CHAPTER 3.4.4.

BOVINE GENITAL CAMPYLOBACTERIOSIS

SUMMARY

Description of the disease Bovine genital campylobacteriosis (BGC) is a venereal disease also
known as bovine venereal campylobacteriosis. The causal agent of this sexually transmissible disease
is Campylobacter fetus subsp. venerealis, one of three subspecies of C. fetus. Bovine infections with
C. fetus subsp. venerealis are associated with infertility, early embryonic death, and abortion with
considerable economic losses. Bovine infections with C. fetus subsp. fetus are associated with
abortion and have a more sporadic occurrence.

Campylobacter fetus subsp. venerealis has a pronounced tropism for the male and female genital
systems of cattle. Bacterial transmission takes place mainly during natural mating. The disease may
also spread through artificial insemination with semen from infected bulls.

Detection of the agent: Samples taken from bulls, cows or aborted fetuses can be analysed for the
presence of the causal organism. The organism is a thin Gram-negative curved rod that may form S-
shapes, flying seagull silhouette shapes and spirals, and can be cultured on selective media at 37°C
after at least 2 days in a microaerobic atmosphere. Confirmation of organism and discrimination
between the C.fetus subspecies can be achieved using biochemical or molecular methods.
Immunofluorescence may also be used to identify the organism, but it will not differentiate between
different subspecies.

A monoclonal antibody-based capture enzyme-linked immunosorbent assay (ELISA) may also be
used to detect C. fetus from Clarke’s transport enrichment medium. Like immunofluorescence, the
ELISA cannot differentiate adequately between the two C. fetus subspecies and is limited to a
screening method, with traditional cultural methods to confirm identification of any positive ELISA
result. However, compared with immunofluorescence, it has the advantage of higher sensitivity and
specificity for C. fetus identification and much higher throughput for both negative and positive
results where larger volume testing is conducted.

Serological tests: ELISA can be used for evaluating herd immunity, but is not suitable for diagnosis
of the infection in individual animals. This test cannot differentiate between infections caused by the
two subspecies C. fetus subsp. venerealis and C. fetus subsp. fetus.

Requirements for vaccines: While there are commercial vaccines available, and autologous vaccines
based on isolated strains from farms can be used, there is a lack of scientific evidence overall of the
effectiveness of vaccination.

A. INTRODUCTION

1. Description and impact of the disease

Bovine genital campylobacteriosis (BGC, also known as bovine venereal campylobacteriosis) is a venereal disease
characterised by infertility, early embryonic death, and abortion in cattle. The causal agent of this sexually
transmissible disease is Campylobacter fetus subsp. venerealis (Cfv). It can be isolated from the genital tract of
cattle (e.g. preputial smegma, vaginal mucus) or internal organs of aborted fetuses and causes fertility problems
with considerable economic losses. Bulls are important reservoirs and should therefore be targeted for diagnostic
testing and disease control. Campylobacter fetus subsp. fetus (Cff) can be recovered from the intestinal tract of
cattle and other animal species (Garcia et al., 1983); it can be isolated from aborted bovine fetuses indicating that it
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has clinical relevance in cattle. Cff is associated with sporadic cases of bovine abortion whereas Cfv is associated
with endemic abortion and fertility problems in certain areas.

Although C. fetus is primarily recognised as a pathogen in animals, Cff is occasionally diagnosed as an opportunistic
pathogen in humans. Infections usually occur in pregnant or immuno-compromised individuals and are often
systemic with a variety of complications depending on the site of infection (Wagenaar et al., 2014). Laboratory
manipulations should be performed with appropriate biosafety and containment procedures as determined by
biorisk analysis (see Chapter 1.1.4 Biosafety and biosecurity: Standard for managing biological risk in the veterinary
laboratory and animal facilities).

2. Taxonomy

Campylobacter fetus is one of the 33 currently recognised species within the genus Campylobacter
(http://www.bacterio.net/campylobacter.html). Three subspecies of C. fetus have been recognised: C. fetus
subspecies testudinum (Cft), C. fetus subsp. fetus and C. fetus subsp. venerealis, of which Cft is reptile-associated
and both Cff and Cfv are mammal-associated. Cfv includes a variant designated Cfv biovar intermedius (Florent et
al., 1959; Veron & Chatelain, 1973). Although the clinical signs related to infections by Cfv and Cff overlap, they were
originally defined by the differences in clinical presentation (Florent et al., 1959; Veron & Chatelain, 1973).

B. DIAGNOSTIC TECHNIQUES

Table 1. Test methods available for diagnosis of bovine genital campylobacteriosis and their purpose

Purpose
Population Individual animal Contribute ' . Immune status in
Method P Confirmation | Prevalenceof | . .. .
freedom freedom from to . . . individual animals or
. . . - of clinical infection - .
from infection prior to eradication . populations post-
. . .. cases surveillance .
infection movement policies vaccination

Detection of the agent®

Culture
(including 4 4 4+ 4 4 -
subspecies

identification)
IFAT ++ ++ ++ ++ ++ -

MAb-based
++ ++ ++ ++ ++ -

capture ELISA
Detection of immune response

Antibody ELISA - - - - - +

Key: +++ = recommended for this purpose; ++ recommended but has limitations;
+ = suitable in very limited circumstances; — = not appropriate for this purpose.
IFAT = immunofluorescent antibody test; MAb = monoclonal antibody; ELISA = enzyme-linked immunosorbent assay.
@A combination of agent identification methods applied on the same clinical sample is recommended.

Culturing and identification of the organism is a suitable test for certifying individual animal prior to movement. The
validated sensitive and specific monoclonal antibody (MAb)-based capture enzyme-linked immunosorbent assay
(ELISA) screening procedure (Brooks et al., 2004; Devenish et al., 2005) can accurately detect C. fetus subsp. from
incubated Clarke’s transport enrichment medium (TEM). Only positive ELISA results are cultured for confirmation
of the specific subspecies using standard isolation and identification methods. This procedure has the advantage
of more rapid turnaround times for reporting, and ease, compared with traditional cultural methods.

Cfv and Cff can be differentiated by the 1% glycine tolerance test and H2S production in cysteine-rich medium; Cfv
is not able to grow in the presence of 1% glycine and not able to produce H2S from cysteine-rich medium, whereas
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Cff is 1% glycine tolerant and H2S production positive (Florent et al., 1959; Veron & Chatelain, 1973). Neither DNA-
DNA hybridisation (Harvey & Greenwood, 1983) nor protein-banding patterns using polyacrylamide gel
electrophoresis (PAGE) of whole cell proteins (Vandamme et al., 1990) revealed any major difference between Cfv
and Cff. MALDI-TOF (matrix assisted laser desorption ionisation-time of flight) mass spectrometry can be used to
identify C. fetus at species level (Bessede et al., 2011), but this assay is not able to differentiate between Cff and Cfv.
Of all described molecular tests, only polymerase chain reaction (PCR) assays targeting the nahE gene, both
conventional and real-time (Abril et al., 2007; van der Graaf-van Bloois et al., 2013), multilocus sequence typing
(MLST) and amplified fragment length polymorphism (AFLP) (van Bergen et al., 2005a; Wagenaar et al., 2001) are
able to identify C. fetus reliably at the species level. Several molecular methods have been described claiming to
differentiate between Cff and Cfv, including PCR (Abril et al., 2007; Hum et al., 1997; Tu et al., 2005; van Bergen et al.,
2005c; Wang et al., 2002), pulsed-field gel electrophoresis (PFGE) (On & Harrington, 2001), MLST (van Bergen et al.,
2005a) and AFLP (Wagenaar et al., 2001) (see also Section B.1.9), but none of these molecular tests is able to identify
the C. fetus isolates reliably to subspecies level (Iraola et al., 2015; van der Graaf-van Bloois et al., 2013). Whole
genome sequencing can be used to differentiate the mammal-associated C. fetus strains based on their core
genomes (van der Graaf-van Bloois et al., 2014), but this method is not in full concordance with the phenotypic
subspecies identification of C. fetus strains.

1. Isolation and detection of the agent

11. Collection of specimens

111, Male: preputial smegma and semen

In bulls, smegma may be obtained by different methods (da Silva Silveira et al., 2018): scraping
(Tedesco et al., 1977), aspiration (Campero et al., 2003), and washing (Clarke & Dufty, 1978). Note
that the same sample, collected using the same sampling method, can be used for the detection
of Trichomonas foetus (Waldner et al., 2017) (see Chapter 3.4.16 Trichomonosis).

Smegma can be used for isolation of the organism or is rinsed into a tube with approximately 5 ml
phosphate buffered saline (PBS) with 1% formalin for diagnosis by immunofluorescence. Smegma
can also be collected from the artificial vagina after semen collection, by washing the artificial
vagina with 20-30 ml of PBS.

For preputial washing, 20-30 ml of PBS is introduced into the preputial sac. After vigorous
massage for 15-20 seconds, the infused liquid is collected.

Semen is collected under conditions that are as aseptic as possible. Semen samples must be
diluted with PBS and are inoculated directly on to culture medium or into transport and
enrichment medium.

11.2. Female: cervico vaginal mucus

Samples may be obtained by aspiration or washing the vaginal cavity. Hollow plastic scraping
tools can also be used. The samples can be used for Trichomonas foetus detection (see chapter
34.16)

For aspiration, the vulva region is cleaned, and an artificial insemination (Al) pipette or Cassou
pipette (blue sheath type) is inserted into the vaginal cavity so that the anterior reaches the cervix
(Campero et al., 2003). Gentle suction is applied while moving the pipette gently backwards and
forwards. The pipette is removed, and the collected mucus is inoculated directly on to culture
medium or into transport and enrichment medium.

Cervico-vaginal mucus (CVM) may also be collected by washing the vaginal cavity: 20-30 ml of
PBS is infused into the cavity through a syringe attached to an Al pipette. The fluid is sucked out
and re-infused four to five times before being collected and spread directly on to culture medium
or added to transport and enrichment medium. Washing fluid in the vaginal cavity may also be
collected by a tampon or gauze held inside the vagina for 5-10 minutes after PBS infusion.
Samples of CVM obtained by suction may be diluted with PBS, or sown directly on to culture
medium or transport and enrichment medium.
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1.2

1.3.

CVM is transferred into approximately 5 ml of PBS with 1% of formalin for immunofluorescence
testing.

11.3. Aborted fetuses, placentas

The placenta as well as the liver, lungs and stomach contents of the fetus provide the best samples
for isolation of the causative bacteria. Samples are collected aseptically and inoculated into
transport and enrichment medium, or into PBS with 1% formalin for IFA testing.

Transport of specimens

The use of a transport medium is essential if the specimens are not processed in the laboratory within
the same day after collection. For dispatch to the laboratory, specimens must be placed in an insulated
container (within the temperature range 4-8°C) protected from light and shipped to reach the laboratory
as soon as possible, preferably on the same day as sampling.

Various transport and enrichment media are available, such as Clark’s, Lander’s, SBL, Foley’s and Clark’s,
Weybridge’s, Cary-Blair’s (Garcia et al., 1984; Hum et al., 1994; Monke et al., 2002), Thomann’s transport
and enrichment (TTE) medium (Harwood et al., 2009).

Some of the transport and enrichment media mentioned above contain cycloheximide. Because of its
potential toxicity, amphotericin B can be used as an alternative.

Treatment of specimens

On arrival at the laboratory, specimens should be inoculated directly on to culture medium, or, if required
immediately, processed further.

1.31. Genital tract samples

The total volume of the preputia washings may be centrifuged (3500 g) to concentrate the
sample. The final sample (reduced to 500 ul) may be inoculated on to the culture medium (directly
on Skirrow agar plate, using the filter method, and to TTE medium (Harwood et al., 2009).

If the CVM is not very viscous it can be inoculated directly or diluted with an equal volume of PBS.
When the CVM is very viscous, it may be necessary to liquefy it by adding an equal volume of L-
cysteine solution (100 mM N-Acetyl-L-cysteine, CAS number 616-91-1', dissolved in PBS and
sterilised by membrane filtration). After 15-20 minutes, the diluted and liquefied mucus can then
be inoculated on to isolation medium.

For the filter method; sterile cellulose acetate membranes of 0.65 um pore size are placed on the
surface of non-selective agar supplemented with 5% blood. A suspension of the sample is made
in in PBS or saline, and 10-15 drops of this suspension are placed on top of the membrane and
allowed to filter passively at 37°C (microaerobic conditions are not required). After 30-
40 minutes, the filter membranes are removed and the culture plates incubated for 1-2 days at
37°C under microaerobic conditions (Steele & McDermott, 1984).

1.3.2. Aborted fetuses, placentas

Fetal stomach contents are inoculated directly on to culture medium. Internal organs or pieces of
organs are flamed to disinfect the surface, and are subsequently homogenised. The homogenate
is inoculated on to culture medium.

After washing placental membranes with PBS to eliminate the majority of the surface
contamination, the chorionic villi are scraped and the scrapings are transferred to culture
medium.

1

This is the unique number for this chemical assigned by Chemical Abstracts Service (CAS).
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1.4. lIsolation of Campylobacter fetus

141. Culture mediafor isolation

Many media are currently in use for the bacteriological diagnosis of BGC. It should be noted that
several media used for the isolation of Campylobacter spp. are not suitable for the isolation of
C. fetus because of antimicrobials (e.g. cephalosporins) that may inhibit C. fetus growth (van
Bergen et al., 2005b). Most culture media contain cycloheximide. Because of its potential toxicity,
this antifungal agent can be replaced by amphotericin B. The recommended selective medium
for isolation of C. fetus is TTE (Harwood et al., 2009). This is based on Skirrow’s medium, but with
the selective supplements reduced to 75% of the original recommendations, i.e.: polymyxin B
suphate (1.9 IU/ml), trimethoprim (3.8 ug/ml), vancomycin (7.5 ug/ml) and 5 mg/litre amphotericin
B. After 48 hours of enrichment, the enrichment broth can be plated on either Skirrow’s selective
plates or non-selective plates using the filtration method. Skirrow’s selective plates are a blood-
based agar containing 5-7% (lysed) defibrinated blood and Skirrow selective supplement.

Alternatively, a non-selective blood-based (5-7% blood) medium in combination with filtration
(0.65 um) can be used; however, it may be less sensitive when compared with a selective medium.

Quality control of each batch of media should be performed using control strains.

1.4.2. Incubation conditions

Plates or tubes with TTE medium are incubated at 37°C and under microaerobic atmosphere of
5-10% oxygen, 5-10% carbon dioxide and preferably 5-9% hydrogen for optimal growth
(Vandamme, 2000). Appropriate microaerobic conditions may be produced by a variety of
methods. In some laboratories the suitable atmosphere is created by a gas replacement in a jar.
Gas generator kits are also available from commercial sources. Variable atmosphere incubators
can also be used.

Conditions of culture and incubation are systematically verified by using control strains of C. fetus
subsp. fetus and C. fetus subsp. venerealis. Such controls should be set up for each isolation
attempt.

1.5. Identification of Campylobacterspecies

1.51. Colony morphology

Colonies of C. fetus usually appear on culture media after 2-5 days. To prevent overgrowth of
specific colonies by contaminants, it is recommended that the media be evaluated daily and
suspicious colonies be subcultured. After 3-5 days of incubation, colonies measure 1-3 mm in
diameter. They are slightly grey-pink, round, convex, smooth and shiny, with a regular edge.

1.5.2. Macroscopic morphology

Campylobacter is motile, a property that may disappear during sub-culturing. Campylobacter
often takes the form of a thin, curved bacillus, 0.3-0.4 um wide and 0.5-8.0 um long. Short forms
(comma-shaped), medium forms (S-shaped/flying seagull-shaped), and long forms (helical with
several spirals) may be observed simultaneously in the living state. Old cultures may contain
coccoid bacteria.

1.5.3. Biochemical tests

See Table 2.

1.5.4. Atmosphere

Campylobacter does not grow under aerobic conditions.
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1.6. Detection of Campylobacter fetusby the immunofluorescence method

The immunofluorescence antibody test (IFAT) can be applied to detect the organism directly from
samples or to confirm the identification of a strain after isolation. This test was able to detect C. fetus in
contaminated field samples. The detection limit of this test is 10* and 102 colony-forming units/mlin non-
centrifuged and centrifuged preputial washings, respectively (da Silva Silveira et al., 2018). IFAT cannot
differentiate between different subspecies.

16.1.

16.2.

16.3.

16.4.

Preparation of immune sera

Campylobacter strains, preferably standard strains from recognised culture collections (C. fetus
subsp. venerealis or C. fetus subsp. fetus), are grown on blood-based medium at 37°C under
microaerobic conditions for 3 days. The organisms are harvested into PBS, and washed twice by
centrifugation. Rabbits aged 3 months are inoculated intramuscularly with 2 ml of
10" organisms/ml of a C. fetus subspecies resuspended in PBS and Freund’s incomplete adjuvant.
Inocula are administered at four sites, 0.5 ml at each site. The animals are bled before inoculation
and at weekly intervals thereafter. When the serum titres reach high levels, as estimated by the
immunofluorescence test or agglutination test, 01-1.0 ml of 10% viable organisms/ml are injected
intravenously. The rabbits are bled for serum 7 days later. The rabbit sera are pooled. A conjugate
prepared from chicken IgY was described as an alternative to rabbit antibodies. MAbs that can be
used for immunodiagnostic detection of C. fetus have been described (Brooks et al., 2002).

Preparation of conjugates

Conjugates are prepared as described by Harlow & Lane (1988). The working dilution of the
conjugate is determined by checkerboard titration against smears of a C. fetus culture using
positive and negative control dilutions, and selecting twice the lowest concentration that
produces brilliant fluorescence with C. fetus bacteria.

Sample preparation

The genital fluid (fetal abomasal content, preputial smegma or CVM) samples are rinsed into
approximately 5 ml PBS + 1% formalin. Two centrifugation steps are carried out. First, samples are
centrifuged at 600 g for 10 minutes at 4°C to remove debris. Subsequently, the supernatant is
centrifuged at 8000 g for 30 minutes at 4°C. The pellet is dissolved in ~100 ul remaining
supernatant.

Immunofluorescence test (Mellick et al, 1965)

The sample (20 pl) is applied in duplicate to microscope slides. The material is air-dried and fixed
in acetone at -20°C for 30 minutes or ethanol at 18-25°C for 30 minutes. Glass slides will be air-
dried and the fluorescein isothiocyanate isomer (FITC)-conjugated antiserum is added at the
appropriate dilution. Staining is carried out in a humid chamber at 37°C for 30 minutes in dark
condition. The slides are then washed three times for 10 minutes in PBS. The slides are mounted
in buffered glycerol (90% glycerol: 10% PBS). The cover-slips are sealed to prevent drying, and the
slides are examined under ultraviolet light in a fluorescent microscope. Positive and negative
control slides will be used each time the test is done. Campylobacter fetus subsp. venerealis and
C. fetus subsp. fetus reference strains are used as positive controls, and another Campylobacter
species is used as negative control. Samples that show fluorescent bacteria presenting the typical
morphology of C. fetus are considered positive.

1.7. Biochemical identification of Campylobacter fetus subspecies

Tests described in Table 2 must be done on pure cultures.
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Table 2. Differential characteristics of Campylobacter species potentially isolated from the bovine genital tract
and aborted fetuses(according to Bergey’s Manual 2" edition, 2005)

25°C  42°C Oxidase Catalase NaCl3.5%  Glycine1% H2S
cysteine
C. fetus subsp. venerealis \Y v@ + \Yj - - -
C. fetus subsp. fetus \Y v@ + + - + +
C. jejuni - \A + Ve - \% +
C. hyointestinalis - + + + - \ n.d.
C. sputorum - + + \ + + n.d.

@Although C. fetus does not belong to the thermophilic Campylobacters,
a considerable number of strains of this species grows at 42°C;
®)C, jejuni subsp. jejuni is positive, C. jejuni subsp. doylei is negative;
©C. jejuni subsp. jejuni is positive, C. jejuni subsp. doylei is variable;
+ = positive reaction or growth and - = negative reaction or absence of growth of the strain on an appropriate medium under
specified conditions (see Section B.1.4); V = variable results; n.d. = not determined.

171. Growth at25°C and 42°C

A cell-suspension (~McFarland No. 1) is inoculated on to two blood-based medium-plates. Each
plate is incubated under the specified atmospheric conditions (see Section B1.4.2) at 25°C and
42°C. Control strains are tested in parallel.

1.7.2. Oxidase and catalase

Tests are performed according to a standard bacteriological protocol. Control strains are tested
in parallel.

1.7.3. Growth in the presence of sodium chloride

A cell-suspension is inoculated on to blood medium containing 3.5% NaCl (15 ml of blood medium
+2.04 ml of 5 M sodium chloride solution), and on to plain blood medium. Incubation is performed
under the specified atmospheric conditions (see Section B1.4.2). Control strains are tested in
parallel.

174. Growth inthe presence of 1% glycine

A cell-suspension (~McFarland No. 1) is inoculated on to a glycine medium (15 ml of blood-based
medium + 1.65 ml of 10% aqueous solution of filter sterilised glycine), and on to the same medium
without glycine. Incubation is performed under the specified atmospheric conditions (see Section
B1.4.2). Two control strains (Cff and Cfv) are tested in parallel. As all strains are fastidious, small
changes in media can be important, and lack of growth in the presence of glycine should be
considered to be a presumptive test for C. fetus subsp. venerealis. The reproducibility of the assay
is poor and intermediate strains have been described (Salama et al., 1992 and Van Bergen et al.,
2005a). Furthermore, the reliability of the 1% glycine tolerance test can be influenced by the fact
that glycine tolerance can be transduced by phages (Chang & Ogg, 1971).

1.75. Hydrogen sulphide production in cysteine medium

The HaS test is done in a Brucella broth medium containing 0.02% cysteine. A cell suspension
(~McFarland No. 1) is inoculated into the medium. H2S production is detected by a lead acetate
strip that is attached inside the top of the tube during 72 hours. Blackening of the lead acetate
strip is considered as a positive reaction. Control strains are tested in parallel.

1.8. Monoclonal antibody-based capture ELISA

The MAb-based capture ELISA procedure can be used to detect the presence of C. fetus species cultured
in Clarke’s TEM. The validated procedure and reagents are described by Brooks et al. (2004) and
Devenish et al. (2005). Briefly, the samples (preputial washes, vaginal mucus, fetal fluids, placental
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tissues, liver tissue) are placed in Clarke’s TEM and incubated for 4-5 days. Approximately 1.5 ml of the
TEM fluids is withdrawn, heated and tested by ELISA. A rabbit polyclonal antiserum (to six different
C. fetus subsp. fetus and C. fetus subsp. venerealis serotype A and B strains) is used to capture antigen
from the TEM fluid. The detection of any captured antigen is accomplished with further testing using four
mouse MAbs specific to lipopolysaccharide (LPS) epitopes; C. fetus subsp. core LPS (1 MAb: M1825),
serotype A-specific side chain LPS (2 MAbs: M1177 and M1194) and serotype B-specific side chain LPS
(1MAb: M1183). The test has been shown to be 100% sensitive and 99.5% specific for the detection of
C. fetus species from the TEM fluids, and large numbers of samples can be tested at the same time.

1.8.1. Test procedure

i)

ii)

iii)

iv)

V)

vi)

vii)

Solid phase: ELISA plate wells are coated with an optimal dilution of a rabbit polyclonal anti-
C. fetus subsp. serum (in 0.06 M carbonate buffer, pH 9.6) and incubated for 18 hours at room
temperature (RT). Coated ELISA plates can be sealed and stored at —-20°C for 1 month. Prior
to testing, ELISA plates, at RT, are washed four times using 0.01 M PBS containing 0.15 M
NaCl and 0.05% Tween 20 (PBST).

Controls: There are three control antigens: 1) C. fetus subsp. fetus (ATCC 27374), a serotype
B strong positive control that binds with the LPS core MAb (M1825) and the single serotype
B specific MAb (M1183); 2) C. fetus subsp. venerealis (ATCC 19438), a weak serotype A
positive control that binds to the LPS core MAb (M1825) and the two serotype A-specific
MAbs (M1177 and M1194); and 3) C. sputorum biovar sputorum, a negative control that does
not bind with any of the four MAbs. Lots of the three control antigens are grown, washed,
concentrated and stored at -20°C.

Testing samples: After 4-5 days’ incubation at 37°C of inoculated TEM samples,
approximately 1.5 ml of fluid is withdrawn from the TEM vials. Optimally diluted control
antigens and undiluted TEM fluid samples are heated at 100°C for 15 minutes and cooled to
RT. Each heated test fluid sample is added in duplicate and each heated control antigen is
inoculated in quadruple to appropriate wells in the solid-phase ELISA plate and incubated
for 1hour at RT.

Detector: To economise on reagents, screening of fluids is done initially with the core MAb
M1825. Diluted MAb M1825 (optimally in PBST) is added to each well of the ELISA plates and
the plates are incubated for 1hour at RT. Fluids that are positive using MAb M1825 are further
tested using all four MAbs.

Conjugate: Horseradish-peroxidase goat anti-mouse immunoglobulin G (heavy and light
chains) conjugate, optimally diluted in PBST, is added to all wells and plates are incubated
for 1hour at RT.

Substrate: 3,3',5,5-tetramethylbenzidine-hydrogen peroxide substrate is added to wells and
the plates are placed on an orbital shaker for 10 minutes at RT. Optical densities (OD) are
immediately measured at 620 nm (ODez20) using an ELISA reader.

All reagent lots, including capture antiserum, control antigens, mouse MAbs and conjugate
are tested beforehand by checkerboard titration to determine optimal dilutions used in
routine testing of sample fluids. Throughout the test procedure, 100 ul volumes are used and
plates are washed four times between stages using PBST.

Interpretation of the results: To be ELISA positive, the fluid must be positive against not only
the core MADb but also to at least one of the serotype-specific MAbs. In initial screening using
MAb M1825, the mean ODs2o of the each test sample is divided by the mean ODe2o obtained
from strong positive C. fetus subsp. fetus serotype B control antigen and multiplied by 100%
to obtain a per cent positivity (%P). Any test fluid with a %P greater than or equal to 14% is
considered positive and tested further with all four MAbs in the procedure. A repeat positive
with M1825 and an ODe2o value greater than or equal to 0.2 with at least one of the other three
serotype-specific MAb is a positive ELISA result for the detection of C. fetus ssp. in the
original test fluid sample. All TEM vials corresponding to ELISA positive fluid samples are
cultured as described in Section B1.4 Isolation of Campylobacter fetus for confirmation and
to determine the subspecies of the cultured isolate.

WOAMH Terrestrial Manual 2021



Chapter 3.4.4. - Bovine genital campylobacteriosis

1.9. Molecular identification of Campylobacter fetus subspecies

The use of clinical samples for direct PCR has not been successfully demonstrated and can result in
nonspecific amplification. The method is therefore not recommended for primary diagnosis. It is however
possible to perform PCR from TTE medium after enrichment.

Several molecular methods for the identification of C. fetus subspecies have been described, including
16S sequencing (Gorkiewicz et al., 2003; On & Harrington, 2001), PFGE (On & Harrington, 2001), AFLP
(Wagenaar et al., 2001), and MLST (van Bergen et al., 2005a). MLST was recommended for the
differentiation of Cff and Cfv strains; a recent study however described a Cff strain that was isolated with
the Cfv-associated MLST ST-4 genotype (Iraola et al., 2015), showing that MLST is also not fully reliable
for C. fetus subspecies differentiation. Whole genome sequencing can be used for a very reliable
characterisation of C. fetus strains (van der Graaf-van Bloois et al., 2014), but this method is expensive
and currently not widely used in diagnostic laboratories.

Routine diagnostic laboratories would be served best by a PCR assay. Several PCRs have been claimed
to be subspecies specific including those developed by Hum et al. (1997), Wang et al. (2002), Tu et al.
(2005), van Bergen et al. (2005c) and Abril et al. (2007). However, a PCR assay that identifies C. fetus
isolates reliably to subspecies level is not available (van der Graaf-van Bloois et al., 2013) (Table 3).

Table 3. Sensitivity and specificity of C. fetus (sub)species identification of PCR assays

PCR assay Identification Target Sensitivity? Specificity?
Abril et al., 2007 C. fetus nahE 100% (143/143) 100% (12/12)

Cfv ISCfet 97% (58/60) 100% (95/95)
Van Bergen et al., 2005¢ Cfv unknown 45% (27/60) 100% (95/95)
Hum et al., 1997 C. fetus cstA 100% (143/143) 100% (12/12)

Cfv parA 58% (46/70) 83% (79/95)
McMillen et al., 2006 Cfv parA 53% (32/60) 100% (95/95)
Wang et al., 2002 Cff sapB2 76% (63/83) 2% (52/72)
Van der Graaf-van Bloois C. fetus nahE 100% (143/143) 100% (12/12)
etal., 2013

2Represented as percentage (number of correct identified strains/total number of strains). Study included;
143 C. fetus strains, 60 Cfv strains, 83 Cff strains, 12 non-fetus Campylobacter strains, 95 non-Cfv strains
and 72 non-Cff strains (van der Graaf-van Bloois et al., 2013).

The multiplex PCR assay described by Abril et al. (2007) proved to be reliable for the correct identification
of C. fetus species, with 100% sensitivity and 100% specificity, though the Cfv-specific target (IS-element)
described for this PCR is 97% sensitive and cannot be used for a reliable differentiation of Cff and Cfv
isolates (van der Graaf-van Bloois et al., 2013). The C. fetus target of this PCR, gene nahE, can be used to
identify C. fetus species and has also been developed as a real-time assay (McGoldrick et al., 2013; van
der Graaf-van Bloois et al., 2013).

The PCR described by Van Bergen et al. (2005c) is able to detect Cfv strains as defined by AFLP, but the
assay does not identify the C. fetus subsp. venerealis biovar intermedius. Therefore, this PCR is not
suitable for diagnostic purposes (van der Graaf-van Bloois et al., 2013).

The multiplex PCR described by Hum et al. (1997) enables the ampilification of a C. fetus-specific DNA
fragment (approximately 200 bp smaller than the 960 bp described in the original publication), as well
as a C. fetus subsp. venerealis-specific fragment. Comparison of this PCR against AFLP and MLST (van
Bergen et al., 2005a) and against the glycine test (Willoughby et al., 2005) confirms that PCR can give
false positive and negative reactions (van der Graaf-van Bloois et al., 2013). In a recent study, this PCR
showed a positive result with a C. hyointestinalis strain isolated from a bull (Spence et al., 2011). This
observation renders the Cfv-specific target gene parA, and consequently all other PCR assays using this
target, unsuitable for diagnostic purposes.
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The PCR described by Wang et al. (2002) reveals only a C. fetus subsp. fetus-specific product. These
results were obtained only for a very limited number of strains. Evaluations of its value for subspecies
differentiation using larger sets of strains yielded both false positive and negative reactions (Van Bergen
et al., 2005c; Van der Graaf-van Bloois et al., 2013).

The random amplification of polymorphic DNA (RAPD)-PCRs were described by Tu et al. (2005) but
apparently have been evaluated with a very limited number of C. fetus subsp. venerealis strains. In a
recent study, the sensitivity of this assay was shown to be very low (Van der Graaf-van Bloois et al., 2013).

2. Serological tests - antibody detection

An ELISA is available for the detection of antigen-specific secretory IgA antibodies in the vaginal mucus following
abortion due to C. fetus subsp. venerealis. These antibodies are long lasting, and their concentration remains
constant in the vaginal mucus for several months (Hum et al., 1991). This assay has been used to screen for BGC in
cattle herds with infertility and abortions; the specificity was found to be 98.5%. The sensitivity could not be
estimated (da Silva Silveira et al., 2018) so it is not yet considered as validated. The ELISA does not differentiate an
antibody response to the different subspecies.

Initial sampling can be done after the early involution period (usually 1 week after abortion) when mucus becomes
clear.

2.1. Antigen preparation and coating

Cultures are transferred to PBS with 0.5% formalin for 1 hour, centrifuged at 17,000 g, washed twice with
PBS, and then resuspended in 0.05 M carbonate buffer, pH 9.6. The final absorbance is adjusted to
ODs10nm = 0.21. Flat-bottomed polystyrene microtitre plates coated with 10 ul of antigen are left overnight
at 4°C, and then stored at —-20°C. Before use, the plates are rinsed twice with distilled water and then
tapped gently to remove moisture.

211. Test procedure

)] Diluted vaginal mucus (100 pl) is added to each well, and the plate is incubated at 37°C for
2 hours. The plates are then washed as before, and 100 pl of rabbit anti-bovine IgA is added.
After 2 hours incubation at 37°C, the plates are washed and 100 ul of goat anti-rabbit IgG
conjugated to horseradish peroxidase is added to each well. After a further 2 hours
incubation at 37°C, the plates are washed, and 100 ul of substrate is added (0.8 mg/ul
5 amino-salicylic acid; pH 6.0), immediately activated by the addition of 2% 1M hydrogen
peroxide). The plates are left at room temperature for 30 minutes and the reaction is stopped
by the addition of 50 ul of 3 M sodium hydroxide. The absorbance is measured on an ELISA
reader at 450 nm. Each sample is tested in duplicate, and positive and negative controls are
included in each plate. The absorbance measurements yielded by the test sample are
corrected for the absorbance measurement of positive and negative controls according to
the formula:

Absorbancesample — Absorbancenegative control
Result = x 100

Absorbancepositive control — AbSOrbancenegative control

ii)  The test is considered to be positive if the result is above 40. Vaccinated animals will not
react to IgA ELISA as their vaginal mucus contains only IgG isotype antibodies.

An ELISA for the detection of the serum humoral IgG response after vaccination has also been described (Cobo et
al., 2004).

C. REQUIREMENTS FOR VACCINES

There are several commercial vaccines available around the world, however vaccine efficacies have either not been
reported for many decades or have not been reported favourably (Cobo et al., 2003). Certain jurisdictions advocate
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the use of these vaccines, however WOAH is not currently in a position to recommend an international standard for
such products.

REFERENCES

ABRIL C,, VILEI E.M., BRODARD ., BURNENS A., FREY J. & MISEREZ R. (2007). Discovery of Insertion Element ISCfel: A new
tool for Campylobacter fetus subspecies differentiation. Clin. Microbiol. Infect., 13, 993-1000.

BESSEDE E., SoLECKI O., SIFRE E., LABADI L. & MEGRAUD F. (2011). Identification of Campylobacter species and related
organisms by matrix assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry. Clin.
Microbio. Infect., 17, 1735-1739.

Brooks B.W., DEVENISH J., LuTzE-WALLACE C.L., MILNES D., ROBERTSON R.H. & BERLIE-SURUJBALLI G. (2004). Evaluation of a
monoclonal antibody-based enzyme-linked immunosorbent assay for detection of Campylobacter fetus in bovine
preputial washing and vaginal mucus samples. Vet. Microbiol., 103 (1-2), 77-84.

Brooks B.W., ROBERTSON R.H., LuTzE-WALLACE C.L. & PFaHLER W. (2002). Monoclonal antibodies specific for
Campylobacter fetus lipopolysaccharides. Vet. Microbiol., 87, 37-49.

CAMPERO C.M., MOORE D.P., ODEON A.C., CiPOLLA A.L. & ODRIOZOLA E. (2003). Aetiology of bovine abortion in Argentina.
Vet. Res. Commun., 27, 359-369.

CHANG W. & Oaa J.E. (1971). Transduction and mutation to glycine tolerance in Vibrio fetus. Am. J. Vet. Res., 32, 649-
653.

CLARKE B.L. & DUFTY J.H. (1978). Isolation of Campylobacter fetus from bulls. Aust. Vet. J., 54, 262-263.

CoBOE.R.,CiPOLLA A.,MORSELLA C.,CANO D. & CAMPERO C. (2003). Effect of two commercial vaccines to Campylobacter
fetus subspecies on heifers naturally challenged. J. Vet. Med. B Infect. Dis. Vet. Public Health, 50, 75-80.

CoBo E.R., MoRsELLA C., CaNO D., CipoLLA A. & CaMPERO C.M. (2004). Immunization in heifers with dual vaccines
containing Tritrichomonas foetus and Campylobacter fetus antigens using systemic and mucosal routes.
Theriogenology, 62, 1367-1382.

DA SiLvA SILVEIRA C., FRAGA M., GIANNITTI F., MACIAS-RIOSECO M. & RIET-CORREA F. (2018). Diagnosis of Bovine Genital
Campylobacteriosis in South America. Front. Vet. Sci., 5, 321. doi:10.3389/fvets.2018.00321

DEVENISH J., BROOKS B., PERRY K., MILNES D., BURKE T., McCABE D., DUFF S. & LuTze-WALLACE C.L. (2005). Validation of a
monoclonal antibody-based capture enzyme-linked immunosorbent assay for detection of Campylobacter fetus.
Clin. Diagn. Lab. Immunol., 12, 1261-1268.

FLORENT A. (1959). Les deux vibrioses génitales de la béte bovine : La vibriose vénérienne, due a Vibrio foetus
venerialis, et la vibriose d'origine intestinale due a V. feetus intestinalis. Proceedings 10th International Veterinary
Congress Madrid, 2, 953-95T.

GARCIAM.M., EAGLESOME M.D. &RiGBY C. (1983). Campylobacters important to veterinary medicine. Vet. Bull., 53, 793~
818.

GARCIAM.M., STEWART R.B. & RUCKERBAUER G.M. (1984). Quantitative evaluation of a transport-enrichment medium for
Campylobacter fetus. Vet. Rec., 115, 434-436.

GORKIEWICZ G., FEIERL G., SCHOBER C., DIEBER F., KOFER J., ZECHNER R. & ZECHNER E.L. (2003). Species-specific
identification of Campylobacters by partial 16S rRNA gene sequencing. J. Clin. Microbiol., 41, 2537-2546.

HARLOW E. & LANE D. (1988). Antibodies: A Laboratory Manual. Cold Spring Harbor, New York, USA.

HARVEY S.M. & GREENwWOOD J.R. (1983). Relationship among catalase-positive Campylobacters determined by
deoxyribonucleic acid-deoxyribonucleic acid hybridisation. Int. J. Syst. Bacteriol., 33, 275-284.

HARWOOD L.J., THOMANN A., BRODARD I., MAKAYA PV. & PERRETEN V. (2009). Campylobacter fetus subspecies venerealis
transport medium for enrichment and PCR. Vet. Rec., 165, 507-508.

WOAMH Terrestrial Manual 2021 11


http://www.ncbi.nlm.nih.gov/pubmed?term=Brooks%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=15381269
http://www.ncbi.nlm.nih.gov/pubmed?term=Devenish%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15381269
http://www.ncbi.nlm.nih.gov/pubmed?term=Lutze-Wallace%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=15381269
http://www.ncbi.nlm.nih.gov/pubmed?term=Milnes%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15381269
http://www.ncbi.nlm.nih.gov/pubmed?term=Robertson%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=15381269
http://www.ncbi.nlm.nih.gov/pubmed?term=Berlie-Surujballi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15381269
http://www.ncbi.nlm.nih.gov/pubmed/15381269
http://www.ncbi.nlm.nih.gov/pubmed?term=Devenish%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15381269
http://www.ncbi.nlm.nih.gov/pubmed?term=Brooks%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16275938
http://www.ncbi.nlm.nih.gov/pubmed?term=Perry%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16275938
http://www.ncbi.nlm.nih.gov/pubmed?term=Milnes%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16275938
http://www.ncbi.nlm.nih.gov/pubmed?term=Burke%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16275938
http://www.ncbi.nlm.nih.gov/pubmed?term=McCabe%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16275938
http://www.ncbi.nlm.nih.gov/pubmed?term=Duff%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16275938
http://www.ncbi.nlm.nih.gov/pubmed?term=Lutze-Wallace%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=16275938
http://www.ncbi.nlm.nih.gov/pubmed?term=%28Devenish%5BAuthor%20-%20First%5D%29%20AND%20Campylobacter%5BText%20Word%5D

Chapter 3.4.4. - Bovine genital campylobacteriosis

Hum S., BRUNNER J., MCINNES A., MENDOZA G. & STEPHENS J. (1994). Evaluation of cultural methods and selective media
for the isolation of Campylobacter fetus subsp. venerealis from cattle. Aust. Vet. J,, 71, 184-186.

Hum S., QUINN K., BRUNNER J. & ON S.L.W. (1997). Evaluation of a PCR assay for identification and differentiation of
Campylobacter fetus subspecies. Aust. Vet. J., 75, 827-831.

HumS., STEPHENS L.R. & QUINN C. (1991). Diagnosis by ELISA of bovine abortion due to Campylobacter fetus. Aust. Vet.
J., 68, 272-275.

IRAOLA G., BETANCOR L., CALLEROS L., GADEA P., ALGORTA G., GALEANO S., MuxI P., GREIF G. & PEREZ R. (2015). A rural worker
infected with a bovine-prevalent genotype of Campylobacter fetus subsp. fetus supports zoonotic transmission and
inconsistency of MLST and whole-genome typing. Eur. J. Clin. Microbiol. Infect. Dis., 34, 1593-1596.

McGoLDRICK A., CHANTER J., GALE S., PARR J., ToszEGHY M. & LINE K. (2013). Real Time PCR to detect and differentiate
Campylobacter fetus subspecies fetus and Campylobacter fetus subspecies venerealis. J. Microbiol. Methods, 94,
199-204.

MCMILLEN L., FORDYCE G., DOOGAN V.J. & LEW A.E. (2006). Comparison of culture and a novel 5’ Taq nuclease assay for
direct detection of Campylobacter fetus subsp. venerealis in clinical specimens from cattle. J. Clin. Microbiol., 44,
938-945.

MELLICK P. W., WINTER A.J. & McENTEE K. (1965). Diagnosis of vibriosis in the bull by use of the fluorescent antibody
technic. Cornell Vet., 55, 280-294.

MoNke H.J., Love B.C., WITTUM T.E., MONKE D.R. & BYRUM B.A. (2002). Effect of transport enrichment medium, transport
time, and growth medium on the detection of Campylobacter fetus subsp. venerealis. J. Vet. Invest., 14, 35-39

ON S.LW. & HARRINGTON C.S. (2001). Evaluation of numerical analysis of PFGE-DNA profiles for differentiating
Campylobacter fetus subspecies by comparison with phenotypic, PCR and 16s rDNA sequencing methods. J. Appl.
Microbiol., 90, 285-293.

SALAMA S.M., GARCIA M.M. & TAYLOR D.E. (1992). Differentiation of the subspecies of Campylobacter fetus by genomic
sizing. Int. J. Syst. Bact., 42, 446-450.

SPENCE R.P,, BRUCE |.R., MCFADDEN A.M., HILL F.I., TISDALL D., HUMPHREY S., VAN DER GRAAF L., VAN BERGEN M. A. & WAGENAAR
J.A. (2011). Cross-reaction of a Campylobacter fetus subspecies venerealis real-time PCR. Vet. Rec., 168, 131.

STEELE T.W. & McDERMOTT S.N. (1984). The use of membrane filters applied directly to the surface of agar plates for
the isolation of Campylobacter jejuni from feces. Pathology, 16, 263-265.

Tebesco L.F., ERRICO F. & DEL BAGLIVI P.L. (1977). Comparison of three sampling methods for the diagnosis of genital
vibriosis in the bull. Aust. Vet. J., 53, 470-472.

Tu Z.C., EISNER W., KREISWIRTH B.N. & BLASER M.J. (2005). Genetic divergence of Campylobacter fetus strains of
mammal and reptile origins. J. Clin. Microbiol., 43, 3334-3340.

VAN BERGEN M.A.P., DINGLE K.E., MAIDEN M.C., NEWELL D.G., VAN DER GRAAF-VAN BL0OOIS L., VAN PUTTEN J.P. & WAGENAAR
J.A. (2005a). Clonal nature of Campylobacter fetus as defined by multilocus sequence typing. J. Clin. Microbiol., 43,
5888-5898.

VAN BERGEN, M.A.P., LINNANE S., VAN PUTTEN J.P. & WAGENAAR J.A. (2005b). Global detection and identification of
Campylobacter fetus subsp. venerealis. Rev. sci. tech. Off. int. Epiz., 24, 1017-1026.

VAN BERGEN M. A. P., SIMONS G., VAN DER GRAAF-VAN BLOOIS L., VAN PUTTEN J.P., RoMBouUT J., WESLEY |. & J. WAGENAAR J.A.
(2005c). Amplified fragment length polymorphism based identification of genetic markers and novel PCR assay for
differentiation of Campylobacter fetus subspecies. J. Med. Microbiol., 54, 1217-1224.

VANDAMME P. (2000). Taxonomy of the family Campylobacteraceae. In: Campylobacter, Second Edition Nachamkin
|. & Blaser M.J., eds. ASM Press, Washington DC, USA, 3-26.

12 WOAMH Terrestrial Manual 2021



Chapter 3.4.4. - Bovine genital campylobacteriosis

VANDAMME P., POT B., FALSEN E., KERSTERS K. & DE LEY J. (1990). Intra- and interspecific relationships of veterinary
Campylobacters revealed by numerical analysis of electrophoretic protein profiles and DNA:DNA hybridizations.
System. Appl. Microbiol., 13, 295-303.

VAN DER GRAAF-VAN BLooIS L., VAN BERGEN M.A.P,, VAN DER WAL F.J.,, DE BOER A.G., DuiM B., SCHMIDT T & WAGENAAR J.A.
(2013). Evaluation of molecular assays for identification Campylobacter fetus species and subspecies and
development of a C. fetus specific real-time PCR assay. J. Microbiol. Methods, 95, 93-97.

VAN DER GRAAF-VAN BLOOIS L., MILLER W.G., YEE E., RIINSBURGER M., WAGENAAR J.A. & Duim B. (2014). Inconsistency of
phenotypic and genomic characteristics of Campylobacter fetus subspecies requires re-evaluation of current
diagnostics. J. Clin. Microbiol., 52, 4183-4188.

VERON M. & CHATELAIN R. (1973). Taxonomic study of the genus Campylobacter Sebald and Véron and designation of
the neotype strain for the type species Campylobacter fetus (Smith and Taylor) Sebald and Véron. Int. J. Syst.
Bacteriol., 23, 122-134.

WAGENAAR J.A., VAN BERGEN M.A.P,, BLASER M.J., TAUXE RV., NEWELL D.G. & VAN PUTTEN J.P.M. (2014). Campylobacter
fetus infections in humans: exposure and disease. Clin. Infect. Dis., 58, 1579-1586.

WAGENAAR J.A., VAN BERGEN M.A.P.,, NEWELL D.G., GROGONO-THOMAS R. & Duim B. (2001). Comparative study using
amplified fragment length polymorphism fingerprinting and phenotyping to differentiate Campylobacter fetus
strains isolated from animals. J. Clin. Microbiol., 39, 2283-2286.

WALDNER C.L., PARKER S., GESY K.M., WAUGH T., LANIGAN E. & CAMPBELL J.R. (2017). Application of direct polymerase
chain reaction assays for Campylobacter fetus subsp. venerealis and Tritrichomonas foetus to screen preputial
samples from breeding bulls in cow-calf herds in western Canada. Can. J. Vet. Res., 81, 91-99.

WANG G., CLARK C.G., TAYLOR T.M., PUCKNELL C., BARTON C., PRICE L., WOODWARD D.L. & RODGERS F.G. (2002). Colony
multiplex PCR assay for the identification and differentiation of Campylobacter jejuni, C. coli, C. lari, C. upsaliensis,
and C. fetus subsp. fetus. J. Clin. Microbiol., 40, 4744-4747.

WILLOUGHBY K., NETTLETON P.F., QUIRIE M., MALEY M.A., FOSTER G., TOSZEGHY M. & NEWELL D.G. (2005). A multiplex
polymerase chain reaction to detect and differentiate Campylobacter fetus subspecies fetus and Campylobacter
fetus species venerealis: use on UK isolates of C. fetus and other Campylobacter spp. J. Appl. Microbiol., 99, 758~
T66.

NB: There is a WOAH Reference Laboratory for campylobacteriosis (please consult the WOAH Web site:
https://www.woah.org/en/what-we-offer/expertise-network/reference-laboratories/#ui-id-3).
Please contact the WOAH Reference Laboratories for any further information on
diagnostic tests, reagents and vaccines for bovine genital campylobacteriosis
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