






















































Campylobacter Agar (CAT) 

24 

Basal medium 

Blood-free Campylobacter Agar Base 
Code: CM739 

Nutrient Broth No. 2 
Bacteriological charcoal 
Casein hydrolysate 
Sodium deoxycholate 
Ferrous sulphate 
Sodium pyruvate 
Agar 

pH 7.4 ± 0 .2 

mg!litre 

25.0 
4.0 
3.0 
1.0 
0.25 
0.25 
12.0 

Campylobacter Selective Supplement (CAT) 
Code: SR174 

Cefoperazone 
Teicoplanin 
Amphotericin B 

Directions 

mg!litre 

8 
4 
10 

Prepare Campylobacter Blood-Free Agar Base (CM739) 
according to instructions. Sterilise by autoclaving at 121·c for 15 
minutes. Cool to 5o·c. Aseptically add 1 vial of CAT Supplement 
SR17 4E reconstituted with 4 ml of sterile distilled water. Mix well 
and pour into petri dishes. 

Store plates in the dark and preferably wrapped or in sealed 
containers. 

Description 
CAT Medium was devised for the isolation of Campy/obacter 
upsaliensis and may be used for the isolation of other 
thermophilic Campylobacter spp. including C. jejuni. ' Prior to the 
formulation of CAT medium, filtration culture was necessary 
because of the wide range of antibiotic susceptibilities displayed 
between strains of C. upsaliensis and the consequent 
unreliability of the existing Campylobacter media formulae. The 
technical demands and the insensitivity of the filtration method 
have hitherto made study of C. upsa/iensis unattractive for many 
microbiologists. 

C. upsaliensis2 is the species name given to a group of 
thermophilic catalase-negative or weakly-positive (CNW) 
campylobacters first isolated from dogs in 1981 .3 Reports have 
indicated that C. upsaliensis is a potential human pathogen 
associated with enteritis•-6 and studies have suggested that 3 to 
13% of all Campylobacter diarrhoea! disease is associated with 
this species.7-a Routes of transmission are still largely unknown. 

CAT Medium contains only 25% of the concentration of 
cefoperazone present in CCDA Blood-Free Selective Agar. This 
concentration, based on MIC studies of C. upsaliensis, inhibits 
most Enterobacteriaceae but not enterococci. Inhibition of 
enterococci is accomplished using teicoplanin. The medium also 
contains amphotericin B to inhibit yeasts which grow at the 
recommended incubation temperature of 31'C. 

Storage conditions 
Store the basal dehydrated medium in a cool dry place away 
from bright light. 

Store the selective supplement at 2-8·c. 

Prepared plates should be stored at 2-a·c. wrapped or in 
sealed containers, to minimise exposure to air. 

Quality control 
Incubate at 37C. 

Positive control 
Campylobacter jejuni ATCC 29428 

Negative control 
Escherichia coli ATCC 25922 

Precautions 
If plates are first examined after 24 hours incubation read them 
immediately and quickly return them to a microaerobic 
atmosphere to ensure continued viability. 
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Campy-Cefex Agar 

Campy-Cefex Agar 

Brucella agar 
Ferrous sulphate 
Sodium bisulphite 
Sodium pyruvate 
Water 
Lysed horse blood 

Antibiotic Supplement 

Sodium cefoperazone 
Cycloheximide 

Description 

grams/litre 

44 
0.5 
0.2 
0.5 
950ml 
50ml 

mgllitre 

33 
200 

Campy-Cefex agar is isolation agar B specified in the FDA BAM 
method (see Table 1 ). 

Campy-Cefex agar was formulated by Stern, Wojton and 
Kwiatek' as a selective-differential medium for the isolation of 
C. jejuni from chicken carcasses. 

In a comparison against Campylobacter-cefoperazone­
deoxycholate agar (CCDA) and Campylobacter brucella agar 
(Campy-BAP) Campy-Cefex was found to be as productive and 
selective as the other media. 

However, it was easier to differentiate C. jejuni from other flora 
on Campy-Cefex agar than it was on CCDA agar. Selectivity 
was superior to Campy-BAP. The easier differentiation of 
C. jejuni is attributed to the transparent nature of Campy-Cefex. 

The high concentration of cycloheximide in Campy-Cefex 
medium enables it to more effectively inhibit the growth of 
moulds and yeasts which is frequently associated with poultry 
samples than either CCDA or Campy-BAP media. 

Since the addition of amphotericin B to CCDA medium it can 
be expected that the performance of CCDA has improved in 
this respect. 

Reference 
Stem, N.J. and Line, J.E. (1992). J. Food Prot. 55, 514-517. 

25 



Medium 

Blaser-Wang 

Blood-free CCOA 

Blood-free CAT 

Blood-free Karmali 

Butzler 

Butzler Virion 

Campy-Cefex 

Exeter 

Preston 

Skirrow 

26 

TABLE 9 - The selective agents incorporated in some Campylobacter plating media 
Concentrations in mg/litre unless otherwise stated 

Ampho- Baci· Cefoper· Cephalo· Cepha· Colistin Cyclo· Novo· Poly· Rifam· Teieo- Trirne· 
tericin B tracin azone thin zolin heximide biocin myxin B pie in plan in thoprim 

15 5 2,500 i.u. 

10 32 

8 4 

32 100 

2,500 i.u. 15 0,000 i.u 50 5 

15 1,000i.u. 10 

33 200 

2 15 4 10 

100 5,000 i.u. 10 

2,500 i.u. 

Gram-stain of a Campylobacter culture. Note the 
curved shape (arrowed). The degenerate appearance 
shown by many of the cells is typical of ageing cultures. 

The Oxidase test. Colour reaction of oxidase-posnive 
colonies following application of Kovac's reagent directly 
to Campylobacter jejuni growth on nutrient agar. 

10 

10 

5 

Vanco· Sodium 
mycin Deoxy· 

cholate 

10 

1 gram 

1 gram 

20 

10 



Identification of Campylobacter Species 

Detailed procedures for identification of campylobacters lie 
outside the scope of this publication. However, the following 
brief summary of tests may be helpful. Microbiologists are 
advised to consult specialised texts for full methodology. 

Simple tests to Identify Campylobacter 
Colonies that appear to be Campylobacter can be differentiated 
from other species that are capable of growth on selective 
media as follows: 

1 Gram stain 
Use carbo! fuchsin for counter-staining as it stains 
campylobacters more intensely than safranin. Campylobacter 
cells are Gram-negative and have a spiral or S-shaped 
appearance. Cells in older cultures change to a coccal 
appearance. 

2 Motility test 
Examine a wet film from a broth culture for the characteristic 
darting, corkscrew-like movement. 

3 Catalase test 
Add several drops of 3% hydrogen peroxide to 24-48 hours 
growth on Blood Agar Base 

CM55. Production of bubbles indicates a positive result. 

Media containing blood may give false-positive reactions. 

4 Oxidase test 

(a) Direct plate technique 

Touch a colony with the moistened reagent-impregnated tip of 
an Oxoid Oxidase Touch Stick code BR64. Observe the tip for a 
colour change to blue-purple. 

Alternatively add 1 drop of freshly-prepared Kovac's reagent 
directly to the colony to be tested. Development of a dark 
purple colour indicates a positive oxidase test. 

Liquid oxidase reagent is unstable and must be replaced daily 
or when it develops a pronounced purple colour. 

Oxidase test using Oxoid Touchsticks code BR64. 
Left: Negative test. Centre and right: Positive test. 

(b) Indirect technique 

Smear a colony onto a paper strip moistened with Kovac's 
reagent. 

Observe for a colour change to blue-purple. 

Note - Colonies tested from selective media may show weak 
or negative reactions. If in doubt, subculture to non-selective 
medium and re-test. 

Growth temperature 

The thermophilic campylobacters (C. jejuni, C. coli and C. /an) 
grow well at 43·c but not at 25·c . 

Differentiation between Campylobacter spp. 

C. jejuni, C. coli and C. lari may be differentiated by hydrolysis 
of hippurate, hydrolysis of indoxyl acetate, production of 
hydrogen sulphide and susceptibility to nalidixic acid and 
cephalothin (30 1-1g discs). (See Table 10.) 

Hippurate hydrolysis 

Grow the strains to be tested for 18 hours on blood agar at 
3rc in a microaerobic atmosphere. 

Suspend a 2 mm loopful of growth in 2 ml of sterile distilled 
water. Add 0.5 ml of aqueous solution of sodium hippurate and 
incubate for 2 hours in a water bath set at 3rC. 
Add 1 ml of ninhydrin solution (3.5 gram ninhydrin in 100 ml of 
a 1 : 1 mixture of acetone and butanol) and leave for a further 2 
hours at room temperature. 

The development of a purple colour indicates a positive test. 
No colour or a pale mauve tint indicates a negative test. 

Include negative and weakly-positive control strains in every 
test. 

lndoxyl acetate hydrolysis 

Hydrogen sulphide production. Left: Negative test. Right: Positive test showing 
blackening of FBP medium caused by production of hydrogen sulphide, 
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Apply growth from a 24 hour culture on CCDA agar base to a 
moistened paper strip or disc previously impregnated with 1 0% 
indoxyl acetate in acetone and air-dried. 

The development of a blue/grey colour within 10 minutes at 
ambient temperature indicates a positive result. Lack of colour 
development indicates a negative result. 

Hydrogen sulphide production 

Inoculate a large loopful of overnight growth into a tube of 
Nutrient broth No. 2 code CM67 containing 1.2 gram/litre 
Oxoid Agar No. 3 code L 13 and FBP. (Oxoid Campylobacter 
Growth Supplement code SR84, 1 vial in 500 ml of medium.) 

Leave at room temperature for 4 hours and examine for 
blackening around the inoculum. Cultures showing negative 
results (no blackening) should be re-incubated overnight before 
discarding as negative. 

Include negative and weakly-positive control strains in every test 
run. H2S tests may also be conducted in triple-sugar iron agar 
(TSI) or by using lead acetate test strips. Results may vary 
according to method. 

Susceptibility to nalidixic acid and cephalothin 

Susceptibility to nalidixic acid and cephalothin is determined 
using the disc diffusion technique. 

Prepare a light suspension of 24 hour growth in 0.1% peptone 
water. Inoculate a plate of Diagnostic Sensitivity Test Agar code 
CM261 containing 5% v/v Laked Horse Blood code SR48 over 
the entire surface using a sterile swab soaked in the culture 
suspension. Apply 30 iJg susceptibility discs of nalidixic acid and 
cephalothin. 

Incubate at 37C in a microaerobic atmosphere for 48 hours or 
72 hours for slowly-growing cultures. Any size zone of inhibition 
around the discs indicates susceptibility to the antibiotic. 

The test should be controlled with known strains of C. jejuni, C. 
coli and C. lari. 

Note - Nalidixic acid resistance has emerged amongst strains of 
C. jejuni, consequently susceptibility to nalidixic acid is now a 
less reliable characteristic of this species. 

Hippurate hydrolysis. Left: Negative test. Right: Positive test. 
Reproduced with permission from Foodborne Pathogens: An illustrated Text, 
Wolfe Publishing Ltd, London" A. H. Vamam, M. G. Evans 1991. 

lndoxyl acetate hydrolysis. Left: Negative test. Right: Positive test. 

TABLE 10- Differentiation of thermophilic Campylobacter 
species 

C.jejuni C. coli C. lari 

Growth at 2oC - - -

Growth at 37C + + + 

Growth at 42'C + + + 

Catalase + + + 

Hippurate hydrolysis + - -

lndoxyl acetate 
hydrolysis + + -

H2S production +* - + 

Antibiotic 
susceptibility:** 
Nalidixic acid 30 iJg s s R 
Cephalothin 30 iJg R R R 

Key 

• Negative if tested on TSI Agar. 
** S = Sensitive and R = Resistant. 

Control strains of Campylobacter spp. 

Known positive and negative control strains should be included 
in all tests. Suitable strains are: 

C. jejuni Biotype 1 NCTC 11168 
Biotype 2 NCTC 11392 

C. coli NCTC 11366 

C. lari NCTC 11352: 
ATCC 35221 

Nalidixic acid and cephalothin susceptibility. Right-hand side: Zone of growth 
inhibition around a 30Jlg nalidixic acid disc. Left-hand side: Growth up to the 
edge of a 30f.l9 cephalothin disc indicates resistance to the antibiotic. 



Microaerobic Incubation 

Campylobacters are microaerophilic, requiring approximately 6% 
of oxygen. 

In addition to their need for a reduced concentration of oxygen, 
Campylobacter spp. require a greater concentration of carbon 
dioxide than is present in air. Additionally some species may 
benefit from the presence of hydrogen but the thermophilic 
campylobacters will grow satisfactorily without it. 

Kiggins and Plastridge' in an investigation into gaseous 
requirements of Vibrio fetus (now Campylobacter fetus) found 
that a concentration of 10% carbon dioxide and 5% oxygen was 
optimal for growth. 

Experience with other species has shown that 5-1 0% carbon 
dioxide appears to be a general requirement of the genus 
Campylobacter. The correct proportions of gases in the 
microaerobic atmosphere can be achieved most consistently by 
drawing a vacuum in the gas jar and replacing the air with a 
special gas mixture of 5% oxygen, 10% carbon dioxide and 
85% nitrogen from a cylinder. However, special gas mixtures are 
expensive and may not be readily available, cylinders are heavy 
and not easily manoeuvrable and there is a potential safety 
hazard from the presence in the laboratory of a highly 
pressurised vessel containing hydrogen. 

A considerable amount of ingenuity has gone into finding 
economical and effective ways of creating microaerobic 
conditions. In many cases, methods already known to be 
successful for other oxygen-sensitive organisms have been 
used, but less obvious methods have also been tried. 

Burning a candle in a closed incubation vessel to reduce the 
oxygen content of the air has been reported to be successful 
and particularly appropriate where expense is a major concern.> 
The amount of oxygen consumed in the "candle jar" can be 
increased by burning methylated spirit instead of candle wax.3 

Further improvements were reported when it was found that 
increasing the speed and intensity of burning reduces the 
oxygen level even further.' 

The Fortner Principle has been applied to isolation of 
Campylobacter spp. from faeces." This is a simple biological 
technique for reducing oxygen tension which does not need 
conventional anaerobic isolation equipment. The principle utilises 
the ability of a rapidly growing facultatively-anaerobic organism 
to deplete the oxygen contained in a closed system thus making 
it possible for oxygen-sensitive organisms to grow. 

Production of appropriate concentrations of oxygen and carbon 
dioxide by a method which involves oxidation of steel wool 
soaked in copper sulphate to reduce the oxygen content of air, 
with simultaneous production of carbon dioxide from Alka­
Seltzer effervescent antacid tablets has been described.6 The 
reagents are contained within two cups and sealed with the 
culture plates in a plastic bag. 

Growth of C. jejuni and C. coli has been reported in an 
atmosphere of 1 0% carbon dioxide in moist air in gas jars and 
C02 incubators.7 Isolation has also been reported in an enriched 
atmosphere of carbon dioxide produced from dry ice." 

Increasing the carbon dioxide concentration without decreasing 
the oxygen content constitutes a compromise that may prevent 
the detection of some strains. Improved isolation rates in such 
sub-optimal conditions may be obtained by incorporating ferrous 
sulphate, sodium metabisulphite and sodium pyruvate (FBP) in 
the culture medium. Oxoid FBP Supplement is described on 
page 30. 

Commercial gas generating devices provide a simple and 
convenient means of producing a reliable microaerobic 
atmosphere. Water is added to sachets to activate reagents 
which generate hydrogen and carbon dioxide. Catalysis of the 
hydrogen and oxygen present in the air sealed into the gas jar 
produces water, leaving an oxygen-depleted atmosphere and 
additional carbon dioxide. 

A further development is the introduction of an alternative 
device, CampyGen, which does not produce hydrogen, does 
not require the addition of water and does not need a catalyst. 
Exposure of the sachet to air initiates a chemical reaction which 
simultaneously absorbs oxygen and produces carbon dioxide. 
This product and Oxoid Gas Generating Kits are described on 
pages 31 and 32. 
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Campylobacter Growth Supplement (FBP) code: sRs4 

30 

Vial contents 
(each vial is sufficient for 500 ml of medium) 

Sodium pyruvate 
Sodium metabisulphite 
Ferrous sulphate (hydrated salt) 

Directions 

0.125 g 
0.125 g 
0.125 g 

To rehydrate the contents of the vial, aseptically add 2 ml of 
sterile distilled water and invert to dissolve. Avoid frothing of the 
solution. Add to 500 ml of culture medium. 

Description 
Campylobacter species, which require less oxygen (i.e. 
microaerophilic) are inhibited at the nominal atmospheric oxygen 
level. The optimum level of oxygen required for growth has been 
reported to be 6%.' The exacting level, together with a carbon 
dioxide requirement, has made isolation of these organisms from 
human and animal sources a demanding procedure. 

lt is postulated that microaerophilic bacteria are more sensitive 
than other oxygen dependent bacteria to toxic forms of oxygen 
(superoxide anions, peroxide, etc.) that occur in aerobic culture 
media. Compounds which enhance the aerotolerance of 
microaerophilic bacteria do so by quenching these toxic forms 
of oxygen.2 

Ferrous sulphate, sodium metabisulphite and sodium pyruvate 
(FBP)3 has been found to increase the aerotolerance of 
Campylobacter spp. 

Addition of these compounds, presented together as Oxoid 
Campylobacter Growth Supplement SR84 to the culture 
medium, will enable Campylobacter spp. to be more easily and 
rapidly isolated on a routine basis. 

This means that the probability of isolating strains of 
Campylobacter spp. increases considerably. Those laboratories 
that can use candle jars only, or use very approximate gas 
mixtures, will particularly benefit from the use of the growth 
supplement. 

FBP protects medium from toxic compounds that may be 
formed because of exposure to light and air. Studies have 
demonstrated the efficacy of FBP in the repair of damaged 
Campylobacter cells in foods.•.s.s 

FBP is included in Preston enrichment broth7.a and selective 
enrichment broths based on Nutrient Broth No. 2 specified by 
the Food and Drug Administration (FDA) for the detection of 
Campylobacter in foods, milk and water" and in Exeter medium 
specified by the Steering Group on the Microbiological Safety of 
Foods.'0 

In a modification of the FDA Bacteriological Manual enrichment 
protocol, FBP as a single supplement was shown to provide 
better growth compared to the standard enrichment method 
which utilises blood in addition to FBP. FBP was found to be 
superior for producing growth in enrichments of both coccal and 
vibroid forms. 

FBP supplement may also be used for detection of hydrogen 
sulphide production by Campylobacter spp. FBP test medium is 
made by adding FBP and phosphate buffer to Nutrient Broth 
No. 2 code CM67. Agar is also added to make the medium 
semi-solid.'2 

A variant of FBP test medium suitable for multipoint inoculation 
has been described.13 

FBP supplement is incorporated in an improved medium for 
storage and transportation of thermophilic campylobacters.14 
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Campy/obacter jejuni showing characteristic micraerophilic growth in deep 
culture. Note the area of maximum growth below the surface and diminishing 

towards the base of the bottle. 



Campylobacter Gas Generating Kits code: BR56/BR6o 

Description 

The Oxoid Gas Generating Kits for Campylobacter isolation, 
BR56 and BR60 constitute a reliable and convenient method for 
producing suitable gaseous conditions, in standard anaerobic 
jars, for organisms such as Campylobacter species which 
require a reduced oxygen atmosphere. 

BR56 and BR60 are disposable gas generating sachets that 
produce hydrogen and carbon dioxide in sufficient quantity that, 
after reaction with a palladium catalyst in an anaerobic jar, will 
produce an optimal gaseous atmosphere for the growth of 
campylobacters and other microacrophihc organisms. BR56 is 
designed for 3.0-3.5 litre jars and is suitable for the Oxoid 
Anaerobic Jar HP11 and for many other jars currently in use in 
laboratories. When used as directed each sachet will produce 
about 1 ,000 ml hydrogen and 350 ml carbon dioxide. 

BR60 is designed for 2.5-3.0 litre jars and is for use with the 
small light-weight plastic anaerobic jar. it is not suitable for use 
with the Oxoid Anaerojar AG025A which should be used only 
with Anaerogen and CampyGen sachets. When used as 
directed, each sachet of BR60 will produce about 700 ml 
hydrogen and 250 ml carbon dioxide. 

In each case a residual concentration of about 6% oxygen and 
10% carbon dioxide in the jar is obtained in under 30 minutes. 

Some variation in the oxygen level in each jar will occur, 
depending on the number of inoculated plates. 

Use of an anaerobic indicator to check the efficiency of catalysis 
is inappropriate but catalysis will produce pressure changes 
which can be observed from the gauge fitted to the Oxoid 
Anaerobic Jar. After an initial pressure increase of approximately 
0.1 bar, catalytic activity will lead to a pressure reduction to zero 
or even -0.05 bar. Should the catalyst be inactive the pressure 
will rise to approximately 0.2 bar and be maintained. 

Directions 

1 . Cut off the corner of a sachet as indicated by the broken 
line. 

Avoid folding or crushing the sachet. 

2. Add a measured 10 ml of water. 

3. Immediately stand the sachet upright in the anaerobic 
jar fitted with an active catalyst and close the lid according 
to the manufacturer's instructions. (If preferred, water may 
be added to sachets already located in the jar.) The use of 
the Oxoid catalyst is recommended, because of its high 
efficiency, combined with inpuilt safety features. Activity of 
the catalyst may be prolonged by ensuring that it is dry on 
each occasion it is used. Heating to 160"C for 90 minutes 
after each use is recommended. 

4. Disposal 

After opening the jar, the exhausted sachet should be 
removed without spilling the contents. The solution left in 
the sachet is mildly acid and may be poured away into a 
sink and flushed with running water. The empty sachet can 
then be discarded with normal laboratory litter. 

Warning 

Gas Generating Kits activated but not in gas jars should be kept 
away from unguarded flames and sparks. Once the reaction has 
subsided (after about 30 minutes) the sachet can be discarded 
as above. 

Campylobacter Gas Generating Kit showing the hydrogen and carbon dioxide 
generating components within the sachet. Unipath Marketing collection. 

The Oxoid Anaerobic Jar with Campylobacter Gas Generating Kits for 2.5 litre 
and 3 .5 litre gas jars. Vnipath Marketing collection. 
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CampyGen Code: CN025NCN035A 

Description 

Oxoid CampyGen creates a suitable atmosphere for growth of 
Campy/obacter spp. by decreasing the oxygen content and 
increasing the carbon dioxide content in air. 

lt is very easy and safe to use; the sachet is removed from its 
protective foil pouch and placed in an anaerobic jar immediately 
before sealing. 

lt is not necessary to add water to activate CampyGen. 
Hydrogen is not produced and there is no increase in pressure 
within the jar. A catalyst is not needed. The reagents contained 
within the sachet become active on contact with air. Oxygen is 
rapidly absorbed with the simultaneous generation of carbon 
dioxide. The chemical reaction is exothermic and it is quite 
normal for the sachet to become warm to the touch. 

CampyGen is supplied in two sizes, for 2.5 litre and for 3.5 litre 
jars. The smaller size is for use with small anaerobic jars and the 
Anaerojar, a lightweight gas jar specially designed for use with 
Oxoid Anaerogen and CampyGen. The larger size is used with 
the Oxoid 3.5 litre anaerobic jar. Use of the appropriate 
CampyGen sachet with either of these jars ensures the creation 
of optimal atmospheric conditions for the growth of 
Campy/obacter spp. and other microaerophilic microorganisms. 

Directions 

Remove the CampyGen sachet from its protective foil pouch 
and place in the Anaerojar or Oxoid Anaerobic Jar immediately 
before sealing. 

Disposal 

CampyGen sachets may be disposed of with normal laboratory 
dry waste. 

Used CampyGen sachets may possess residual activity and 
become warm to the touch on removal from the jar. 

The Oxoid Anaerojar in use with a CampyGen sachet. Unipath Marketing 
collection. 
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