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Abstract 

This paper describes a retrospective analysis of necrotising typhlitis in common 

rhea (Rhea americana) diagnosed in the United Kingdom by the Animal & Plant 

Health Agency (APHA). From January 2008 to January 2020, seven cases of 

spirochaetal typhlitis associated with Brachyspira spp. were identified using the 

VIDA database. Gross examination was combined with selective anaerobic 

culture, PCR and histopathology to diagnose typhlitis associated with spirochaetal 

infection. Whole genome sequencing was subsequently utilised on archived 

isolates from six of the seven submissions, overcoming issues with traditional 

testing methods and yielded gains in identification of Brachyspira to species level. 

Brachyspira hyodysenteriae, an organism traditionally associated with typhlitis in 

rheas, was isolated in three sequenced submissions. One of these also 
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demonstrated coinfection with Brachyspira intermedia. Brachyspira suanatina, 

Brachyspira hampsonii and Brachyspira alvinipulli were identified by sequencing 

as single infections in the remaining three animals. This report demonstrates the 

ability of Brachyspira species other than B. hyodysenteriae to colonise the caeca 

of rhea presenting with typhlitis. Additionally, the B. alvinipulli isolate harboured a 

tva(A) gene, indicative of higher potential pleuromutilin resistance, which has not 

previously been described in this Brachyspira species. This study discusses the 

epidemiology of examined cases, and examines the potential role other species 

may play in these outbreaks.  

Key words: rhea, typhlitis, intestinal spirochaete, Brachyspira spp., tva(A) gene, 

sequencing  

Introduction 

The common rhea (Rhea americana) is a member of the order Rheiformes, which 

comprise flightless ground dwelling birds of the ratite family. Surveillance data on 

diseases of rhea in the United Kingdom is sparse, due to low population numbers 

and often non-commercial interests of owners. One well recognised cause of 

mortality in common rhea in the United States is necrotising typhlitis caused by 

Brachyspira spp. (Sagartz et al., 1992; Hanley et al., 1994; Buckles et al., 1997). 

This condition is characterised by the presence of spirochaetes in the caecum or 

occasionally the rectum (Hampson, 2019), resulting in high mortality rates in 

affected flocks. Anaerobic culture of caecal material typically results in growth of 

strongly beta haemolytic spirochaetes, which in previous studies have been 

further identified both morphologically and by 16S rRNA analysis as Brachyspira 

hyodysenteriae (Jensen et al., 1996). In early studies species level identification of 



spirochetes was not performed, meaning presence of Brachyspira hyodysenteriae 

cannot be ruled out in these cases (Sagartz et al., 1992; Buckles et al., 1997)  

Brachyspira spp. (formerly Serpulina) are motile, flagellated, helical anaerobic 

oxygen tolerant spirochaetes (Mappley et al., 2014). They comprise both 

pathogenic and non-pathogenic species which have been reported in the intestinal 

tracts of humans (Mikosza & Hampson, 2001; Tsinganou & Gebbers, 2010; 

Hampson 2017), pigs (Burrough, 2017; Hampson, 2017; Zeeh et al., 2018), small 

rodents (Trott et al., 1996; Backhans et al., 2010; Backhans et al., 2013), dogs 

(Hidalgo et al., 2010), commercial poultry (Jansson et al., 2004; Hess et al., 2017; 

Herbst et al., 2018), wild birds (Jansson et al., 2004; Jansson et al., 2011; 

Martinez-Lobo et al., 2013) and captive rhea (Sagartz et al., 1992; Jensen et al., 

1996; Trott et al., 1996; Trampel et al., 1999; Kutzer et al., 2007). Typically, 

identification of this organism requires culture on solid blood medium, with the 

addition of antibiotics to aid bacterial isolation. Depending on the spirochaete 

species present, organisms can be either weakly or strongly beta haemolytic. 

Biochemical reactions are carried out on organisms to phenotypically identify 

different species (Mappley et al., 2014). It is not unusual to isolate more than one 

species of Brachyspira in single samples. Both pathogenic and non-pathogenic 

species can be detected in animals showing signs of disease, meaning 

establishing the significance of each species can be difficult (Duhamel et al., 

1998; Feberwee et al., 2008). 

In previous studies, a range of diagnostics including anaerobic culture, 

histopathology including the use of Warthin-Starry staining, and Polymerase 

Chain Reaction (PCR) have been utilised. However difficulties in identifying 



Brachyspira to species level using standard biochemical identification are well 

recognised. Contributing factors include the often mixed spirochaete populations 

in avian species (Feberwee et al., 2008; Hess et al., 2017; Herbst et al., 2018), 

overgrowth of commensal bacteria masking haemolysis patterns (Buckles et al., 

1997; Feberwee et al., 2008), and the poor matching of biochemical tests results 

to PCR results of the same isolate (Feberwee et al., 2008; Jansson et al., 2011). 

The current standard biochemical profiles for identification of Brachyspira spp. are 

determined using methods described for porcine samples by Hommez et al. 

(1998) and are limited to the species hyodysenteriae, intermedia, murdochii, 

innocens and pilosicoli. Many of the newly characterised species groupings 

identified in avian species such as Brachyspira suanatina and Brachyspira 

hampsonii have only been identified in small numbers of birds. Therefore standard 

biochemical profiles have either not been determined (Feberwee et al., 2008) or 

are not completely effective in differentiating between genetically similar members 

of the group (Mirajkar et al., 2016), making identification of organisms to species 

level difficult. 

This paper describes the retrospective analysis of necrotising typhlitis associated 

with Brachyspira spp. in rhea submitted to the network of Animal and Plant Health 

Agency (APHA) Veterinary Investigation Centres in England between January 

2008 and January 2020. Due to the advances in the range of molecular testing 

made available in the past few years, this analysis was able to utilise whole 

genome sequencing, leading to identification of several Brachyspira spp. for the 

first time in rhea in the Great Britain.  

Materials and Methods 



Case Identification. Diagnoses of necrotising typhlitis associated with 

Brachyspira spp. were identified using the APHA Veterinary Investigation 

Diagnosis Analysis (VIDA) system. This database was formed in 1975 and 

includes all diagnoses made in Great Britain by government and government 

contracted Veterinary Investigation (VI) Centres generated for the passive 

endemic surveillance programme. Diagnoses are assigned to both carcase and 

sample submissions following a strict set of diagnostic criteria set out by the VIDA 

database. Cases were selected for inclusion in this study which documented 

gross pathology consistent with necrotising typhlitis and recorded detection of 

Brachyspira sp. using culture/PCR methods. The clinical history accompanying 

each case was recorded at the time of submission using a standardised APHA 

submission form with history parameters listed as headers in table 1. 

Gross and histological pathology. A complete carcase was submitted for 

examination in cases 1, 2, 3, 5 and 7. In case 2 the carcase had been frozen for 

two days prior to submission. In case 3 the carcase had been frozen for an 

unknown length of time before submission. A standard avian diagnostic post-

mortem examination was carried out and a range of tissues were collected from 

each case and stored both fresh/frozen and in all cases apart from case 3, fixed in 

formalin for further testing. In cases 4 and 6 the post-mortem examination was 

completed on the farm premises by the submitting private practitioner. The post-

mortem protocol for these cases is not known. In these submissions, samples of 

caecal content, fresh and fixed caecal tissue and additionally in case 6 small 

intestinal content and liver, were submitted to an APHA VI Centre.  



For histopathology, selected samples from the large intestine were fixed in 10% 

neutral buffered formalin and processed to paraffin wax blocks using increasing 

concentrations of alcohol and xylene. Sections of 5 μm were cut and stained with 

haematoxylin and eosin. Warthin-Starry silver stain was carried out (Swisher, 

2002).  Histopathological examination was carried out in six submissions and in 

five of those (cases 1, 2, 5, 6 & 7), a detailed description was available. In case 4 

due to the retrospective nature of this investigation, no detailed report, slides or 

paraffin block were retrievable from archive.  

Differential diagnoses testing. Apart from Brachyspira spp., other potential 

causes of necrotising typhlitis in poultry include Salmonella spp., gastrointestinal 

parasites including coccidia, and Clostridium spp. (Uzal et al., 2016). Diagnostic 

testing to investigate these differentials varied in these submissions (Table 2) and 

was selected at the discretion of the Veterinary Investigation Officer based on the 

clinical history and gross pathological findings. Additionally, some testing methods 

have changed, or become available since the beginning of the time period 

covered by this study.  

Salmonella spp. In cases 2, 5 & 7 culture of caecal contents for Salmonella spp. 

was carried out using a combined direct plating and enrichment broth culture 

method.  The media used is selective which specifically promotes the growth of 

Enterobacteriaceae organisms and through the presence of a pH indicator allows 

identification of suspect Salmonella colonies as a result of media colour change.  

Caecal content samples were aseptically inoculated onto a Brilliant Green Agar 

and Novobiocin (BGAN) solid agar plate (Thermo Fisher Scientific Oxoid, 

Basingstoke, UK) and into a Selenite F enrichment broth (APHA Newcastle 



media, Newcastle, UK) at a ratio of 1:10 (Sample : Enrichment broth).  These 

were then incubated at 37°C for 18 to 24 hours.  After incubation the BGAN was 

examined for Salmonella growth and any suspect colonies were investigated 

using specific biochemical and agglutination techniques.  Additionally, a sample 

from the incubated enrichment broth was inoculated onto a BGAN agar plate and 

a Xylose Lysine Deoxycholate (XLD) agar plate (Thermo Fisher Scientific Oxoid, 

Basingstoke, UK) using a standard streaking method.  These plates were then 

incubated at 37°C for 18 to 24 hours.  As above, following incubation, these plates 

were examined for Salmonella growth and any suspect colonies were investigated 

using specific biochemical and agglutination techniques. 

Gastrointestinal parasites. In cases 2, 4, 5 & 7 the presence of gastrointestinal 

worms and coccidia was investigated. Direct microscopy of caecal mucosa 

smears was performed in all four cases, with additional direct microscopy of the 

small intestinal mucosa performed in cases 5 and 7. Additionally, an improved 

modified McMaster count was performed on large intestinal content in case 5. 

Worms were identified macroscopically in the mid and distal small intestine during 

the post-mortem examination in case 2, these subsequently underwent 

microscopic morphological identification. All parasitology procedures followed 

previously reported methods (Ministry of Agriculture, Fisheries and Food, 1986). 

Clostridium spp. Clostridium spp. were investigated in case 2 and 6. In case 2, 

anaerobic culture was performed on caecal contents using culture and 

identification methods described previously (PHE, 2016). In case 6 a Sandwich 

ELISA kit for Clostridium perfringens Alpha, Beta and Epsilon toxins (Multiscreen 



AgELISA Enterotoxaemia, Bio-X Diagnostics, Jemelle, Belgium) was performed 

on small intestinal contents as per the instructions of the manufacturer. 

Brachyspira culture and isolation. Six diagnostic samples comprising caecal 

contents (cases 2, 3, 4, 5, 6) and a caecal swab (case 7) from rheas were tested 

by APHA using Brachyspira culture methods as part of this study. The samples 

were cultured onto agar similar to that as described by Fellström & Gunnarsson 

(1995), with the sheep blood used at a concentration of 7%, and the omission of 

sodium ribonucleate.  They were then incubated anaerobically at 42°C for up to 5 

days. After incubation, Gram stains were made from beta-haemolytic areas to 

confirm the presence of spirochaetes, and these were sub cultured onto non-

selective fastidious anaerobic agar with 5% horse blood (Lab M, Heywood, UK) 

for further purification. Once pure, isolates were investigated for biochemical 

characteristics.   

Indole production was tested by making a suspension of approximately McFarland 

2 in 0.5ml Tryptone Soya Broth (CM129 Thermo Fisher Scientific Oxoid, 

Basingstoke, UK) supplemented with 10% DL-cysteine HCL (C-9768 Sigma-

Aldrich, Gillingham, UK), 10% glucose solution and new-born calf serum (N-4637 

Sigma-Aldrich, Gillingham, UK).  This was incubated anaerobically at 37°C 

overnight and then overlaid with Kovacs reagent (CK9020 BioConnections, 

Knypersley, UK).  Hippurate hydrolysis was tested by making a suspension of 

approximately McFarland 2 in 0.5ml of 1% sodium hippurate solution (H9380 

Sigma-Aldrich, St Louis, USA).  This was incubated anaerobically at 37°C 

overnight and then 3.5% Ninhydrin (CK9058 BioConnections, Knypersley, UK) 

was added. α-glucosidase, β-glucosidase and α-galactosidase reactions were 



carried out by adding a Rosco Diatab™ (BioConnections, Knypersley, UK), to 

0.5ml of a McFarland 4 suspension of sample in saline, and incubated 

anaerobically at 37°C overnight.    

Isolates were also tested using a slide agglutination test.  The antisera for this test 

was prepared in a similar way to that previously described (Lemcke & Burrows 

1979; Burrows & Lemcke, 1981) with the alteration that strains used for rabbit 

immunisation consisted of B. hyodysenteriae P18A, P30/1, and P58/4, and those 

used for absorption included B. innocens strains 4/71 and PWSA and B. pilosicoli 

strain M1.  All strains were initially cultured on fastidious anaerobic agar with 5% 

horse blood (Lab M, Heywood, UK). If an organism was identified as a spirochete 

which did not fit the standard biochemical profiles determined for Brachyspira 

species, it was recorded as ‘Brachyspira sp.’ 

Anaerobic conditions for the culture methods and follow up tests were created 

using MACS VA500 anaerobic workstations (Don Whitley Scientific, Shipley, UK)  

23S rRNA gene based Polymerase Chain Reaction. A 23S rRNA gene-based 

PCR test that detects Brachyspira hyodysenteriae and Brachyspira pilosicoli 

specifically was utilised on caecal contents in cases 1, 2 & 7, and a Brachyspira 

culture plate isolate in case 6.  

This is a two-stage test developed in-house that initially amplifies a 555 bp target 

sequence of the 23S rRNA gene of Brachyspira species, with positive product 

demonstrated on agarose gel along with an internal reference gene as an 

indicator of successful DNA extraction. In positive samples the second stage 

involves use of restriction enzymes to digest the amplified PCR product to identify 

and differentiate between certain Brachyspira species. By cleaving the sequence 



at specific recognition sites, different sized digest products can be visualised on 

polyacrylamide gel to determine if the target species are present. Product sizes 

specific for B. hyodysenteriae and B. pilosicoli can be identified and differentiated 

from a number of other Brachyspira species that give different product sizes but 

do not provide any further species-specific identification. Species including B. 

innocens, B. intermedia, B. mudochii, B. hampsonii and B. suanatina fit into the 

latter category and give a test result of ‘Brachyspira sp.’  

Whole genome sequencing. Seven Brachyspira culture isolates were obtained 

from six submissions (case 5 comprised two isolates assigned as 5A and 5B), the 

remaining case (case 1) did not have isolates available. In cases submitted before 

2019, culture isolates were obtained from APHA bead archives. Isolates were 

cultured anaerobically on fastidious anaerobe blood agar (FABA) at 38°C for three 

to five days. DNA extracts were prepared using PrepMan™ Ultra (Thermo Fisher 

Scientific, Renfrew, UK) according to the manufacturer’s protocol and Illumina 

HiSeq whole genome sequencing (WGS) performed. The resulting sequences 

were analysed using the Nullabor pipeline (version 1.2) (Seemann et al.), using 

the published genome of B. hyodysenteriae strain WA1 (accession number 

NC_01225) as reference, and SPAdes (Bankevich et al., 2012) and Prokka 

(Seemann, 2014) for genome assembly and annotation respectively. The 

sequences for the genes encoding the 16S ribosomal RNA, the 60kDa chaperonin 

protein (cpn60) (Rohde et al., 2019) and NADH oxidase (nox) (Atyeo et al., 1999) 

were extracted from the de novo assemblies using custom scripts. To determine 

the species identity of each isolate, these sequences were aligned using ClustalW 

in Lasergene 11 MegAlign (DNASTAR, Madison, WI, USA), alongside reference 

genes downloaded from NCBI from type strains for each Brachyspira species. The 



nox gene tree was viewed and annotated in Interactive tree of life (version 5.3) 

(Letunic & Bork, 2016).  

To assess the phylogenetic relationship of isolates identified as B. hyodysenteriae 

the genomes were re-analysed together with 97 published B. hyodysenteriae 

genomes (Black et al., 2015; La et al., 2016b; Card et al., 2018; Card et al., 2019) 

using the Nullabor pipeline as above. The Sequence Type (ST) of B. 

hyodysenteriae isolates was determined by interrogation of the assembled 

genome using the PubMLST database (https://pubmlst.org/brachyspira/) 

(Råsbäck et al., 2007b). 

Single nucleotide polymorphisms (SNPs) in chromosomal genes that are known to 

confer antimicrobial resistance in B. hyodysenteriae (16S ribosomal RNA, 23S 

ribosomal RNA and 50S ribosomal proteins L2, L3, L4 and L22) (Card et al., 2018; 

Hidalgo et al., 2011; Hillen et al., 2014; Pringle et al., 2007; Pringle et al., 2004) 

were identified by ClustralW alignments performed in Lasergene 11 Megalign 

software (DNASTAR, Madison, WI, USA). E. coli numbering was used for the 16S 

and 23S rRNA genes and polypeptide sequences were numbered according to 

the sequence in Brachyspira hyodysenteriae strain WA1. Isolates were also 

screened for the presence of the lincomycin and pleuromutilin resistance genes 

lnuC (De Luca et al., 2018) and tva(A) (Card et al., 2018) respectively. 

The whole genome sequence data for this study have been deposited in the 

European Nucleotide Archive (ENA) at EMBL-EBI under accession number 

PRJEB41220 (https://www.ebi.ac.uk/ena/browser/view/PRJEB41220). 

Cpn60UT sequencing. The isolates from cases 3 and 6 were additionally tested 

by cpn60UT sequencing to verify species identification. For this trimmed 

https://pubmlst.org/brachyspira/
https://www.ebi.ac.uk/ena/browser/view/PRJEB41220


sequences were analysed using FASTA to query a database of cpn60 nucleotide 

sequences (http://www.cpndB.ca/index.php), as described previously (Hill et al., 

2006). An isolate was identified to the species level if the cpn60UT sequence 

showed ≥99% identity to the sequence of the type strain and >0.8% separation 

from other species (CLSI, 2008).  

Species-specific PCRs. Two species specific PCRs were employed for species 

identification: for case 3 B. suanatina rpoC gene (La et al., 2016a) and case 6 the 

B. hampsonii tlyA gene (tlyAhamp-F: AAAGCCTTTATAGAATTTGGTATATC; 

tlyAhamp-R: AATAGGGGCTATTTTTGATATTGAT; size of the product 288 bp) 

(Rohde et al., 2019). 

Results 

Clinical presentation. Cases were submitted from six counties; Bristol (n=2), 

Devon (n=1), Dorset (n=1), Essex (n=1), Lancashire (n=1) and East Sussex (n=1) 

and were all submitted between the months of October and April from 2008 to 

2020. The signalment of the affected rhea and the farm history for each case are 

presented in Table 1. The age of affected birds ranged from three months to three 

years.  All submitted animals were kept for non-commercial purposes in grass 

paddocks. Four cases (cases 2, 4, 5, 6) presented as sudden death with no 

premonitory clinical signs seen, however in two of these (cases 4 & 5) the 

previous rhea to die on the unit had presented with haemorrhagic diarrhoea. In 

two cases (cases 1 & 7) the affected birds displayed signs including anorexia, 

malaise and diarrhoea for between two and seven days before death. In case 3 

diarrhoea of an unknown duration was noted before death in the submitted animal 

and the previous four affected birds on the farm. Contact between the affected 

http://www.cpndb.ca/index.php


rhea and wild waterfowl was recorded in four of the seven cases (1, 5, 6 & 7). 

Direct contact, defined as sharing the same enclosure, with commercial poultry 

was reported in three cases (5, 6 & 7). Indirect contact, defined as being present 

on the farm but not sharing the enclosure, with pigs or poultry was reported in two 

cases (2 & 4). No clinical disease was reported in other species on the farm in any 

case. In case 1 the contact history was incomplete and in case 3 the history was 

not available. 

Gross and histopathological examination. The gross post-mortem findings in 

all cases were similar and consisted of dilatation and diffuse necrosis of the caeca 

with an overlying diphtheritic membrane (Fig. 1). In case 2, the body condition of 

the bird was poor. Additionally, in all five carcases submissions, the gizzard was 

distended with fibrous material and in case 5 and 7, also contained shards of 

glass and other inappropriate material. In case 1 the findings also included a large 

volume of fibrous material in the proventriculus, with impaction suspected.   

Review of the available histopathology reports in case 1, 2, 5, 6 and 7 confirmed 

the gross findings of a necrotizing typhlitis. The lesions were characterized by 

marked fibrinocellular exudate overlying the mucosa which corresponds to the 

diphteric membranes observed at gross examination (Fig. 2A). In case 1 and 6, a 

granulomatous reaction was detected. In all cases, very large numbers of bacteria 

were detected associated with the lesions. Silver staining revealed numerous 

spiral-shaped organisms in all those cases (Fig. 2B). Whilst the morphology of 

these bacteria is non-specific, the spiral shape is consistent with Brachyspira spp. 

organisms. 



Differential diagnoses testing. The results from testing for differential diagnoses 

except Brachyspira spp. are presented in Table 2. In case 2, numerous small 

nematodes microscopically identified as Deletrocephalus dimidatus were present 

in the mid and distal small intestine. In case 5, 300 Capillaria spp. eggs per gram 

were detected in large intestinal content. A worm morphologically similar to 

Heterakis spp. was microscopically identified in the small intestine, however 

further identification to definitive species level was not carried out. In case 2, 

Clostridium sporogenes was identified via culture methods and in case 6 the 

Antigen ELISA test displayed a positive result for Clostridium perfringens Alpha 

toxin. The presence of Alpha toxin in the absence of Beta and Epsilon toxins is 

suggestive of Clostridium perfringens type A.   

Brachyspira diagnostic testing. Testing for Brachyspira spp. yielded positive 

results in all seven submissions (Table 3). The definitive Brachyspira spp. 

involved was determined where possible by the whole genome sequencing result. 

In cases where WGS was not carried out, the next most sensitive test result was 

taken as the definitive diagnosis. This is shown in bold in Table 3.   

Brachyspira culture and isolation. Brachyspira spp. were isolated by culture in 

all six tested submissions (Table 3). In five cases (1, 2, 3, 4 & 5) isolated 

spirochaetes fitted the biochemical profile for B. hyodysenteriae. In case 5, an 

additional distinct spirochaete organism was isolated (5B). This, along with the 

spirochete isolates in cases 6 and 7 did not fit known Brachyspira sp. biochemical 

profiles.  

23S rRNA gene based Polymerase Chain Reaction. Positive results were 

gained from all four tested submissions. PCR testing in cases 1 and 2 was 



positive for B. hyodysenteriae. Brachyspira species were present in cases 6 and 7 

but were not further identified by the test.  

Whole genome sequencing. Species identification by WGS as observed by the 

alignment of nox (Fig. 3), cpn60 and 16S rRNA genes with type strains identified 

B. hyodysenteriae (n=3), B. intermedia (n=1), B. alvinipulli (n=1), B. hampsonii 

(n=1) and B. suanatina (n=1). For each isolate the species assignation by all three 

genes were in agreement. Isolates from cases 2, 4 and 5A were identified as B. 

hyodysenteriae, case 3 as B. suanatina, case 5B as B. intermedia,  case 6 as B. 

hampsonii, and in case 7 as B. alvinipulli in this analysis.  

The three B. hyodysenteriae isolates (cases 2, 4, and 5A) were not closely related 

to any published B. hyodysenteriae genomes, including UK pig isolates. The gdh 

(glutamate dehydrogenase) gene was not detected in the isolate from case 5, and 

so had a partial ST in MLST. Case 2 had a new MLST ST, assigned ST258, and 

case 4 was ST231. 

The isolate from case 3 was confirmed as B. suanatina, having 100% cpn60UT 

identity to the type strain B. suanatina AN4859/03 and only 96.9% identical to the 

sequence of B. hyodysenteriae B78, the next closest match. This isolate was also 

positive in the B. suanatina-specific PCR. 

The isolate from case 6 was confirmed as B. hampsonii in additional testing, 

having a cpn60UT sequence with 99.5% identity to the sequence of the type strain 

B. hampsonii NSH-16 (the next most closely related Brachyspira species was B. 

intermedia PSW/A with 95.7% identity). This isolate was also positive in the B 

hampsonii specific PCR.  



The B. alvinipulli isolate, from case 7, contained the tva(A) gene associated with 

reduced susceptibility to pleuromutilins, tiamulin and valnemulin, in B. 

hyodysenteriae. The remaining six isolates showed no known genes or SNPs 

associated with reduced susceptibility to tiamulin, valnemulin, doxycycline, 

lincomycin, tylosin or tylvalosin in B. hyodysenteriae. 

Discussion 

This retrospective surveillance review confirms that typhlitis associated with a 

range of Brachyspira spp. is a threat to rhea in the United Kingdom.  

A variety of diagnostic testing available at the time of receipt of the bird was 

carried out as part of these investigations to rule out other causes of 

gastrointestinal disease. In cases 2 and 5, gastrointestinal worms were detected. 

Deletrocephalus dimidiatus, present in case 2, has previously been reported in 

common rheas in the UK (Taylor et al., 2000), and can cause weakness and 

diarrhoea. This animal presented with sudden death, although watery faeces was 

noted on post-mortem examination. The nematode burdens detected are not 

surprising given that these animals were grazing pasture before death. 

Additionally, Clostridia spp. were identified in two cases. Both Clostridium 

sporogenes and Clostridium perfringens are recognised commensals of the 

gastrointestinal tract in humans and animals, however Clostridium perfringens has 

been implicated in causing necrotising enteritis in ratites (Cooper et al., 2013). 

Importantly none of these co-pathogens were reported consistently throughout the 

case series. Although the significance of these co-infections is uncertain, the 

gross pathological finding of pseudo-membrane formation in the caecum of all 

these cases and the consistent absence of small intestinal lesions as well as to 



some extent the clinical history, is in agreement with previous reports on 

Brachyspira spp. infections in rheas (Sagartz et al., 1992; Buckles et al., 1997). 

Stress and inadequate diet are well documented risk factors for disease in ratites 

(Buckles et al., 1997; Chang Reissig & Robles., 2001), and may have also been 

contributing factors in these cases.  

Despite limitations in completing and interpreting testing of differential diagnoses 

for typhlitis in these cases, we hypothesise that the Brachyspira spp. identified in 

this study were significant and contributed to clinical illness. Whilst the limitations 

that freezing of tissues has on histopathology are recognised, in case 2 it was 

nevertheless possible to detect the lesions indicative of a necrotizing typhlitis with 

spiral shaped organisms. A combination of diagnostic methods including culture, 

PCR testing and highly sensitive whole genome sequencing have been combined 

to identify Brachyspira spp. in these cases.  

In addition to Brachyspira hyodysenteriae, which has been widely reported as the 

cause of necrotising typhlitis in rhea (Jensen et al., 1996; Trott et al., 1996, 

Trampel et al., 1999; Kutzer et al., 2007), this retrospective analysis identified B. 

suanatina, B. intermedia, B. hampsonii, and B. alvinipulli in common rhea for the 

first time. All these species are considered pathogenic in various poultry species 

and/or swine, where they are a cause of typhlitis and/or colitis. In the case of 

Brachyspira suanatina, this is also the first detection of this organism in Great 

Britain.  

The B. alvinipulli strain identified in our investigations contained a new variant of 

the tva(A) gene associated with reduced susceptibility to pleuromutilin in B. 

hyodysenteriae (Card et al., 2018). This is the first report of this gene in a B. 



alvinipulli isolate. The presence of the tva(A) gene predicts reduced antimicrobial 

sensitivity to pleuromutilins in B. hyodysenteriae, including tiamulin, a drug that is 

used in the treatment of flock avian intestinal spirochaetosis outbreaks. Although 

the tva(A) gene does not guarantee clinical resistance, it does suggest higher 

concentrations of tiamulin should be employed to prevent resistance (Hampson et 

al., 2019). 

Limitations to the traditional methods for detection of Brachyspira spp. have been 

well demonstrated in this study. In case 3, culture and biochemical testing 

identified B. hyodysenteriae. However, WGS identified the same isolate as B. 

suanatina. This discrepancy is likely due to the lack of biochemical test profile to 

aid B. suanatina identification (Feberwee et al., 2008). The inability of both culture 

and 23s rRNA PCR methods to identify isolates in cases 6 and 7 to species level 

are well reported problems (Feberwee et al., 2008; Hess et al., 2017) and further 

demonstrates the advantages of molecular sequencing methods. Additionally, the 

coinfection of Brachyspira spp. in case 5 also required sequencing to reach a 

phenotypic speciation of isolate 5B (B. intermedia). Difficulties in identification of 

mixed infections may reflect low bacterial loads or overgrowth of contaminating 

flora (Phillips et al., 2005). These findings emphasise the importance of combining 

traditional and novel molecular testing in classification of spirochaetal infections in 

all species.  

The route of infection in these cases is unclear. Migratory waterfowl have been 

shown to carry all the Brachyspira spp. isolated from these cases (Råsbäck et al., 

2007a; Jansson et al., 2011; Martinez-Lobo et al., 2013; Rubin et al., 2013). B. 

hyodysenteriae and B. suanatina have been isolated from farmed mallards (Anas 



platyrhynchos) (Glávits et al., 2011), and B. hyodysenteriae, B. intermedia, and B. 

alvinipulli have been found to colonise commercially kept chickens (Feberwee et 

al., 2008; Myers et al., 2009; Medhanie et al., 2013; Amin et al., 2014; Hess et al., 

2017; Herbst et al., 2018). Pigs are able to harbour B. hyodysenteriae, B. 

suanatina, B. intermedia and B. hampsonii (Råsbäck et al. 2007a; Jensen et al., 

2000; Komarek et al., 2009; Chander et al., 2012; Rohde et al., 2014; Rohde et al, 

2018; APHA, 2019). Contact with wild waterfowl was reported in the majority of 

the submitted cases, with several cases reporting direct or indirect contact with 

captive poultry or porcine species.  

The rhea cases investigated in this present study showed a similarly strong winter 

seasonality. Predisposing factors for disease related to this in our cases may have 

included seasonal modulations in pathogen shedding by wild birds (Jansson et al., 

2004), and cold temperatures facilitating longer survival of spirochaetes on 

pasture (Phillips et al., 2003; Schwartz et al., 2012). These factors need to be 

investigated further to ascertain their role in disease. Geographical location of 

affected rhea is also of interest with the majority of our cases located in Southern 

England. However, timing and direction of migratory bird routes and the 

geographical distribution of the UK rhea population were not examined as part of 

this study.  Host relationships and in-vivo cross species transmissibility of 

Brachyspira spp. including that by migratory wild birds warrants further 

investigation.  

The authors hypothesise that along with B. hyodysenteriae; B. suanatina, B. 

intermedia, B. hampsonii and B. alvinipulli also cause necrotising typhlitis in rhea. 

Not only has WGS allowed these organisms to be identified in rhea displaying 



lesions of necrotising typhlitis for the first time, but it has also detected presence 

of genes associated with lessened antimicrobial susceptibility, something which is 

of commercial interest to the pig and poultry sectors.  
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Figure 1: Gross appearance typical of brachyspiral typhlitis in rhea. Necrosis of 

the caecal mucosa in case 5 with an overlying diphtheritic membrane. 
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Figure 2: Typical histopathology of brachyspiral typhlitis in rhea. A) Acute 

necrotising typhlitis in case 6 with submucosal oedema, dilated glands, a band of 

necrotic debris and fibrin and large numbers of bacteria on the surface (H&E, 

original magnification x400). B) Large numbers of spiral-shaped bacteria are 

detected associated with the typhlitis in case 6 (Warthin-Starry silver stain, original 

magnification x 600) 



 

 

Figure 3: ClustralW alignment of the nox gene of Rhea isolates with Brachyspira 

spp. type strains (NCBI accession numbers given in figure). 



 

Table 1: Signalment of submissions received between January 2008 and 

January 2020 with a diagnosis of necrotising typhlitis associated with 

Brachyspira spp. 

Case 

Age of 

submitted 

bird 

Sex 

Mortality 

rate 

(number of 

rhea dead/ 

number of 

rhea on 

farm) 

Clinical signs 

 

Duration of 

illness 

Contact with 

other livestock 

species on 

farm 

Contact with 

wild birds 

1 3 months 

No data 

available 

5/9 (56%) 

Malaise, wasting, 

diarrhoea 

7 days None reported 

No data 

available 

2 3 years 

No data 

available 

1/2 (50%) 

No premonitory 

signs 

0 days 

Indirect-pigs, 

wild boar 

Direct-wild 

mallards and 

black swans 

3 6 months Female 5/9 (56%) Diarrhoea 

No data 

available 

No data 

available 

No data 

available 

4 8 months Female 3/7 (43%) 

No premonitory 

signs 

Other dead rhea 

presented with 

haemorrhagic 

diarrhoea 

0 days 

Indirect-pigs, 

sheep, 

chickens, 

rabbits 

None 

reported 

5 6 months Female 2/6 (33%) No premonitory 0 days Direct- Indirect-



signs 

Other dead rhea 

presented with 

haemorrhagic 

diarrhoea 

chickens, 

ducks, 

turkeys, geese 

Canada 

Geese, Brent 

Geese, 

wading 

waterfowl 

species 

6 8 months 

No data 

available 

2/12 (17%) 

No premonitory 

signs 

0 days 

Direct-

commercial 

geese 

Indirect-pigs, 

wild boar 

Direct-wild 

mallards  

7 7 months Male 2/4 (50%) 

Anorexia, 

diarrhoea 

2 days 

Direct-

chickens 

Direct-wild 

mallards 

 

Table 2: Results of diagnostic investigations into differential diagnoses of 

typhlitis (excluding Brachyspira spp.) in each case. Sample types are 

provided in materials and methods section. 

Case Salmonella spp. 

Gastrointestinal 

worms 

Coccidia spp. Clostridia spp. 

1 NT NT NT NT 

2 Not isolated 

Deletrocephalus 

dimidiatus 

identified on  

direct microscopy 

None seen on direct 

microscopy 

Clostridium sporogenes isolated 

on culture 

3 NT NT NT NT 

4 NT 

None seen on 

direct microscopy 

None seen on direct 

microscopy 

NT 

5 Not isolated 

Worm 

morphologically 

similar to 

Heterakis sp. 

identified in SI.  

300 Capillaria spp. 

None seen on modified 

McMaster and direct 

microscopy 

NT 



eggs per gram 

faeces on modified 

McMaster 

6 NT NT NT 

Clostridium perfringens Alpha 

toxin positive on AgELISA 

7 Not isolated 

None seen on 

direct microscopy 

None seen on direct 

microscopy 

NT 

NT- Not tested 

Table 3: Results of testing carried out to diagnose Brachyspira spp. The 

organisms in bold represent the definitive final diagnosis (Sample types 

used for each test are provided in materials and methods). 

Case Biochemical profile of isolates 23S rRNA gene PCR Whole Genome Sequencinga Cpn60UT sequencingb 

1 NT B. hyodysenteriae NT NT 

2 B. hyodysenteriae B. hyodysenteriae B. hyodysenteriae NT 

3 B. hyodysenteriae NT B. suanatina B. suanatina  

4 B. hyodysenteriae NT B. hyodysenteriae NT 

5 

(5A) B. hyodysenteriae 

(5B) Brachyspira sp. 

NT 

(5A)  B. hyodysenteriae 

(5B) B. intermedia 

NT 

6 Brachyspira sp. Brachyspira sp. B. hampsonii B. hampsonii  

7 Brachyspira sp. Brachyspira sp. B. alvinipulli NT 

a Whole-genome sequencing; species identified from nox, cpn60 and 16S rRNA 

genes obtained from the assembled genome sequencing 

b Both cases 3 & 6 were also positive for the respective rpoC gene and tlyA gene 

species specific PCRs 

NT- Not tested 

 




