporter proteins that ensure adhesion and invasion of 

APEC are encoded by VAGs such as the temperature sensitive haemagglutinin (tsh) 

gene of plasmid CoIV (Dozois, 2000).  Once it has crossed the epithelial barrier it 

becomes important for the APEC pathogen to evade the immune system. The 

increased serum survival gene (iss) of chromosomal or ColV plasmid origin is one of 

the genes identified that aids in the existence or survival of the pathogen (Horne et al., 

2000; Awarded, 2017).  Various cytotoxins are produced by APEC bacteria.  The VAG 

cvaC of ColV plasmid origin is one such gene that encodes for the cytotoxin microcin 

ColV, first discovered by Fantinatti et al. (1994) and by Parreira and Yano (1998).  Iron 

acquisition is critical for most metabolic pathways, with VAGs irp2 of chromosomal 
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origin and iucC of ColV plasmid origin, two of the genes responsible for the iron 

transport and aerobactin iron sequestering system, respectively (Kemmett, 2013; 

Janben et al., 2001).  Several other VAGs exist and are continually being added, 

further enhancing our understanding of the pathogenicity of APEC.  In this study APEC 

was defined using specific virulent genes (VG) previously described.   

 

1.2.3 Classification of APEC 
 

APEC population virulence in South Africa remains poorly defined despite numerous 

publications describing its prevalence across the world.  The characterisation of APEC 

has further been complicated by the fact that no single molecular test is able to 

completely characterise APEC in its entirety.  A number of different methods exist that 

can be utilised to classify E. coli.  The following include but not limited to; phylogenetic 

typing, serological classification, enterobacterial repetitive intergenic consensus 

(ERIC), multi-locus sequence typing (MLST), randomly amplified polymorphic DNA 

(RAPD), whole genome sequence (WGS) and virulence genes (VG) (Awawdeh, 2017; 

Salehi et al., 2008).  Each of these methods described,  maintain their own particular 

strengths and weaknesses (Kemmett, 2013).   

 

Serological and bacteriological methods are not sensitive enough to differentiate all 

bacterial isolates. Molecular differentiation of different E. coli strains may aid in 

distinguishing between the strains that are specifically pathogenic and can be used for 

epidemiological research (Salehi et al., 2008). 

 

RAPD is a molecular technique that can be used as a DNA fingerprinting method to 

determine the diversity of APEC isolates.  The advantages are that it is a simple, quick, 

easy and cost effective assay.  Additionally, a low quantity of template DNA is needed 

and no sequence data for primer construction are required.  One of the main 

disadvantages of RAPD is their low reproducibility.  RAPD analysis require purified, 

high molecular weight DNA and precautions are needed to avoid contamination of 

DNA samples (Salehi et al., 2008). 
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It remains difficult to compare the various studies, as there is no specific definition of 

APEC based on any unique set of VAGs (Awawdeh, 2017).  A study by Collingwood 

et al., 2014, further questions whether APEC isolated from infected chickens 

diagnosed with colibacillosis, harbours any VAGs.  At present there is no literature that 

define APEC as harbouring 2 genes or more, however, collectively the literature states 

that APEC is a diverse group of ExPEC which can survive outside the intestinal tract.  

A study by (Skyberg J. A., 2003) however, concluded that the majority of faecal 

isolates from presumably healthy birds carried no more than one virulent gene.  In this 

study two or more virulence - associated genes were used to describe APEC isolated 

from presumably healthy birds.  Five specific VAGs (cvaC, iss, iucC, tsh and irp2) were 

used to characterise APEC prevalence in SA and USA.  

  

1.2.4 APEC associated genes 
 

A study by (Rodriguez-Siek et al., 2005a) highlighted the diversity and indicates the 

prevalence of 38 different VAGs obtained from chicken species in the USA.  The APEC 

isolates showed a high prevalence of the following VAGs; iucC (74.3%), cvaC (63.4%), 

iss (84.9%), tsh (56.9%), and irp2 (58.8%).  Other VAGs found in abundance were 

omp (70.6%), feoB (99.0%), fimH (98.3%), traT (73.6%), sitA (84.9%) to name a few.  

Another study performed in the USA conducted by (Johnson et al.(2008a) identified 

five VAGs (iutA, iss, ompT, iroN and hlyF) that were linked to APEC isolates.  A study 

conducted by Van der Westhuizen and Bragg, in 2012 found a higher virulence gene 

prevalence in South African diseased chicken samples, compared to Zimbabwean 

chicken samples.  Mbanga and Nyararai  performed a study in 2015 on samples 

collected in Zimbabwe. It focused on the virulence profile of APEC isolated from 

confirmed cases with colibacillosis.  The most prevalent genes in this case were found 

to be iutA (80%), fimH (33.3%) and hlyF (24.4%).  Very little research has since been 

conducted in this field in Southern Africa, let alone South Africa.  

 

 

 



6 
 

1.2.5 Factors affecting the prevalence of APEC 
 

The diversity of the APEC pathotypes described permits one to question whether 

geographical differences are associated with APEC virulence prevalence (Lozica et 

al., 2021b; Xuhua et al., 2021).  This then also forms the premise of the study as 

populations are exposed to different environmental systems, feed programs, selection 

programs, medication and vaccination strategies that could potentially alter the avian 

pathogenic virulence population (Grakh et al., 2022; Li et al., 2021; Lozica et al., 

2021a).  

 

In addition to the above mentioned, it is also suspected that APEC prevalence and 

specific virulent genes could be influenced by the differences between operations. 

Christensen et al., suggested in 2021 that a high degree of vertical transmission of 

virulence factors from parent to progeny farms could occur.  Furthermore, horizontal 

gene transfer was also seen to contribute to the spread of pathogenicity (Ewers et al., 

2004; Mageiros et al., 2021).  It is known that medication and vaccination strategies 

differ between operations.  Longer lived birds as an example are exposed to intensified 

immunisation programs during the rearing and laying period (Gottstein et al., 2019). 

Broiler vaccination programs in South Africa are usually focused on the most 

predominant respiratory and immunosuppressive viral infections such as Newcastle 

disease, Infectious bronchitis virus and Infectious bursal disease (MSD, 2023).  In 

terms of medication, broiler populations are generally exposed to a range of different 

coccidiostats during the grow out period.  Breeder and layer populations in contrast 

generally do not get exposed to coccidiostats.  When we turn to antibiotic growth 

promoter usage, we also find differences between countries and operations.  South 

Africa, unlike many other countries, are still allowed to include antibiotic growth 

promoters in poultry rations and it is thus found in most broiler poultry rations in South 

Africa.  The inclusion of antibiotic growth promoters modulate and promote intestinal 

gut health, enhancing and improving performance parameters such as feed 

conversion, average daily gain and term mortality (Kleyn, 2014 ).  The modulation and 

promotion of certain bacterial populations could potentially increase selection pressure 

on these populations to undergo change (Danzeisen et al., 2011).   

 



7 
 

Cleaning and disinfection mostly only occur at the end of the rearing or laying cycle 

and is in stark contrast to most broiler farms in South Africa which operate on a 42 to 

45-day turnaround.  Substandard biosecurity practices could potentially add to 

increasing microbial load, impacting on the APEC population (Awawdeh et al., 2022; 

Lutful Kabir, 2010).  The fact remains, biosecurity practices differ between broiler, 

breeder and layer operations in South Africa.  Variability in APEC population could 

potentially be influenced by the differences experienced between the various 

operations.  

 

The zoonotic potential of APEC and the risk to human life cannot be underestimated. 

Several studies have indicated that human isolates express virulence factors similar 

to those identified in poultry strains, implying that specific isolates could be acquired 

from poultry (Ewers et al., 2005; Jeong et al., 2021; Liu et al., 2018; Mitchell et al., 

2015; Rodriguez-Siek et al., 2005b; Subhashinie and Han, 2019; Zhuge et al., 2021).  

It therefore becomes even more important for extensive research to be conducted to 

better understand the prevalence and the potentially ever evolving genetic makeup of 

APEC in South Africa.   
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CHAPTER 2: HYPOTHESIS 
 

2.1 Problem statement 
 

The analysis aimed to add new insight to South Africa’s APEC virulence prevalence, 

potential differences in APEC populations in broiler, breeder and layer operations and 

attempted to show a potential population shift over time.  The study further compared 

APEC virulence - associated gene prevalence between South Africa and United States 

of America.  

 

2.2 Hypothesis 
 

2.2.1 There is a prevalence of APEC and its virulence genes in SA for the period 

2017 – 2022. 

2.2.2 There is a difference in APEC prevalence and its virulence factors between 

various poultry operations in SA for the period 2017 - 2022. 

2.2.3 There is a population shift in APEC prevalence and its virulence factors in SA 

for the period 2017 – 2022. 

2.2.4 There is a difference in APEC virulence gene prevalence in SA for the period 

2018 – 2019 & 2022 compared to the USA in 2016.  

 

2.3 Objectives  
 

The objective is to characterise APEC in SA by analysing historical and current data 

generated from intestinal samples. The first objective is to determine the prevalence 

of APEC and its virulence factors ;  cvaC, iss, iucC, tsh and irp2. The second objective 

is to determine whether there is a difference in APEC prevalence and its various 

virulence factors between poultry operations in SA. The third objective is to determine 

if a population shift has taken place over time. Lastly to determine the prevalence of 

APEC in SA in comparison to USA, specifically focusing on broiler data.   
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CHAPTER 3: MATERIALS AND METHODS 
 

3.1 Sample collection  
 

Samples were collected from presumably healthy birds by a Chemunique 

representative.  The gastrointestinal tract (GIT) of each chicken from the gizzard 

through to the rectum was ligated and excised using sterile technique.  These samples 

were immediately placed in a sterile Whirl-Pak® bag containing 10 ml of sterile saline 

and cooled on ice.  Samples were then sent to Intertek testing laboratory (T0627) in 

South Africa for E.coli isolation and further processing.  

 

3.2 Isolation of E. coli 
 

The dataset ultimately comprised of isolates and flinders technology associates (FTA) 

card samples that were collected between 2016 and 2022.  The South African samples 

were collected between 2017- 2022 and consisted of 3025 samples.   

 

Table 13: Number of E.coli samples collected per operation in SA over time (2017 - 
2022) 

 

Number of E.coli samples collected per operation in SA over time (2017 - 2022)  

Operations Sample number 

DOC 386 

Broiler  690 

Breeder pullet 380 

Breeder layer 1202 

Layer pullet 314 

Layer breeder 53 
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Table 14: Number of E.coli samples collected over time (2017 - 2022) 

 

Number of E.coli samples collected over time (2017 - 2022)  

Year 2017 2018 2019 2020 2021 2022 

Sample number 80 190 567 115 930 1143 
 

 

Data analysed to compare the prevalence of APEC in the United States of America 

(USA) versus South Africa (SA) comprised of E.coli isolates, with 774 USA isolates 

collected in 2016 and 209 SA isolates collected between 2018 – 2019 and 2022.  The 

USA isolates were all from broiler operations, with SA isolates from different 

operations.  Each sample set yielded results of the five virulent genes used for APEC 

determination. 

 

For each intestinal tract, the ascending portion of the duodenal loop, the ileum and 20 

cm of the jejunum surrounding the Meckel’s diverticulum were isolated and rinsed with 

sterile peptone solution to remove the contents.  All sections were opened 

longitudinally to expose the mucosal surface and placed in a Whirl-Pak® bag.  The 

weight of each GIT was recorded.  Each GIT was homogenised using sterile peptone 

solution and subsequently serially diluted before being plated onto E.coli selective 

agar (CHROM agar, CHROMagar LTD, Paris, France).  Plates were incubated under 

aerobic conditions at 37°C for 24 hours.  After this time, up to 5 representative E. coli 

colonies were picked from each GIT sample for further analysis.  

 

3.3 FTA card preparation 
 

Each of the colonies isolated above were picked from agar and re-suspended in 25 µl 

of DNAzol® Reagent.  The 25 µl of DNAzol® Reagent containing the bacterial 

suspension was then applied to the Indicating FTA® Classic Card (GE Healthcare Life 

Sciences Pittsburgh, USA).  Samples were allowed to dry for at least one hour at room 
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temperature, after which the FTA cards were sent to DuPont Experimental station, 

Wilmington (permit number 136187, E353/010) in the United States.  

 

3.4 DNA Recovery 
 

Whatman Harris Micro Punch (GE Healthcare Life Sciences Pittsburgh, USA) was 

used to obtain a 2 mm punch from each FTA card isolate and placed in a 96 well block.  

The Micro-punch was sterilized with ethanol between punches.  The Whatman FTA 

Elute procedure was followed, where DNA was eluted in Macharey-Nagel BE buffer 

740306.100 to a final volume of 25 μl and stored at 4oC until further analysis.  

 

3.5 Polymerase chain reaction (PCR) analysis 
 

The conventional multiplex PCR used in this study, stems from work done by (Skyberg 

J. A., 2003).  The irp2 gene was later added as a target for testing by Waukesha and 

confirmed by research performed by Ewers et al., (2005) and Janben et al.,( 2001).  

Published multiplex PCR protocol was used to detect presence of putative virulence-

linked gene loci colicin ColV operon (cvaC), increased serum survival (iss), aerobactin 

iron sequestering system (iucC), temperature sensitive haemagglutinin (tsh) and iron-

repressible protein (irp2) in collected DNA samples and controls.  The pathogenicity 

of each isolate was determined by comparing the number of genes detected in each 

isolate to a positive control.  Isolates with two ≥ virulence genes were considered 

APEC positive.  The PCR product was electrophoresed on Qiagen QIAxcel Advanced. 
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Table 15: APEC gel conditions used in virulent gene analysis 

 

 

1 

 
1 kV – kilovolt, sec – seconds, WP & WI – Wash buffers,  M1 – Marker,  Buf – Run 
buffer  

Method
DM150

Action Voltage Duration Position 
Purge 0.00kV 10 sec WP
Inject 0.00kV 0 sec WI
Inject 10.00kV 10 sec M1
Inject 0.00kV 0 sec WI
Sample inject 10.00kV 10 sec None
Inject 0.00kV 0 sec WI
Inject 0.00kV 0 sec WI
Separate 10.00kV 150 sec Buf
Purge 0.00kV 5 sec WP

Cartridge Type
DNA Fast Analysis

Method definition 
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Figure 1: APEC cycler conditions. 

2 

 

 

 

 

 

 

 

 

 
2  Temperature in centigrade – 0C; Min – minutes ; Sec – Seconds; inf – Infinite hold; 
25x – 25 cycles of the indicated temperatures.  

94 0C

4 min
72 0C

10:00 min
59 0C

:30 sec

Inf

94 0C

:30 sec

25x

4 min

03:00

63 0C
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Table 16: Primers used for detection and amplicons of virulence - associated genes 

and the generated amplicon sizes. 

 

Gene Protein Primer Amplicon (bp) 

Iss 
Increased serum 

survival 

5’-GTGGCGAAAACTAGTAAAACAGC-3’ 

3’-CGCCTCGGGGTGGATAA-5’ 
760 

iucC 
Aerobactin iron 

sequestering 

system 

5’-CGCCGTGGCTGGGGTAAG-3’ 

3’-CAGCCGGTTCACCAAGTATCACTG-5’ 
541 

Tsh 
Temperature 

sensitive 

haemagglutinin 

5’-GGGAAATGACCTGAATGCTGG-3’ 

3’-CCGCTCATCAGTCAGTACCAC-5’ 
420 

cvaC Colicin ColV operon 
5’-GGGCCTCCTACCCTTCACTCTTG-3’ 

3’-ACGCCCTGAAGCACCACCAGAA-5’ 
366 

irp2 Iron transport 
5’-AAGGATTCGCTGTTACCGGAC-3’ 

3’-TCGTCGGGCAGCGTTTCTTCT-5’ 
413 

 

(Dozois et al., 1992; Ewers et al., 2005; Horne et al., 2000; Janben et al., 2001; Maurer 

et al., 1998; Rodriguez-Siek et al., 2005a; Skyberg J. A., 2003) 

 

 
 
 



15 
 

3.6 Diversity assessment 
 

RAPD PCR was used as a DNA fingerprinting method to determine the diversity of 

APEC isolates.  PCR amplifications were carried out in 25 μl volumes using Ready-to-

Go RAPD Beads (Amersham Biosciences, Buckinghamshire, England). Primer 2 

(5’d[GTTTCGCTCC]-3’) was used for RAPD PCR analysis, and the PCR amplification 

program was conducted as per manufacturer’s protocol.  Amplifications products were 

resolved using QIAxcel Advanced capillary gel electrophoresis system using a DNA 

screening gel with the following electrophoresis conditions:  

 

Table 17: RAPD gel conditions used for analysis 

 

 

3 

 
3 Kv – kilovolt, sec – seconds, WP & WI – Wash buffers,  M1 – Marker,  Buf – Run 
buffer 

Method
*AM 320

Action Voltage Duration Position 
Purge 0.00kV 10 sec WP
Inject 0.00kV 0 sec WI
Inject 4.00kV 20 sec M1
Inject 0.00kV 0 sec WI
Sample inject 5.00kV 10 sec None
Inject 0.00kV 0 sec WI
Inject 0.00kV 0 sec WI
Inject 0.00kV 0 sec WI
Inject 0.00kV 0 sec WI
Inject 0.00kV 0 sec WI
Inject 0.00kV 0 sec WI
Separate 6.00kV 320 sec Buf
Purge 0.00kV 5 sec WP

Cartridge Type
DNA Screening

Method definition 
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Amplification products were determined using Qiaxcel Bio calculator V3.2 software 

and according to the manufacturer procedure using marker size 15bp-5000bp 

(Qiagen, USA).  Data were exported to Bionumerics software (Applied Maths Inc., 

Austin, TX).  RAPD profiles were analysed and compared using unweighted pair group 

method, arithmetic averages, and Dice similarity coefficient. 

 

3.7 Statistical analysis 
 

Data were analyzed with John’s Macintosh project (JMP) 15.0 (Statistical analysis 

software (SAS) Institute, Concentrated Area of Relocated Yankees (CARY), North 

Carolina (NC)) using one-way analysis of variance (ANOVA) when data was 

continuous to determine effect of location and operation and year with block (sample 

type) included as a random effect.  When the model was significant, means were 

separated using a protected Tukey Honestly Significant Difference (HSD) (Tukey, 

1949) and significance was defined as P ≤ 0.05.  The categorical dataset was 

analyzed using a Rao-Scott chi-square (Lavassani et al., 2009).  Means were 

separated using a Pearson pairs test (P ≤ 0.05). 
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CHAPTER 4: RESULTS  
 

4.1 Prevalence of APEC in South Africa for the period of 2017 - 2022 
 

A total of 3025 isolates were analysed to establish the prevalence of APEC in South 

Africa.  As indicated in Table 6, the majority of the isolates for the period 2017 to 2022 

can be classified as non-pathogenic, with 58.8% (n=1780) regarded as non - APEC 

and  41.2% (n=1245) as APEC. 

 

Table 18: APEC prevalence in South Africa for the period of 2017 – 2022. (APEC 

positive depicted as 1, APEC negative depicted as 0). 

 

 

 

4.1.1 APEC gene percentage in South Africa  
 

When analysing the percentage genes within the South African dataset one can clearly 

see that a high number of isolates, 40.3% (n=1219), tested negative for all five 

virulence genes and would therefore be regarded as non - APEC.  Only 18.5% (n=561) 

of the isolates only had one virulence gene detected and, in this case, would form part 

of the non - APEC group.  Isolates with two or more virulence - associated genes 

(VAGs) were regarded as APEC positive; 17.3% (n=522) had 2, 11.5% (n=348) had 

3, 8.9% (n=270) had at least four and only 3.5% (n=105) isolates had five of the virulent 

associated genes that were targeted by the multiplex PCR.  
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Table 19:  APEC gene percentage in South Africa for the period of 2017- 2022. (0 - 5 

indicating number of VAGs). 

 

 

 

 

 

Figure 2: APEC gene percentage in South Africa for the period of 2017-2022. (0 – 5 

indicating number of VAGs). 

 

4.1.2 APEC gene expression in South Africa  
 

The virulence genes cvaC had the highest detection rate with 39.20% (n=1186) of the 

isolates testing positive for this specific gene.  Tsh had the lowest detection frequency 

with only 22.8% (n=691) of the isolates testing positive.  VAGs iss, iucC and irp2 also 

had low positive detection rates at 25.80% (n=780), 29.50% (n=893) and 23.30% 

(n=707) respectively.  
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Table 20: APEC virulence gene (VAG) frequency identified in South Africa for the 

period of 2017 - 2022. (VAG positive depicted as 1, VAG negative depicted as 0). 
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4.2 APEC in South Africa per operation for the period of 2017 - 2022 
 

As can be seen in Table 9, 64.3% (n=773) group A / Breeder Layer isolates were found 

to be non - APEC and statistically different to groups C / Broiler, D / DOC, E / Layer 

Breeder and F / Layer Pullet.  A further 35.7% (n=429) of the isolates were APEC 

positive and statistically higher compared to group B / Breeder Pullets.  Group B / 

Breeder Pullets showed an even stronger shift towards non - APEC, with 80.0% 

(n=304) non - APEC, statistically significant difference to all other groups.  A low 

number 20.0% (n=76) of APEC positives were noted in this group.  The DOC category 

interestingly showed a completely different picture with 59.8% (n=231) classified as 

APEC positive, with statistically significant difference to groups A / Breeder Layer, B / 

Breeder Pullet, C / Broiler and F / Layer Pullet.  Broiler isolates collected from birds 

close to slaughter age again come through strong with 45.7% (n=315) APEC positives, 

statistically different to groups A / Breeder Layer and B / Breeder Pullet and 54.3% 

(n=375) non - APEC isolates, statistically different to groups D / DOC and E / Layer 

Breeder.    

 

On the table egg side of the industry, most of the Layer Breeders isolates were APEC 

positive with 69.8% (n=37) and statistically different to A / Breeder Layer, B / Breeder 

Pullet, C / Broiler and F / Layer Pullet. Layer Pullet isolates were equally distributed 

with 50.0% (n=157) APEC positive, statistically different to groups D / DOC and E / 

Layer Breeder and 50.0% (n=157) non - APEC, statistically different to groups A / 

Breeder Layer and B / Breeder Pullet.  
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Table 21:  APEC vs non - APEC in South Africa by operation for the period of 2017 – 

2022.  

 

 
4 

 

 

 

 

 

 
4 Breeder Layer (Broiler breeder), Breeder Pullet (Broiler breeder rearing), Broiler, 
Broiler day old chick (DOC), Layer Breeder (Layer parent) and Layer Pullet (Layer 
rearing). APEC positive depicted as 1, APEC negative depicted as 0.  Letter depicted 
in a category indicates significant difference from that group.  Statistical difference (P 
< 0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 

773 429
64.30% 35.70%
C,D,E,F B

304 76
80.00% 20%

A,C,D,E,F
375 315

54.30% 45.70%
D,E A,B
155 231

40.20% 59.80%
A,B,C,F

16 37
30.20% 69.80%

* A,B,C,F*
157 157

50.00% 50.00%
D,E A,B

386

53

314

A

B

C

D

E

F

Operations

1202

380

690

Breeder Layer

Breeder Pullet

Broiler

DOC

Layer Breeder

Layer Pullet

Frequency 
Share

Comparisons

APEC / NO
Total 

Responses
10
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4.2.1 APEC gene percentage in South Africa per operation  
 

As indicated in Table 10, Group B / Breeder pullet had the highest frequency of non - 

APEC detections with 64.5% (n=245) and were statistically different to all other groups. 

Group A / Breeder layers also had a high percentage of non - APEC gene detections 

with 51.9% (n=624) and were statistically different to all groups except for group B / 

Breeder pullet.  VAGs groups 2, 3 and 5 had statistically higher detection frequencies 

compared to group B / Breeder Pullet.   

 

Group C / Broilers had the highest frequency (6.2% (n=86)) of isolates testing positive 

for all five APEC genes and were statistically different to groups A / Breeder Layer and 

B / Breeder Pullet.  Group C / Broilers also then had the highest number of isolates 

(22.2% (n=307)) with four or more VAGs and were statistically different to all other 

groups.  This group was similar to group E / Layer Breeder and had a higher 

percentage of isolates that tested positive for 3 and more VAGs and were significantly 

different to other groups.  Group C / Broiler isolates (22.3% (n=309)) had two or more 

VAGs and were statistically different to groups A / Breeder Layer and B / Breeder 

Pullet.   

 

Group D / DOC (11.9% (n=46)) like group F / Layer Pullet (12.4% (n=39)) had a high 

percentage of isolates testing positive for 4 or more of the VAGs and were statistically 

different to groups A / Breeder Layer, B / Breeder Pullet and E / Layer Breeder.  Group 

D / DOC had 30.6% (n=118) isolates that tested positive for two or more of the VAGs 

and were significantly different to groups A / Breeder Layer, B / Breeder Pullet, C / 

Broiler and F / Layer Pullet. Group D / DOC VAG groups 3 and 5 were statistically 

different to group B / Breeder Pullet with 13% (n=50) and 4.4% (n=17) detections 

compared to 7.1% (n=27) and 1.8% (n=7) respectively.  Group D / DOC (22.5% 

(n=87)) had 0 positive APEC genes and were statistically different to group C / Broiler 

and E / Layer Breeder.  This group had 17.6% (n=68) isolates with at least one VAG 

and were statistically different to group A / Breeder Layer and C / Broiler.   
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Group E / Layer Breeder had the highest percentage of isolates that tested positive 

for gene percentage groups with 2 and 3 or more VAGs and were significantly different 

to groups A / Breeder Layer, B / Breeder Pullet, C / Broiler and F / Layer Pullet. 

 

Group F / Layer Pullet had 30.9% (n=97) of the isolates that tested positive for one or 

more of the VAGs and was found to be statistically different to all groups except group 

E / Layer Breeder.  This group had 20.7% (n=65) of isolates that were positive for two 

or more VAGs and were statistically different to groups A / Breeder Layer and B / 

Breeder Pullet.  It was also found that 12.7% (n=40) of isolates had three or more 

VAGs and were statistically different to group B / Breeder Pullet.  Group F / Layer 

Pullet had 12.4% (n=39) of the isolates that contained 4 or more VAGs and was 

statistically different to groups A / Breeder Layer, B / Breeder Pullet and E / Layer 

Breeder.  This group then also had 19.1% (n=60) of the isolates with 0 VAG and was 

found to be statistically different to group C / Broiler.  
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Table 22:  APEC gene percentage in South Africa per operation for the period of 2017 

– 2022.  

 

 
5 

 
5 Breeder Layer (Broiler breeder), Breeder Pullet (Broiler breeder rearing), Broiler, 
Broiler day old chick (DOC), Layer Breeder (Layer parent) and Layer Pullet (Layer 
rearing).  Number of positive VAGs indicated as 0 – 5.  Letter depicted in a category 
indicates significant difference from that group.  Statistical difference (P < 0.05) shown 
as uppercase alpha level, statistical difference (P < 0.1) shown as lower case alpha 
level.  Base count warning (100) indicated as *, Base count minimum (30) indicated 
as **. 

624 149 179 131 64 55
51.90% 12.40% 14.90% 10.90% 5.30% 4.60%
C,D,E,F B B B

245 59 25 27 17 7
64.50% 15.50% 6.60% 7.10% 4.50% 1.80%

A,C,D,E,F
198 180 309 306 307 86

14.30% 13.00% 22.30% 22.10% 22.20% 6.20%
A,B A,B,D,F A,B,D,E,F a,B

87 68 118 50 46 17
22.50% 17.60% 30.60% 13.00% 11.90% 4.40%

C,e A,C A,B,C,F B A,B,E b
6 10 21 15 0 1

11.30% 18.90% 39.60% 28.30% 0.00% 1.90%
* * A,B,C,F* A,B,D,F* * *

60 97 65 40 39 13
19.10% 30.90% 20.70% 12.70% 12.40% 4.10%

C A,B,C,D A,B B A,B,E
Layer Pullet F 314

2 3 4 5

DOC D 386

Layer Breeder E 53

Operations

Breeder Layer A 1202

Breeder Pullet B 380

Broiler C 1386

Frequency GENE  %
Share

0 1
Total 

ResponsesComparisons
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Figure 3: APEC gene percentage in South Africa per operation for the period of 2017 

- 2022. Number of positive VAGs indicated as 0 – 5. 
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As per Table 11 the percentage positive APEC genes for the Breeder Pullet group was 

significantly different to all other groups.  The Breeder layer group was seen to be 

significantly different to all groups except for the Broiler group.  No significant 

difference was detected between DOC and Layer Breeder groups as well as between 

Layer Breeder and Layer Pullet groups. 

 

Table 23: APEC gene percentage in South Africa per operation for the period of 2017 

– 2022. (Operations not connected by the same letter are significantly different)  

 

 

 

4.2.2 APEC gene expression per operation in South Africa  
 

As per Table 12(a), groups E / Layer Breeder (47.2% (n=25)) and F / Layer Pullet 

(47.1% (n=148)) had statistically higher tsh VAG positive detections compared to other 

groups. Groups A / Breeder Layer and B / Breeder Pullet in contrast had significantly 

less positive tsh detections with 84.9% (n=1021) and 86.8% (n=330) testing negative.  

These two groups were statistically different in terms of negative detection rates 
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compared to the rest of the groups.  Group C / Broiler also had a majority testing 

negative (70% (n=483)) for the tsh VAG, statistically different to groups E / Layer 

Breeder and F / Layer Pullet.  This group had a 30% positive testing frequency, 

statistically different to groups A / Breeder Layer, B /Breeder Pullet and D / DOC.  

Group D / DOC saw an increase in negative detections at 79.3% (n=300), statistically 

different to groups C / Broiler, E / Layer Breeder and F / Layer Pullet. This group had 

20.7% (n=80) positive detections of the tsh gene and were statistically different to 

groups A / Breeder Layer & B / Breeder Pullet.  

 

Group E / Layer Breeder, statistically, had the highest detection rate of VAG cvaC 

according to table 12(b).  This group had 81.1% (n=43) positives, significantly higher 

than all other groups.  Group D / DOC had the second highest detection of the cvaC 

gene with 60.4% (n=233), statistically different to groups A / Breeder Layer, B / 

Breeder Pullet, C / Broiler and F /Layer Pullet.  The negative detections (39.6% 

(n=153)) were statistically higher than group E / Layer Breeder.  Group B / Breeder 

Pullet had the least amount of positive cvaC gene detections.  The number of negative 

detections in this group was statistically different to all other groups.  Group A / Breeder 

Layers also had a significantly high number (64.2% (n=772) negative detections, 

statistically different to C / Broiler, D / DOC, E / Layer Breeder and F / Layer Pullet. 

Group A / Breeders Layers had a statistically higher number of positive detections 

(35.8% (n=430)) in comparison to Group B / Breeder Pullets with 15.3% (n=58). Group 

C / Broiler positives (58.7% (n=405)) were statistically higher than group A / Breeder 

Layers and B / Breeder Pullets.  The negative detection rate (41.3% (n=205)) was 

statistically different to groups D / DOC and E / Layer Breeder. 

 

Group E / Layer Breeder had the highest detection (41.5% (n=22)) of Irp2 VAG, 

statistically different to all other groups.  Group D / DOC had the highest negative 

detection rate at 86.8% (n=335), statistically different from all other groups.  Group C 

/ Broiler had the second highest detection rate at 30.0% (n=207), statistically different 

to groups A / Breeder Layer, B / Breeder Pullet and D / DOC.  The negatives in this 

group was statistically different from group E / Layer Breeders. Groups A / Breeder 

Layer and B / Breeder Pullet had high number of negatives, with 78.5% (n=943) and  
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78.9% (n=300) respectively and were significantly different to groups C / Broiler, E / 

Layer Breeder and F / Layer Pullet.  The positive detections for group A / Breeder 

Layer (21.5% (n=259)) and Breeder Pullet (21.1% (n=80)) were statistically different 

to group D / DOC.  

 

Group D / DOC had the highest positive detection rate for iucC VAG at 49.7% (n=192), 

significantly different to all other groups.  Group F / Layer Pullet also had a high 

detection rate with 41.7% (n=131) positives, significantly higher than groups A / 

Breeder Layer, B / Breeder Pullet, C / Broiler and E / Layer Breeder.  Group B / Breeder 

Pullets had the highest frequency of negatives at 83.4% (n=317), significantly different 

to groups A / Breeder Layer, C / Broiler, D / DOC and F / Layer Pullet. Group A / 

Breeder Layers also had a high negative detection rate with 77.9% (n=936), 

significantly different to groups C / Broiler, D / DOC and F / Layer Pullet.  This group 

had significantly higher detection of iucC positives compared to group B / Breeder 

Pullet. Group C / Broilers also had a high detection rate with 33.6% (n=232), 

significantly different to groups A / Breeder Layer, B / Breeder Pullet and E / Layer 

Breeder.  The negative detection for this group (66.4% (n=458)) were significantly 

different to groups D / DOC and F / Layer Pullet.  

 

Group D / DOC had the highest detection of iss VAG at 43.3% (n=167) and were 

significantly different to all groups. Group C / Broilers had the second highest detection 

rate at 29.9% (n=206) and is statistically different from groups A / Breeder Layer, B / 

Breeder Pullet, E / Layer Breeder and F / Breeder Pullet. This group had 70.1% 

(n=484) negative detections, significantly higher than group D / DOC.  Group E / Layer 

Breeder had the highest negative detection rate with 94.3% (n=50), statistically 

different to groups A / Breeder Layer, C / Broiler, D / DOC and F / Layer Pullet. Group 

B had the second highest negative detection for the iss gene, statistically different to 

groups A / Breeder Layer, C / Broiler, D / DOC and F / Layer Pullet.  Group A / Breeder 

Layer had a slightly higher positive detection rate with 24.5% (n=295), statistically 

different to group B / Breeder Pullet and E / Layer Breeder.  The negative detections 

(75.5% (n=907)) for this group were statistically different to group C / Broiler and D / 

DOC.  
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Table 24(a): APEC gene expression for virulence - associated gene tsh in South 
Africa per operation for the period of 2017 – 2022.  

 

 
6  

 

 

 

 
6 Breeder Layer (Broiler breeder), Breeder Pullet (Broiler breeder rearing), Broiler, 
Broiler day old chick (DOC), Layer Breeder (Layer parent) and Layer Pullet (Layer 
rearing).  VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in 
a category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 

1021 181
84.90% 15.10%
C,D,E,F

330 50
86.80% 13.20%
C,D,E,F

483 207
70.00% 30.00%

E,F A,B,D
306 80

79.30% 20.70%
C,E,F A,B

28 25
52.80% 47.20%

* A,B,C,D*

166 148
52.90% 47.10%

A,B,C,D
Layer Pullet F 314

DOC D 386

Layer Breeder E 53

Operations

Breeder Layer A 1202

Breeder Pullet B 380

Broiler C 690

Frequency tsh
Share

0 1 Total Responses
Comparisons
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Table 12(b): APEC gene expression for virulence - associated gene cvaC in South 

Africa per operation for the period of 2017 – 2022.  

 

 
7 

 

 

 
7 Breeder Layer (Broiler breeder), Breeder Pullet (Broiler breeder rearing), Broiler, 
Broiler day old chick (DOC), Layer Breeder (Layer parent) and Layer Pullet (Layer 
rearing).  VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in 
a category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 

772 430
64.20% 35.80%
C,D,E,F

322 58
84.70% 15.30%

A,C,D,E,F
405 285

58.70% 41.30%
D,E A,B
153 233

39.60% 60.40%
E,F A,B,C,F
10 43

18.90% 81.10%

*
A,B,C,D,F

*
177 137

56.40% 43.60%
D,E A,B

Layer Pullet F 314

DOC D 386

Layer Breeder E 53

Operations

Breeder Layer A 1202

Breeder Pullet B 380

Broiler C 690

Frequency cvaC
Share

0 1 Total Responses
Comparisons
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Table 12(c): APEC gene expression for virulence - associated gene irp2 in South 

Africa per operation for the period of 2017 – 2022.  

 

 
8 

 

 

 
8 Breeder Layer (Broiler breeder), Breeder Pullet (Broiler breeder rearing), Broiler, 
Broiler day old chick (DOC), Layer Breeder (Layer parent) and Layer Pullet (Layer 
rearing).  VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in 
a category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 

943 259
78.50% 21.50%

C,E,F D
300 80

78.90% 21.10%
C,E,f D
483 207

70.00% 30.00%
e A,B,D

335 51
86.80% 13.20%

A,B,C,E,F
31 22

58.50% 41.50%
* A,B,C,D*

229 85
72.90% 27.10%

E A,b,D
Layer Pullet F 314

DOC D 386

Layer Breeder E 53

Operations

Breeder Layer A 1202

Breeder Pullet B 380

Broiler C 690

Frequency irp2
Share

0 1 Total Responses
Comparisons
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Table 12(d): APEC gene expression for virulence - associated gene iucC in South 

Africa per operation for the period of 2017 – 2022.  

 

 
9 

 

 

 
9 Breeder Layer (Broiler breeder), Breeder Pullet (Broiler breeder rearing), Broiler, 
Broiler day old chick (DOC), Layer Breeder (Layer parent) and Layer Pullet (Layer 
rearing).  VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in 
a category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 

936 226
77.90% 22.10%

C,D,F B
317 63

83.40% 16.60%
A,C,D,F

458 232
66.40% 33.60%

D,F A,B,E
194 192

50.30% 49.70%
A,B,C,E,F

44 9
83.00% 17.00%
C,D,F* *

183 131
58.30% 41.70%

D A,B,C,E
Layer Pullet F 314

DOC D 386

Layer Breeder E 53

Operations

Breeder Layer A 1202

Breeder Pullet B 380

Broiler C 690

Frequency iucC
Share

0 1 Total Responses
Comparisons
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Table 12(e): APEC gene expression for virulence - associated gene iss in South Africa 

per operation for the period of 2017 – 2022.  

 

 
10 

 
10 Breeder Layer (Broiler breeder), Breeder Pullet (Broiler breeder rearing), Broiler, 
Broiler day old chick (DOC), Layer Breeder (Layer parent) and Layer Pullet (Layer 
rearing).  VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in 
a category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 

907 295
75.50% 24.50%

C,D, B,E
338 42

88.90% 11.10%
A,C,D,F

484 206
70.10% 29.90%

D A,B,E,F
219 167

56.70% 43.30%
A,B,C,E,F

50 3
94.30% 5.70%
A,C,D,F* *

247 67
78.70% 21.30%

C,D B,E
Layer Pullet F 314

DOC D 386

Layer Breeder E 53

Operations

Breeder Layer A 1202

Breeder Pullet B 380

Broiler C 690

Frequency iss
Share

0 1 Total Responses
Comparisons
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Figure 4: APEC gene expression for virulence - associated genes; tsh, cvaC, irp2, 

iucC and iss in South Africa per operation for the period of 2017 – 2022: Breeder Layer 

(Broiler breeder), Breeder Pullet (Broiler breeder rearing), Broiler, Broiler day old chick 

(DOC), Layer Breeder (Layer parent) and Layer Pullet (Layer rearing).  VAG positive 

depicted as 1, VAG negative depicted as 0.  

 

 
 
 



35 
 

4.3 APEC prevalence in South Africa over time for the period of 2017 - 2022 
 

As recorded in Table 13, a high percentage of APECs were isolated in 2017 with 

70.0% (n=56) positives found. The high number of APEC positive in this year is 

statistically different to the number of APEC positive found in groups B – F, 

representing year 2018-2022.  The years 2018 and 2019 saw a substantial reduction 

in percentage positive isolates with 41.1% (n=78) and 51.7% (n=298) respectively.  

APEC positive isolates in 2018 were found to be statistically higher in comparison to 

the year 2020, which recorded a mark decrease in APEC positive (22.6% (n=26)) in 

comparison to 2019.  The percentage of non - APEC for the same year was seen to 

be statistically higher compared to groups A / 2017 and C / 2019. Group C / 2019 

APEC positive isolates again were statistically higher compared to groups B, D, E and 

F.  The subsequent years of 2020 - 2022 again showed a more favourable move 

towards a non - APEC majority.  A strong shift back towards non-pathogenic was 

recorded in 2020 with 60.9% (n=70) of the isolates classified as non - APEC.  This 

specific year had statistically less APEC positive isolates in comparison to all other 

groups (A, B, C, E & F).  A slight shift back to the centre was recorded in 2021 with a 

variance of 16.1%.  Group E / 2021 positive APEC percentage was statistically higher 

than group D / 2020.  non - APEC isolations in 2021 were statistically higher than 

groups A / 2017 and C /2019.  Group F / 2022 showed a similar picture with 37.8% 

pathogenic isolates.  A statistically significant difference was detected compared to 

group D in terms of positive isolates and again significantly different for non - APEC 

isolates in comparison to groups A / 2017 and C / 2019.   
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Table 13: APEC prevalence in South Africa over time for the period of 2017 – 2022.   

 

 
11 

 

 

 

 

 
11 APEC positive depicted as 1, APEC negative depicted as False.  Letter depicted in 
a category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 

56 24
70.00% 30.00%

B,C,D,E,F* *
78 112

41.10% 58.90%
D A,C

293 274
51.70% 48.30%
B,D,E,F A

26 89
22.60% 77.40%

A,B,C,E,F
360 570

38.70% 61.30%
D A,C

432 711
37.80% 62.20%

D A,C

2021 E 930

Year

2017 A 80

2018 B 190

2019 C 567

2022 F 1143

2020 D 115

Frequency APEC / NO
Share

1 FALSE Total Responses
Comparisons
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4.3.1 APEC gene percentage in South Africa over time  

 
Group A / 2017 as indicated in Table 14 had a statistically higher percentage APEC 

positives in comparison to the years 2018 - 2022.  In comparison to groups C / 2019, 

D / 2020, E / 2021, F / 2022, group A / 2017 also had statistically more isolates 

(20.0%(n=16)), classified with three VAGs.  Groups D / 2020, E/ 2021 & F / 2022 like 

group A /2017 also had statistically higher isolates classified with at least one VAG.  

Group B / 2018 and group D / 2020 had statistically higher percentage zero VAGs 

isolated in comparison to groups A / 2017, C / 2019, E / 2021 and F / 2022 with 54,2% 

(n=103) and 56.5% (n=65) isolates testing negative respectively.  Group C / 2019 in 

comparison to groups A / 2017, B / 2018, D / 2020, E / 2021 and F / 2022, had 

statistically more isolates testing positive for all five VAGs with 9.7% (n=55) of the 

isolates testing positive.  This group, as with group E / 2021 also had the highest 

percentage isolates classified with four VAGs at 11.1% (n=63) and 11.6% (n=108) 

respectfully.  Group F / 2022 had the second highest percentage of isolates after group 

C / 2019 statistically higher than groups D / 2020 and E / 2021 with 3.2% (n=37) testing 

positive for all five VAGs.  This group in comparison to groups B / 2018 and D /2020, 

and like group C / 2019 had statistically more isolates test positive for two of the VAGs.  
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Table 14: APEC percentage gene positive (# gene 1-5) in South Africa over time for 

the period of 2017 - 2022.   

 

 

12 

 
12 Number of positive VAGs indicated as 0 – 5.  Letter depicted in a category indicates 
significant difference from that group.  Statistical difference (P < 0.05) shown as 
uppercase alpha level, statistical difference (P < 0.1) shown as lower case alpha level. 
Base count warning (100) indicated as *, Base count minimum (30) indicated as **. 

6 18 36 16 3 1
51.90% 12.40% 14.90% 10.90% 5.30% 4.60%

* B,C* B,C,D,E,F* c,d,E,F* * *
103 9 23 33 18 4

54.20% 4.70% 12.10% 17.40% 9.50% 2.10%
A,C,E,F d,E,F

233 41 103 72 63 55
41.10% 7.20% 18.20% 12.70% 11.10% 9.70%

A b,D A,D,F A,B,D,E,F
65 24 10 11 5 0

56.50% 20.90% 8.70% 9.60% 4.30% 0.00%
A,C,E,F B,C

373 197 147 97 108 8
40.10% 21.20% 15.80% 10.40% 11.60% 0.90%

A B,C d A,D,F
439 272 203 119 73 37

38.40% 23.80% 17.80% 10.40% 6.40% 3.20%
A B,C b,D D,E

2022 F 1143

567

2020 D 115

2021 E 930

Comparisons

Year

2017 A 80

2018 B 190

2019 C

Frequency GENE  %
Share

0 1 2 3 4 5 Total Responses
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Figure 5: APEC gene percentage in South Africa over time for the period of 2017 - 

2022.  Number of positive VAGs indicated as 0 – 5. 

 

4.3.2 APEC gene expression in South Africa over time  

 
Gene expression for tsh VAG as per Table 15(a), were statistically lower in group A / 

2017 in comparison to all other groups analysed, with 98% (n=79) negative detections 

for the specific gene.  Groups B / 2018, C / 2019, D / 2020, E / 2021 and F / 2022 had 

statistically higher tsh VAG positive detections in comparison to group A / 2017.  

Groups B / 2018, C / 2019, D / 2020 on its part had statistically lower tsh positive 

detections in comparison to groups E / 2021 and F / 2022.  Groups E / 2021 and F / 

2022 had statistically higher tsh positives recorded at 25.2% (n=234) and 26.2% 

(n=299) in comparison to the rest of the groups. 

 

Table 15(b) indicates that 52.5% (n=42) cvaC VAG were detected in group A / 2017 

and is seen to be significantly different to group B / 2018, D / 2020 and F / 2022.  

Groups C / 2019 and E / 2021 also saw high detection rates at 44.1% (n=250) and 

44.5% (n=414) respectively and were significantly higher than groups D / 2020 and F 

/ 2022.  Groups B / 2018, D / 2020 and F / 2022 had significantly less cvaC VAGs 

detected in comparison to group A / 2017. Group B / 2018 had 38.4% (n=73) cvaC 

positive reactions and was significantly higher than group F / 2022.  Group F / 2022 

had 67.7% (n=774) of the isolates that were negative for cvaC and was seen to be 
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significantly lower in comparison to all other groups except group D / 2020, which on 

its own was also significantly lower than groups A / 2017, C / 2019 and E / 2021. 

 

A high frequency of irp2 positive VAG (48.5% (n=39)) was detected in group A / 2017 

with statistically significant difference to all other groups.  Group F / 2022 had the 

second highest irp2 positive isolate frequency, statistically higher than groups B / 

2018, C / 2019, D / 2020, E / 2021 followed by group C / 2019 which in turn was 

statistically higher than B / 2018, D / 2020 and E / 2021. Groups B / 2018 and E / 2021 

was significantly higher than group D / 2020.  Group D recorded the lowest frequency 

with 96.5% (n=111) isolates negative for irp2 VAG which is statistically lower than all 

other groups.  

 

VAG iucC detection were statistically lower in group D / 2020 in comparison to all other 

groups, with 93.9% (n=108) of the isolates testing negative.  Group F / 2022 had the 

second lowest positive iucC detections, statistically lower than groups A / 2017, C / 

2019 and E / 2021. Groups B / 2018 and E / 2021 were statistically lower than groups 

A / 2017 and C / 2019.  Groups A / 2017 and Group D / 2020 again had a statistically 

higher frequency that was detected compared to other groups, with 42.5% (n=34) and 

43.2% (n=245) isolates testing positive for the VAG iucC.  Groups B / 2018 and F / 

2022 had a statistically higher iucC detection compared to group D / 2020.  Group E / 

2021, as with groups B / 2018 and F / 2022 had a statistically higher detection 

compared to group D / 2020. Group E / 2021 also had a statistically higher positive 

frequency of iucC VAG compared to group F / 2022.   

 
VAG iss detection frequency for group A / 2017 was the highest at 48% (n=39) and 

group B / 2018 at 37.4% (n=71) positive were statistically higher than groups D / 2020, 

E / 2021 and F / 2022. Group C / 2019 with 44.8% (n=254) positive detections were 

statistically different to groups B / 2018, D / 2020, E / 2021 and F / 2022.  Group F / 

2022 had the least number of positive detections with 14.9% (n=170).  This group had 

85.1% (n=973) negative detections which is regarded as statistically different to all 

other groups evaluated.  Group D and E had very low levels of iss positives, however 

still statistically higher than group F / 2022.  These two groups with 74.8% (n=86) and 
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76.7% (n=713) negative detections respectively were statistically different to groups A 

/ 2017, B / 2018 and C / 2019.  Group B / 2018 also had a statistically lower detection 

of iss compared to group C / 2019. 

 

Table 15(a): APEC gene expression for tsh in South Africa over time for the period of 

2017 - 2022.   

 

 
13 

 
13 VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in a 
category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 

79 1
98.80% 1.30%

B,C,D,E,F* *
161 29

84.70% 15.30%
E,F A
458 109

80.80% 19.20%
E,F A
96 19

83.50% 16.50%
E,F A
696 234

74.80% 25.20%
A,B,C,D

844 299
73.80% 26.20%

A,B,C,D
2022 F 1143

2020 D 115

2021 E 930

Year

2017 A 80

2018 B 190

2019 C 567

Frequency tsh
Share

0 1 Total Responses
Comparisons
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Table 15(b): APEC gene expression for cvaC in South Africa over time for the period 

of 2017 - 2022.   

 

 
14 

 

 
14 VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in a 
category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 
 

38 42
47.50% 52.50%

* B,D,F*
117 73

61.60% 38.40%
A f

317 250
55.90% 44.10%

D,F
77 38

67.00% 33.00%
A,C,E
516 414

55.50% 44.50%
D,F

774 369
67.70% 32.30%
A,b,C,E

2022 F 1143

2020 D 115

2021 E 930

Year

2017 A 80

2018 B 190

2019 C 567

Frequency cvaC
Share

0 1 Total Responses
Comparisons
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Table 15(c): APEC gene expression for irp2 in South Africa over time for the period of 

2017 - 2022.   

 

 

15 

 

 

 
15 VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in a 
category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 
 

41 39
51.30% 48.80%

* B,C,D,E,F*
170 20

89.50% 10.50%
A,C,F D
435 132

76.70% 23.30%
A,F B,D,E
111 4

96.50% 3.50%
A,B,C,E,F

807 123
86.80% 13.20%
A,C,F D
757 386

66.20% 33.80%
A B,C,D,E

2022 F 1143

2020 D 115

2021 E 930

Year

2017 A 80

2018 B 190

2019 C 567

Frequency irp2
Share

0 1 Total Responses
Comparisons
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Table 15(d): APEC gene expression for iucC in South Africa over time for the period 

of 2017 - 2022.   

 

 
16 

 

 

 
16 VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in a 
category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 
 

46 34
84.90% 15.10%

* B,D,E,F*
137 53

72.10% 27.90%
A,C D
322 245

56.80% 43.20%
B,D,E,F

108 7
93.90% 6.10%

A,B,C,E,F
664 266

71.40% 28.60%
A,C D,F
855 288

74.80% 25.20%
A,C,e D

2022 F 1143

2020 D 115

2021 E 930

Year

2017 A 80

2018 B 190

2019 C 567

Frequency iucC
Share

0 1 Total Responses
Comparisons
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Table 15(e): APEC gene expression for iss in South Africa over time for the period of 

2017 - 2022.   

 

 
17 

 
17 VAG positive depicted as 1, VAG negative depicted as 0.  Letter depicted in a 
category indicates significant difference from that group.  Statistical difference (P < 
0.05) shown as uppercase alpha level, statistical difference (P < 0.1) shown as lower 
case alpha level.  Base count warning (100) indicated as *, Base count minimum (30) 
indicated as **. 
 

41 39
51.30% 48.80%

* D,E,F*
119 71

62.60% 37.40%
c D,E,F

313 254
55.20% 44.80%

b,D,E,F
86 29

74.80% 25.20%
A,B,C F
713 217

76.70% 23.30%
A,B,C F
973 170

85.10% 47.10%
A,B,C,D,E

2022 F 1143

2020 D 115

2021 E 930

Year

2017 A 80

2018 B 190

2019 C 567

Frequency iss
Share

0 1 Total Responses
Comparisons
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Figure 6: APEC gene expression for tsh, cvaC, irp2, iucC and iss in South Africa over 

time for the period of 2017-2022.  VAG positive depicted as 1, VAG negative depicted 

as 0.  
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4.4 APEC prevalence in South Africa (2018 – 2019, 2022) versus United States 
of America (2016) 

 

4.4.1 APEC gene percentage SA versus USA 
 

A total 983 E coli isolates were analysed to determine the difference of APEC gene 

percentage in SA and USA.  Two hundred and nine isolates from SA were compared 

to 774 isolates from USA.  

 

As shown in Table 16, most South African APEC isolates (57 / 27.3%) had four 

virulence associate genes (VAGs).  Most of the USA isolates had three or more VAGs 

with a frequency of 32.4% (n=251).  Groups with zero and one VAGs were statistically 

different between SA and the USA.  SA had 7.2% (n=15) of the isolates where none 

of the five VAGs were detected, in comparison to the USA with 0.1% (n=1) of isolates.  

SA had 9.6% (n=20) isolates that tested positive for at least one of the VAGs in 

comparison to 2 / 0.3% of the USA isolates.  VAG groups two and three were also 

statistically different between SA and USA.  SA had 22.0% (n=46) isolates positive for 

two or more VAGs in comparison to 28.7% (n=222) for the USA.  SA had 24.9% (n=52) 

isolates in comparison to 32.4% (n=251) USA isolates that had three or more VAGs. 
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Table 16:  APEC gene percentage - SA (2018 -2019, 2022) compared to the USA 

(2016).   

 

 
18 

 

 

Figure 7: APEC gene percentage South Africa (2018 – 2019, 2022) vs USA (2016).  

Number of positive VAGs indicated as 0 – 5. 

 

 

 
18 Number of positive VAGs indicated as 0 – 5.  Letter depicted in a category indicates 
significant difference from that group.  Statistical difference (P < 0.05) shown as 
uppercase alpha level, statistical difference (P < 0.1) shown as lower case alpha level.  
Base count warning (100) indicated as *, Base count minimum (30) indicated as **. 

15 20 46 52 57 19
7.20% 9.60% 22.00% 24.90% 27.30% 9.10%

B B
1 2 222 251 217 81

0.10% 0.30% 28.70% 32.40% 28.00% 10.50%
a A

Comparisons

Location

SA 209

USA 774

Frequency GENE  %
Share

0 1 2 3 4 5 Total Responses
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4.4.2 APEC gene expression South Africa vs United States of America 
 

The highest frequency as per Table 17(a) of tsh VAG were detected in the group B / 

USA with 74.2% (n=574) of the isolates testing positive.  The two groups were found 

to be statistically different, with 59.8% (n=125) of group A / South Africa testing 

negative for tsh.  The USA had 81.4% (n=630) of the isolates that tested positive for 

the VAG cvaC in comparison to the 76.1% (n=159) South African isolates.  Both 

positive and negative groups approached statistical significance when compared.  No 

significant difference was noted between SA and USA isolates comparing irp2 gene 

positivity. Equal distribution between positive and negative detection was noted.  No 

statistical difference between SA and USA isolates were noted for the VAG iucC.  The 

USA however had the highest number of positive detections with 63.3% (n=490). 

Statistical difference was noted between groups for iss VAG, with South African 

isolates having the highest positive rate at 56.9% (n=119). 

 

Table 17(a): APEC gene expression for VAG tsh – South Africa (2018 – 2019, 2022) 

versus USA (2016).  VAG positive depicted as 1, VAG negative depicted as 0.   

 

 
19 

 
19 Letter depicted in a category indicates significant difference from that group.  
Statistical difference (P < 0.05) shown as uppercase alpha level, statistical difference 
(P < 0.1) shown as lower case alpha level.  Base count warning (100) indicated as *, 
Base count minimum (30) indicated as **. 

125 84
59.80% 40.20%

B
200 574

25.80% 74.20%
A

Frequency tsh
Share

0 1 Total Responses
Comparisons

Location

SA A 209

USA B 774
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Table 17 (b): APEC gene expression for VAG cvaC – South Africa (2018 – 2019, 2022) 

versus USA (2016).  VAG positive depicted as 1, VAG negative depicted as 0.   

 

 
20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
20 Letter depicted in a category indicates significant difference from that group.  
Statistical difference (P < 0.05) shown as uppercase alpha level, statistical difference 
(P < 0.1) shown as lower case alpha level.  Base count warning (100) indicated as *, 
Base count minimum (30) indicated as **. 

50 159
23.90% 76.10%

b
144 630

18.60% 81.40%
a

Frequency cvaC
Share

0 1 Total Responses
Comparisons

Location

SA A 209

USA B 774
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Table 17(c): APEC gene expression for VAG irp2 – South Africa (2018 – 2019, 2022) 

versus USA (2016).  VAG positive depicted as 1, VAG negative depicted as 0.   

 

 
21 

 

 

 

 

 

 

 

 

 

 

 

 

 
21 Letter depicted in a category indicates significant difference from that group.  
Statistical difference (P < 0.05) shown as uppercase alpha level, statistical difference 
(P < 0.1) shown as lower case alpha level.  Base count warning (100) indicated as *, 
Base count minimum (30) indicated as **. 

104 105
49.80% 50.20%

361 413
46.60% 53.40%

Frequency irp2
Share

0 1 Total Responses
Comparisons

Location

SA A 209

USA B 774
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Table 17(d): APEC gene expression for VAG iucC – South Africa (2018 – 2019, 2022) 

versus USA (2016).  VAG positive depicted as 1, VAG negative depicted as 0.  

  

 
22 

 

 

 

 

 

 

 

 

 

 

 

 

 
22 Letter depicted in a category indicates significant difference from that group.  
Statistical difference (P < 0.05) shown as uppercase alpha level, statistical difference 
(P < 0.1) shown as lower case alpha level.  Base count warning (100) indicated as *, 
Base count minimum (30) indicated as **. 

85 124
40.70% 59.30%

284 490
36.70% 63.30%

Frequency iucC
Share

0 1 Total Responses
Comparisons

Location

SA A 209

USA B 774
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Table 17(e): APEC gene expression for VAG iss – South Africa (2018 – 2019, 2022) 

versus USA (2016).  VAG positive depicted as 1, VAG negative depicted as 0.   

 

 
23 

 
23 Letter depicted in a category indicates significant difference from that group.  
Statistical difference (P < 0.05) shown as uppercase alpha level, statistical difference 
(P < 0.1) shown as lower case alpha level.  Base count warning (100) indicated as *, 
Base count minimum (30) indicated as **. 

90 119
43.10% 56.90%

409 365
52.80% 47.20%

Frequency iss
Share

0 1 Total Responses
Comparisons

Location

SA A 209

USA B 774
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Figure 8: APEC gene expression for tsh, cvaC, irp2, iucC and iss – South Africa (2018 

– 2019, 2022) vs USA (2016).  VAG positive depicted as 1, VAG negative depicted as 

0. 
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CHAPTER 5: DISCUSSION AND CONCLUSION 
 

5.1 Discussion  
 

This study, in accordance with previous research, has shown that intestinal 

Escherichia coli populations act as a reservoir for APEC.  This could potentially serve 

as a threat to the health and wellbeing of commercial poultry including broiler, breeder 

and layer operations. (Ewers et al., 2009; Kemmett et al., 2014; Olsen et al., 2012).  

 

The focus of this study was to characterise APEC prevalence in South Africa, 

determine APEC prevalence and potential virulent gene differences between the 

various poultry operations. The study also determined APEC prevalence and virulent 

gene changes over time. Available data was then also used to compare APEC VAG 

prevalence in SA to that of the USA.  

 

Isolates were regarded as APEC positive if two or more VAGs were detected.  Data 

analysed for SA indicated that 41.2% of the isolates were APEC positive and the 

majority (58.8%) of Escherichia coli isolates obtained from the GIT of healthy broilers, 

breeders and layers were indeed commensal and non-pathogenic in nature.  

Seventeen point three percent of the total APEC positive isolates had two or more, 

11.15% had 3 or more, 8.9% had at least 4 genes and only 3.5% of the isolates had 

all 5 of the VAGs.    

 

The prevalence of APEC in other African countries was somewhat lower compared to 

what was found in this study.  Mtonga et al., 2021 for example reported 18.6% 

pathogenic E. coli isolated from chicken farms in Zambia.  E. coli was classified using 

a phenotypical method and would therefore lead to a different outcome. The current  

study focused on virulent genes previously identified that aid in the pathogenicity of E. 

coli.  The different detection methodologies again highlight the complexity of defining 

APEC.   
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The most prevalent VAG identified among South African E. coli isolates were cvaC 

with a detection rate of 39.2%.  This is in contrast with a number of studies where the 

VAG iss was found to be the most prominent virulence gene with detection frequencies 

of 84% for broilers in Pakistan, 82.7% in various poultry in Germany, 100% in broilers 

from India and 97.87% in chickens and ducks from China.  All samples were from 

diseased or potentially infected birds, unlike for the samples in this particular study, 

that were from apparently healthy poultry (Azam et al., 2019; Ewers et al., 2004; 

Narasinakuppe Krishnegowda et al., 2022; Xuhua et al., 2021).  A study performed  by 

Paixão et al., (2016) on samples collected from dead broiler breeders and apparently 

healthy broilers from Portugal, found that both commensal and pathogenic E. coli 

contained VAGs to some degree or another.  They concluded that iss (serum survival 

gene) and the iron uptake related genes such as irp2 were the most prominent for the 

11 VAGs that was tested by using multiplex PCR.  

 

In South Africa significant operational differences in terms of APEC positivity was 

detected, with statistically higher positive isolations recorded for broiler day old chicks 

(DOC).  One reason for this could be the lack of heterophil function in day old chicks 

as described by (Wells et al., 1998).  The Layer breeder group also had a statistically 

higher APEC positivity.  Breeder pullets in contrast had the lowest number of APEC 

positive detections with 80% of the isolates found to be negative.  The Breeder layer 

group also had a low negative detection rate of 64.3%, regarded to be significantly 

different to all other groups except for Breeder pullets.  The marked difference in APEC 

prevalence between the operations can potentially be explained by host – microbial 

interactions as suggested by (Casadevall and Pirofski, 2001).  These interactions can 

be influenced by various factors such as immune status of the birds, differences in 

production systems or possible feed variations (Awawdeh, 2017).   

 

Significant differences were noted for the various VAGs between the different 

operations.  Layer breeders as an example had a statistically different detection rate 

to all other groups with VAG cvaC detection at 81.1%.  Positive detection levels for 

VAG irp2 at 41.5% was also statistically different to all other operations.  VAG iucC 

and iss positive detection in the broiler DOC population of 49.7% and 43.3% 
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respectively was also seen to be significantly different to all other operations.  Similar 

detection levels within the different operations for some of the VAGs were also noted.  

 

APEC prevalence in 2017 was found to be significantly higher in comparison to 

subsequent years, with a marked decrease in prevalence noted in the years following 

up to 2022.  The percentage positive APEC overtime fluctuated but showed an overall 

decrease from a high of 70% in 2017 to 37.8% positivity in 2022.  The year 2020 in 

particular had an extremely low positive detection rate, with only 22.6% of the samples 

testing positive.  Reasons for the decrease in APEC prevalence over time could 

possibly be attributed to improvements in husbandry and biosecurity practices.  The 

first outbreak of highly pathogenic avian influenza (HPAI) in South African commercial 

poultry was recorded in 2017, followed by a second outbreak in 2021.  This may have 

led to an industry wide revision of biosecurity protocols and subsequent tightening on-

farm disease mitigation protocols (DALRRD, 2023).  The COVID 19 pandemic reached 

its peak case incidence in mid-2020 in South Africa (NICD, 2021).  This could possibly 

have contributed to an increased awareness of potential pathogens leading to the 

improvement of staff and poultry house hygiene and in-turn in a reduction of APEC 

prevalence in 2020.  As humans could potentially act as vectors for APEC and spread 

it between flocks, as noted by (Johnson et al., 2008a), one could argue that the 

apparent improvements in personal hygiene could potentially also have contributed to 

the decrease in APEC prevalence recorded in 2020.  

 

A statistically significant high number (45%) with 2 or more of VAGs were noted in 

2017.  A shift towards the right was recorded in 2019 with the highest frequency (9.7%) 

of isolates positive for all five VAGs.  Statistically significant movement or variation 

over time was noticed for the specific VAGs.  As an example, tsh detection rate moved 

from a low of 1.3% positive in 2017 to a high of 26.2% in 2022.  VAG iss in contrast 

decreased from 48.8% positive in 2017 to a low detection of 14.9% in 2022.  This is in 

agreement with (Johnson et al., 2008b) which concluded that progressive movement 

for certain virulence factors over time could be possible, as variation was observed for 

VAG iss between different isolates.   
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Notable differences were detected when comparing South African APEC data to that 

of the USA, providing supporting evidence for the perceived differences in prevalence.  

The USA population had a statistically higher percentage of isolates with two and three 

VAGs testing positive compared to SA.  The USA also had a higher percentage 

detection for isolates with four and five VAGs.  With a closer look at the specific VAGs, 

statistical differences for tsh, cvaC and iss were established.  Positivity rate for VAG 

tsh was significantly different between the two countries, with 74.2% detected in the 

USA population compared to 40.2% in SA.  VAG cvaC also came up strong with 81.4% 

detected for APEC isolates in the USA compared to 76.1% for SA.  The South African 

population had a statistically significant higher positive detection rate for VAG Iss at 

56.9% compared to the USA with 47.2%.   

 

One explanation for the vast differences detected, could be the difference in time, 

seeing that all the USA samples were collected in 2016 compared to South African 

samples collected in 2018 - 2019 and 2022.  There was also operational differences 

in the data analysed between the two countries.  The USA data comprised of only 

broiler isolates whereas the SA data were made up of various different operations.  A 

study by Fancher et al. in 2021 suggested that change of season and age of the bird 

could potentially affect virulence factors.  They showed that the prevalence of all five 

of the VAGs tested for in spring (80.6%) was high compared to that in the summer 

period at 13.0%.  VAG prevalence fluctuation specifically for ompT, hlyF, and iutA were 

recorded at different ages.  We then also know that environmental and management 

practices, such as stocking density and air quality in the chicken house could 

potentially play a role in the increase of virulence factors.  Infections due to APEC 

could therefore also be secondary in nature (Kers et al., 2018; Fancher et al., 2021; 

Kathayat et al., 2021).  The limited or complete removal of antibiotics (NAE) in USA 

as shown in a recent study has also led to an increase in APEC (Fancher et al., 2021).    

 

Rapid diagnostics and appropriate control measures are increasingly becoming more 

important.  This, in an effort to ensure the best possible meat hygiene is achieved to 

meet the ever increasing rise in consumer demand.  Routine antibiotic use for 

therapeutic and or prophylactic measures have been implemented to control infectious 
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diseases in poultry production environment.  The search however, for alternative 

solutions is gaining momentum, in light of the potential zoonotic threat and the ever 

increasing evidence supporting the high frequency of antibiotic resistant bacteria in 

poultry (Van den Bogaard et al., 2001).  Some of the alternative measures include but 

are not limited to; vaccines, bacteriophages, endolysins, plant extracts, probiotics, 

specific algae, essential oils, bacteriocins,  APEC virulence and growth inhibitors and 

antibody therapy (Van der Westhuizen, 2017; Kathayat et al., 2021).  The success of 

these novel solutions will largely depend on the method of action as well as the 

economical feasibility of these actives.  One such product is the modified live vaccine 

Poulvac® E. coli, with proven commercial value in broilers, breeders and layers.  The 

gene aroA was deleted from an APEC strain, impairing the curli fimbriae production 

rendering it avirulent, while retaining the ability to elicit a sufficient immune response 

(Zoetis, 2023).  

 

Characterisation and further elucidating of APEC prevalence in South Africa, as well 

as between operations within South Africa will assist in advanced diagnostics and 

further lead to improved measures to assist in prophylactic measures to control 

disease outbreaks specific to avian pathogenic Escherichia coli (Jeong et al., 2012; 

Van der Westhuizen, 2017; Wilczyński et al., 2022).  

 

This study provides more insight into the epidemiology and population dynamics of 

APEC in SA as well as USA, but it raises a number of questions that could be 

addressed by further research.  The link between the different operations; rearing, 

laying, hatchery and broiler farms would need to be investigated.  This specific study 

was limited by the number of VAGs tested.  Future research would benefit by 

increasing the number of VAGs, reinforcing the characterisation of APEC.      
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5.2 Conclusion  
 

It is clear, as highlighted in this investigation, that the avian gastrointestinal tract serves 

as a reservoir for APEC colonisation in South African poultry.  It can thus be confirmed 

that APEC and its virulence genes are prevalent in South Africa.  Vast differences in 

APEC prevalence as well as its virulence factors were detected between various 

poultry operations in SA for the period analysed.  A noticeable change in population 

dynamics were observed over time and we can thus conclude that a population shift 

over time ( 2017 – 2022) did occur.  The data analysed for SA and USA also suggests 

that virulence gene prevalence differ between two countries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



61 
 

 

REFERENCES  
 

Apostolakos, I., Laconi, A., Mughini-Gras, L., Yapicier, O.S., Piccirillo, A., 2021. 
Occurrence of Colibacillosis in Broilers and Its Relationship With Avian 
Pathogenic Escherichia coli (APEC) Population Structure and Molecular 
Characteristics. Frontiers in Veterinary Science 8, 13. 

Antão, E. M., Glodde, S., Li, G., Sharifi, R., Homeier, T., Laturnus, C., et al. The 
chicken as a natural model for extraintestinal infections caused by avian 
pathogenic Escherichia coli (APEC). Microb Pathog 2008 Vol. 45 Issue 5-6 
Pages 361-9 

Awawdeh, L., 2017. Studies on avian pathogenic Escherichia coli in commercial 
broiler chicken in South East Queensland. 

Awawdeh, L., Forrest, R., Turni, C., Cobbold, R., Henning, J., Gibson, J., 2022. Risk 
Factors Associated with the Carriage of Pathogenic Escherichia coli in 
Healthy Commercial Meat Chickens in Queensland, Australia &dagger. 
Poultry 1. 

Azam, M., Mohsin, M., Sajjad ur, R., Saleemi, M.K., 2019. Virulence-associated 
genes and antimicrobial resistance among avian pathogenic Escherichia coli 
from colibacillosis affected broilers in Pakistan. Tropical Animal Health and 
Production 51, 1259-1265. 

Casadevall, A., Pirofski, L., 2001. Host-pathogen interactions: the attributes of 
virulence. J Infect Dis 184, 337-344. 

Christensen, H., Bachmeier, J., Bisgaard, M., 2021. New strategies to prevent and 
control avian pathogenic Escherichia coli (APEC). Avian Pathol. 50, 370-381. 

Collingwood, C., Kemmett, K., Williams, N., Wigley, P., 2014. Is the Concept of 
Avian Pathogenic Escherichia coli as a Single Pathotype Fundamentally 
Flawed? Front Vet Sci 1, 5. 

DALRRD 2023. Avian Influenza : H5 and H7 update report.  
Danzeisen, J.L., Kim, H.B., Isaacson, R.E., Tu, Z.J., Johnson, T.J., 2011. 

Modulations of the Chicken Cecal Microbiome and Metagenome in Response 
to Anticoccidial and Growth Promoter Treatment. PLOS ONE 6, e27949. 

Dho-Moulin, M., Fairbrother, J.M., 1999. Avian pathogenic Escherichia coli (APEC). 
Vet Res 30, 299-316. 

Dozois, C.M., Dho-Moulin, M., Brée, A., Fairbrother, J.M., Desautels, C., Curtiss, R., 
3rd. Relationship between the Tsh autotransporter and pathogenicity of avian 
Escherichia coli and localization and analysis of the Tsh genetic region. Infect 
Immun. 2000 Jul;68(7):4145-54. doi: 10.1128/IAI.68.7.4145-4154.2000. 
PMID: 10858231; PMCID: PMC101714 

Dozois, C.M., Fairbrother, J.M., Harel, J., Bossé, M., 1992. pap-and pil-related DNA 
sequences and other virulence determinants associated with Escherichia coli 
isolated from septicemic chickens and turkeys. Infect Immun 60, 2648-2656. 

Ewers, C., Janßen, T., Kießling, S., Philipp, H.-C., Wieler, L.H., 2004. Molecular 
epidemiology of avian pathogenic Escherichia coli (APEC) isolated from 
colisepticemia in poultry. Veterinary Microbiology 104, 91-101. 

Ewers, C., Janssen, T., Kiessling, S., Philipp, H.C., Wieler, L.H., 2005. Rapid 
detection of virulence-associated genes in avian pathogenic Escherichia coli 
by multiplex polymerase chain reaction. Avian Diseases 49, 269-273. 

 
 
 



62 
 

Ewers, C., Antão, E.M., Diehl, I., Philipp, H.C., Wieler, L.H., 2009. Intestine and 
environment of the chicken as reservoirs for extraintestinal pathogenic 
Escherichia coli strains with zoonotic potential. Appl Environ Microbiol 75, 
184-192. 

Fancher, C.A., Thames, H.T., Colvin, M.G., Smith, M., Easterling, A., Nuthalapati, N., 
Zhang, L., Kiess, A., Dinh, T.T.N., Theradiyil Sukumaran, A., 2021. 
Prevalence and Molecular Characteristics of Avian Pathogenic Escherichia 
coli in "No Antibiotics Ever" Broiler Farms. Microbiol Spectr 9, e0083421. 

Fantinatti, F., Silveira, W.D., Castro, A.F., Characteristics associated with 
pathogenicity of avian septicaemic Escherichia coli strains. Vet Microbiol. 
1994 Jul;41(1-2):75-86. doi: 10.1016/0378-1135(94)90137-6. PMID: 7801527. 

Giovanardi, D., Campagnari, E., Ruffoni, L., Pesente, P., Ortali G., Furlattini V.,   
           2005.  Avian pathogenic Escherichia coli transmission from broiler breeders to          
           their progeny in an integrated poultry production chain.  Avian Pathology :   
           journal of the W.V.P.A 2005 Vol. 34 Pages 313-318 
Gottstein, Z., Lozica, L., Tomic, D.H., Lukac, M., Prukner-Radovcic, E., Vlahek, M., 

Dolencic, N., Glavak, Z., 2019. Production parameters after autogenous 
APEC E. coli vaccine application and improvement of vaccination program in 
broiler breeder flock 

Grakh, K., Mittal, D., Prakash, A., Jindal, N., 2022. Characterization and 
antimicrobial susceptibility of biofilm-producing Avian Pathogenic Escherichia 
coli from broiler chickens and their environment in India. Vet. Res. Commun. 
46, 537-548. 

Horne, S.M., Pfaff-McDonough, S.J., Giddings, C.W., Nolan, L.K., 2000. Cloning and 
sequencing of the iss gene from a virulent avian Escherichia coli. Avian 
Diseases 44, 179-184. 

Janben, T., Schwarz, C., Preikschat, P., Voss, M., Philipp, H.C., Wieler, L.H., 2001. 
Virulence-associated genes in avian pathogenic Escherichia coli (APEC) 
isolated from internal organs of poultry having died from colibacillosis. Int J 
Med Microbiol 291, 371-378. 

Jeong, Y.-W., Kim, T.-E., Kim, J.-H., Kwon, H.-J., 2012. Pathotyping avian 
pathogenic Escherichia coli strains in Korea. J Vet Sci 13, 145-152. 

Jeong, J., Lee, J.Y., Kang, M.S., Lee, H.J., Kang, S.I., Lee, O.M., Kwon, Y.K., Kim, 
J.H., 2021. Comparative characteristics and zoonotic potential of avian 
pathogenic Escherichia coli (APEC) isolates from chicken and duck in South 
Korea. Microorganisms 9. 

Johnson, T.J., Wannemuehler, Y., Doetkott, C., Johnson, S.J., Rosenberger, S.C., 
Nolan, L.K., 2008a. Identification of Minimal Predictors of Avian Pathogenic 
Escherichia coli Virulence for Use as a Rapid Diagnostic Tool. Journal of 
Clinical Microbiology 46, 3987-3996. 

Johnson, T.J., Wannemuehler, Y.M., Nolan, L.K., 2008b. Evolution of the iss Gene in 
Escherichia coli. Applied and Environmental Microbiology 74, 2360-2369. 

Kathayat, D., Lokesh, D., Ranjit, S., Rajashekara, G., 2021. Avian Pathogenic 
Escherichia coli (APEC): An Overview of Virulence and Pathogenesis Factors, 
Zoonotic Potential, and Control Strategies. Pathogens 10, 467. 

Kemmett, K., 2013. The characterisation and epidemiology of avian pathogenic 
escherichia coli in uk broiler chickens. 

Kemmett, K., Williams, N.J., Chaloner, G., Humphrey, S., Wigley, P., Humphrey, T., 
2014. The contribution of systemic Escherichia coli infection to the early 
mortalities of commercial broiler chickens. Avian Pathol 43, 37-42. 

 
 
 



63 
 

Kers, J.G., Velkers, F.C., Fischer, E.A.J., Hermes, G.D.A., Stegeman, J.A., Smidt, 
H., 2018. Host and Environmental Factors Affecting the Intestinal Microbiota 
in Chickens. Front Microbiol 9, 235. 

Kleyn, R., 2014. The Use of Antibiotic Growth Promoters in South Africa Some 
Perspectives. https://spesfeed.com/2014/04/the-use-of-anti-biotic-growth-
promoters-in-south-africa-some-perspectives/ 

Krishnegowda, D.N., Singh, B.R., Mariappan, A.K., Munuswamy, P., Singh, K.P., 
Sahoo, M., Saminathan, M., Ramalingam, R., Chellappa, M.M., Singh, V., 
Dhama, K., Reddy, M.R., 2022. Molecular epidemiological studies on avian 
pathogenic Escherichia coli associated with septicemia in chickens in India. 
Microb. Pathog. 162, 16. 

Kromann, S., Jensen, H. E., 2022. In vivo models of Escherichia coli infection in 
poultry. Acta Veterinaria Scandinavica 2022 Vol. 64 Issue 1 Pages 33. 

Lavassani, K.M., Mohamed, B., Kumar, V., 2009. Developments in analysis of 
multiple response survey data in categorical data analysis: the case of 
enterprise system implementation in large north american firms¹. Journal of 
applied quantitative methods 4. 

Leimbach, A., Hacker, J., Dobrindt, U., 2013. E. coli as an all-rounder: the thin line 
between commensalism and pathogenicity. Curr Top Microbiol Immunol 358, 
3-32. 

Li, T.M., Castaneda, C.D., Miotto, J., McDaniel, C., Kiess, A.S., Zhang, L., 2021. 
Effects of in ovo probiotic administration on the incidence of avian pathogenic 
Escherichia coli in broilers and an evaluation on its virulence and antimicrobial 
resistance properties. Poultry Science 100, 12. 

Lim, J.Y., Yoon, J., Hovde, C.J., 2010. A brief overview of Escherichia coli O157:H7 
and its plasmid O157. J Microbiol Biotechnol 20, 5-14. 

Ling, J., Pan, H., Gao, Q., Xiong, L., Zhou, Y., Zhang, D., Gao, S., Liu, X., 2013. 
Aerobactin synthesis genes iucA and iucC contribute to the pathogenicity of 
avian pathogenic Escherichia coli O2 strain E058. PLoS One 8, e57794. 

Liu, C.M., Stegger, M., Aziz, M., Johnson, T.J., Waits, K., Nordstrom, L., Gauld, L., 
Weaver, B., Rolland, D., Statham, S., Horwinski, J., Sariya, S., Davis, G.S., 
Sokurenko, E., Keim, P., Johnson, J.R., Price, L.B., 2018. Escherichia coli 
ST131 22 as a Foodborne Uropathogen. mBio 9, e00470-00418. 

Lozica, L., Kabalin, A.E., Dolencic, N., Vlahek, M., Gottstein, Z., 2021a. Phylogenetic 
characterization of avian pathogenic Escherichia coli strains longitudinally 
isolated from broiler breeder flocks vaccinated with autogenous vaccine. 
Poultry Science 100, 6. 

Lozica, L., Repar, J., Gottstein, Z., 2021b. Longitudinal study on the effect of 
autogenous vaccine application on the sequence type and virulence profiles 
of Escherichia coli in broiler breeder flocks. Vet. Microbiol. 259, 12. 

Lutful Kabir, S.M., 2010. Avian colibacillosis and salmonellosis: a closer look at 
epidemiology, pathogenesis, diagnosis, control and public health concerns. Int 
J Environ Res Public Health 7, 89-114. 

Mageiros, L., Méric, G., Bayliss, S.C., Pensar, J., Pascoe, B., Mourkas, E., Calland, 
J.K., Yahara, K., Murray, S., Wilkinson, T.S., Williams, L.K., Hitchings, M.D., 
Porter, J., Kemmett, K., Feil, E.J., Jolley, K.A., Williams, N.J., Corander, J., 
Sheppard, S.K., 2021. Genome evolution and the emergence of pathogenicity 
in avian Escherichia coli. Nature Communications 12, 765. 

 
 
 



64 
 

Maurer, J.J., Brown, T.P., Steffens, W.L., Thayer, S.G., 1998. The occurrence of 
ambient temperature-regulated adhesins, curli, and the temperature-sensitive 
hemagglutinin tsh among avian Escherichia coli. Avian Dis 42, 106-118. 

Mbanga J, Nyararai YO. Virulence gene profiles of avian pathogenic Escherichia coli 
isolated from chickens with colibacillosis in Bulawayo, Zimbabwe. 
Onderstepoort J Vet Res. 2015 Apr 7;82(1):e1-e8. doi: 
10.4102/ojvr.v82i1.850. PMID: 26017325; PMCID: PMC6238794 

Mitchell, N.M., Johnson, J.R., Johnston, B., Curtiss, R., Mellataa, M., 2015. Zoonotic 
Potential of Escherichia coli Isolates from Retail Chicken Meat Products and 
Eggs. Appl. Environ. Microbiol. 81, 1177-1187. 

Mora, A., López, C., Dabhi, G., Blanco, M., Blanco, J.E., Alonso, M.P., Herrera, A., 
Mamani, R., Bonacorsi, S., Moulin-Schouleur, M., Blanco, J., 2009. 
Extraintestinal pathogenic Escherichia coli O1:K1:H7/NM from human and 
avian origin: detection of clonal groups B2 ST95 and D ST59 with different 
host distribution. BMC Microbiol. 9, 132. 

MSD, 2023. Suggested broiler vaccination program in normal challenge areas  
Mtonga, S., Nyirenda, S.S., Mulemba, S.S., Ziba, M.W., Muuka, G.M., Fandamu, P., 

2021. Epidemiology and antimicrobial resistance of pathogenic E. coli in 
chickens from selected poultry farms in Zambia. Journal of Zoonotic Diseases 
5, 18-28. 

Narasinakuppe Krishnegowda, D., Singh, B.R., Mariappan, A.K., Munuswamy, P., 
Singh, K.P., Monalisa, S., Saminathan, M., Ramalingam, R., Chellappa, M.M., 
Singh, V., Dhama, K., Reddy, M.R., 2022. Molecular epidemiological studies 
on avian pathogenic Escherichia coli associated with septicemia in chickens 
in India. Microb Pathog 162, 105313. 

NICD 2021. An update on COVID-19 outbreak in South-Africa The first and second 
wave. https://www.nicd.ac.za/wp-content/uploads/2021/07/An-update-on-
COVID-19-outbreak-in-South-Africa.pdf  

OECD - FAO, h.w.f.o.C.E.M.p. 2022. Meat, OECD - FAO Agricultural outlook 2022 -
2031, https://www.fao.org/3/CC0308EN/Meat.pdf. 

Olsen, R.H., Frantzen, C., Christensen, H., Bisgaard, M., 2012. An Investigation on 
First-Week Mortality in Layers. Avian Diseases 56, 51-57, 57. 

Paixão, A.C., Ferreira, A.C., Fontes, M., Themudo, P., Albuquerque, T., Soares, 
M.C., Fevereiro, M., Martins, L., de Sá, M.I.C., 2016. Detection of virulence-
associated genes in pathogenic and commensal avian Escherichia coli 
isolates. Poultry Science 95, 1646-1652. 

Parreira, V.R., Arns, C.W., Yano, T., Virulence factors of avian Escherichia coli 
associated with swollen head syndrome. Avian Pathol. 1998;27(2):148-54. 
doi: 10.1080/03079459808419316. PMID: 18483979. 

Rodriguez-Siek, K.E., Giddings, C.W., Doetkott, C., Johnson, T.J., Nolan, L.K., 
2005a. Characterizing the APEC pathotype. Vet Res 36, 241-256. 

Rodriguez-Siek, K.E., Giddings, C.W., Doetkott, C., Johnson, T.J., Nolan, L.K., 
2005b. Characterizing the APEC pathotype. Veterinary research 36, 241-256. 

Salehi, T. Z., S. A. Madani, V. Karimi and F. A. Khazaeli (2008). "Molecular genetic 
differentiation of avian Escherichia coli by RAPD-PCR." Braz J Microbiol 
39(3): 494-497. 

SAPA 2020. INDUSTRY-PROFILE. https://www.sapoultry.co.za/wp-
content/uploads/2022/03/SAPA-INDUSTRY-PROFILE-2020.pdf 

Shah, Q.A., Soomro, N.M., Shah, J.M., Hussain, M.A., Syed, S.F., 2021. Avian 
Escherichia coli infection in meat-type chicken: prevalence and pathology. 

 
 
 



65 
 

Pakistan Journal of Agriculture, Agricultural Engineering, Veterinary Sciences 
37, 132-138. 

Skyberg J. A., H.S.M., Giddings C. W., Wooley R. E., Gibbs P. S., Nolan L. K., 2003. 
Characterizing Avian Escherichia coli Isolates with multiplex polymerase chain 
reaction. 

Subhashinie, K., Han, J., 2019. Avian pathogenic Escherichia coli: link to foodborne 
urinary tract infections in humans, 261-292 pp. 

Tukey, J.W., 1949. Comparing Individual Means in the Analysis of Variance.pdf>. 
           UF 2023. The global supply chain consequences of the Russia-Ukraine war. 
           UN, D.o.e.a.s.a. 2022. World population prospects 2022 summary of results, 

accessed December 2022. 
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa
.pd/files/wpp2022_summary_of_results.pdf. 

Van den Bogaard, A.E., London, N., Driessen, C., Stobberingh, E.E., 2001. Antibiotic 
resistance of faecal Escherichia coli in poultry, poultry farmers and poultry 
slaughterers. Journal of Antimicrobial Chemotherapy 47, 763-771. 

Van der Westhuizen, W., Bragg, R., 2012. Multiplex polymerase chain reaction for 
screening avian pathogenic Escherichia coli for virulence genes. Avian 
Pathology : journal of the W.V.P.A 41, 33-40. 

Van der Westhuizen, W. A., 2017. Expression of avian pathogenic Escherichia coli 
(APEC) virulence factors, Iss and HlyF, as potential sub-unit vaccine 
candidates. 
https://scholar.ufs.ac.za/bitstream/handle/11660/7731/VanderWesthuizenWA.
pdf?sequence=1&isAllowed=y  

Wells, L.L., Lowry, V.K., DeLoach, J.R., Kogut, M.H., 1998. Age-dependent 
phagocytosis and bactericidal activities of the chicken heterophil. Dev Comp 
Immunol 22, 103-109. 

Wilczyński, J., Stępień-Pyśniak, D., Wystalska, D., Wernicki, A., 2022. Molecular and 
Serological Characteristics of Avian Pathogenic Escherichia coli Isolated from 
Various Clinical Cases of Poultry Colibacillosis in Poland. Animals (Basel) 12. 

Xuhua, C., Wenxing, L., Huoming, L., Shigan, Y., Fengwei, J., Wentong, C., Ganwu, 
L., 2021. Whole genome sequencing analysis of avian pathogenic Escherichia 
coli from China. Veterinary Microbiology 259, 109158. 

Zhuge, X.K., Zhou, Z., Jiang, M., Wang, Z.X., Sun, Y., Tang, F., Xue, F., Ren, J.L., 
Dai, J.J., 2021. Chicken-source Escherichia coli within phylogroup F shares 
virulence genotypes and is closely related to extraintestinal pathogenic E. coli 
causing human infections. Transboundary and Emerging Diseases 68, 880-
895. 

Zoetis, 2023. Full-strength E. coli protection. 
https://www3.zoetisus.com/products/poultry/poulvac-e_coli/default.aspx 

 

 

 

 

 

 
 
 



66 
 

ADDENDUM A 
 

 

 

 

 
 
 



67 
 

ADDENDUM B 

 

 

 

 

 

 
 
 



68 
 

ADDENDUM C 

 

 

 
 
 


