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ABSTRACT

Various methods and samples were investigated for isolation of 

Campylobacter fetus subspecies jejuni. With the growing concern over 

intestinal infection due to Campylobacter fetus subspecies jejuni, 

discovery of its epidemiology has become increasingly important. The 

most likely source of infection is from ingested liquids, and results 

showed filtration followed by an inverted filter incubation to be the 

best method tested for recovery of the organisms.

vi



LITERATURE REVIEW

Until the early 196O’s, the genus Vibrio was a menagerie of misfit 

organisms. Bacteria that did not seem to fit clearly into the tax

onomy, and vaguely resembled Vibrio, were superficially located in the 

Vibrio genus. This lead to complications that eventually had to be 

cleared up.

True Vibrio are characterized by lateral flagella, ability to

ferment sugars, fermentative and respiratory metabolism, being catalase 

negative and facultatively anaerobic. The organisms are Gram negative

rods or curved rods. They characteristically cause enteritis in 

man (5).

Eventually, enough information was gathered to identify and sepa

rate organisms that had been labeled Vibrio but really were not Vibrio.

One of the groups of organisms to be separated became the genus 

Campylobacter. It had been known as "related Vibrios", but in 1963 

the Campylobacter genus was established. Characteristics of this genus 

include its unique corkscrew motility, solely polar flagella, total 

reliance on respiratory metabolism, inability to ferment sugars, and 

its being microaerophilic and catalase positive. Campylobacter are 

more S-shaped or spiral than Vibrio (5). This difference between the 

two genera can be easily distinguished with a good microscope.

There are inconsistancies in the species names used for Campylo

bacter. The "official" names as published in the International Journal 

of Systematic Bacteriology designate organisms as Campylobacter .jejuni 

(also known as C. coli), C. fetus subspecies fetus, and C. fetus ss.
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venerealis. The official nomenclature is not the nomenclature commonly 

used, though. The practical names used are G. fetus ss. jejuni for 

C. jejuni, C. fetus ss. intestinalis for G. fetus ss. fetus, and C. 

fetus ss. fetus for C. fetus ss. venerealis. The "practical" names are

the favored names in the United States and are the names used in the 

8th edition of Bergey's Manual of Determinative Bacteriology (3). It 

is also the system of naming subscribed to in this study. Very likely, 

the practical names will eventually become the official names, but these 

kinds of changes take time (l).

There are other species and subspecies present in the Campylobacter 

genus, but the three mentioned are the most common and the most impor

tant. These three are very similar, but can be rather easily differ

entiated. C. fetus ss. jejuni grows at 35°C and 4-2°C, but not at 

25°C. This separates it from the other human pathogen C. fetus ss. 

intestinalis, which grows at 25°C and 35 °G, but not at 42 °C. C. fetus 

ss. fetus is not associated with human disease and can be identified

by its inability to grow in 1% glycine Brucella broth. C. fetus ss. 

intestinalis is easier to maintain in the laboratory than C. fetus ss. 

jejuni, but the latter is considered clinically more important (3, 7» 15)

The specific organism used in this study was Campylobacter fetus 

subspecies jejuni, and for the sake of brevity it will henceforth be 

referred to as C.f.j. C.f.j. are microaerophilic, Gram negative, small, 

curved rod bacteria. The shape can be a comma to S-shaped to gull

winged to a spiral. The organism cannot grow aerobically and grows 

poorly anaerobically. It does not ferment carbohydrates. It is both 

catalase and oxidase positive, which aids in quick presumptive identi

fication when matched with the Gram stain (5).
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C.f.j. has a characteristic corkscrew motility from a single 

flagellum at one or both ends. Studies examining the flagella through 

staining have shown single flagellum at both ends to be the most common 

morphology. The high motility of the organism often results in its 

swarming over the surface of media plates in thin layers (3, 6). This 

can make growth very difficult to see and colony counting virtually 

impossible.

C.f.j. is non-hemolytic and very temperature specific. It grows 

best at 42°C, somewhat at 35°C, and not at all at 25°C (15)« Even a 

slight variation in temperature can greatly affect growth of the or

ganism.

This sensitivity to environmental conditions is especially visible 

when trying to store viable cultures of C.f.j. Investigation into the

source of the sensitivity has been inconclusive. Often the organism

can be stored in a viable state for a long period, while another occa

sion may see the organism die very quickly. Of particular interest 

is the seeming limit of about one month for viability of refrigerated 

broth cultures. The inconsistant length of usefulness of stored cul

tures make this organism very difficult to work with.

However, cultures can be maintained indefinitely by mixing a 

portion of the colony with a small amount of defibrinated blood in a 

small vial. Sterile glass beads are added and the vial is sealed and 

stored at -70°C. This is for long term storage and serves as a source 

of stock cultures for the organism (l).

In old cultures, C.f.j. tends to take on a rounded, coccobacillary 

shape. The exact reason for the morphologic change is unknown, but it 

is generally supposed that the organisms are dead or dying. Some older 

plate cultures can also develop a metallic sheen similar to that seen
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TABLE 1

Differentiation of the Species in the 

Genus Campylobacter (9)
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with Pseudomonas sp.

A significant amount of information is known about C.f.j., but 

there are some important voids in knowledge of the organisms. Included 

in knowledge lacking is its epidemiology, physiology and genetics (3).

In the past, C.f.j. proved difficult to isolate, so it was consid

ered to be rare. Thus, the incidence of Campylobacter infections has

been greatly underestimated. Findings have put C.f.j. presence at a 

level comparable to Shigella and Salmonella as a rather common cause 

of enteritis in man (5). Now that C.f.j. is known to be not so rare, 

it is coming under closer scrutiny and the information base on the 

organism is expanding.

The first regular source of C.f.j. was spontaneously aborted lambs. 

The organism could be isolated from the placenta and stomach contents 

of the fetus (13) • C.f.j. was found to be a major cause of these 

abortions in sheep.

The chief clinical manifestation of C.f.j. in man is acute gastro

enteritis. The affliction is characterized by diarrhea, strong ab

dominal cramps and pain, fever, malaise, headache and nausea. Exami

nation of stools will often reveal gross or occult blood and white 

blood cells. Recent evidence indicates that the organism may invade

the intestinal mucosa, which could be the cource of the blood and 

white cells (2, 8). The diarrhea may be of any sort, such as being 

bloody, purulent or mucoid. Severe dehydration is not common.

The cramps caused by C.f.j. are generally less intense, but more 

prolonged than those caused by Salmonella or Shigella. The major 

symptom used to distinguish between infections of C.f.j. and Shigella 

or Giardia is that C.f.j. will cause fever, while the other two will

not (l). Other than that, the organisms produce remarkably similar
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illnesses.

Diarrhea from C.f.j. can last from several days to over a week.

A study in central Africa has shown that C.f.j. caused most of the 

gastroenteritis that lasted over two weeks (13). It can be very per

sistant. As is true with most bacterial enteric pathogens, there are 

healthy carriers of the organism. But, the percentage of carriers 

is so small that presence of C.f.j. is considered diagnostic for 

enteritis. Most carriers are in tropical areas and shed the organ

isms for an extended period.

Most cases of bacterial gastroenteritis are not treated with

antibiotics unless the infection is severe. This is true for C.f.j. 

infections. If an antibiotic is used, erythromycin is preferred (5). 

Also effective are tetracycline, doxycycline and gentamycin. Treat

ment for the infection is symptomatic, to relieve the diarrhea, cramps, 

etc. This includes either oral or intravenous fluid therapy (13).

There have been many attempts to find a selective medium suitable 

for C.f.j. Three of the most common are Campy-BAP, Butzler's medium 

and Skirrow’s medium. Campy-BAP has a Brucella agar base, 10^ defib- 

rinated sheep blood and contains the antibiotics vancomycin, trimeth

oprim, polymyxin B, amphotericin and cephalothin (3)- Their purpose 

is to cut down the growth of more prolific normal flora organisms, 

since C.f.j. is resistant to these antibiotics.

Butzler's medium consists of fluid thioglycolate media, agar, 

water and defibrinated sheep blood. The antibiotics added to this are 

bacitracin, novobiocin, actidione, colistin and cephalothin (3)•

Probably the most widely used, and the medium used in this study, 

is Skirrow's medium. It uses a blood agar base, lysed defibrinated 

horse blood and the antibiotics vancomycin, polymyxin B and
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trimethoprim (3). The horse blood, is lysed by repeated freezing and 

thawing. The color of this medium can often mask the presence of C.f.j.,

so careful observations must be made.

Most C.f.j. isolates are from stool samples. Rectal or fecal 

swabs from suspected patients should be streaked on selective media as 

quickly as possible. C.f.j. has such a high mortality rate that, for 

proper identification, incubation must start soon. Refrigeration, but 

not freezing, of samples can prolong their usefulness.

The epidemiology of C.f.j. is not understood well at all. In

vestigation of outbreaks of the organism have suggested it may be in 

contaminated water or food (17). Drinking raw milk has also been im

plicated (6, 13). It is thought that man can pick the organism up 

from infected animals, such as dogs, cattle or poultry. Infected 

puppies in households are especially likely sources. After human in

troduction, person-to-person transmission is most probable. This 

hypothesis is supported by entire families, sometimes several close 

families, becoming infected.

Infections have been reported throughout the year, but by far the 

majority occur in the summer months (l3)« This is true for all forms 

of gastroenteritis. Something about the warm part of the year seems

to enhance the number of infections. As might be expected, the inci

dence of infections is high year round in tropical areas. The presence 

of C.f.j. is worldwide, but most frequent in the tropics.

The increase in significance with the rising number of reported 

positive cases has stirred interest to investigate C.f.j. While it is 

now easy to diagnose C.f.j. infections from clinical samples, no regular 

source of infection has yet been found. The potential future need for 

knowledge of the source(s) is great in learning how to control infections.
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To find, the source(s), a reliable method is needed to allow for iso

lation of the organism from environmental samples. It was the object 

of this study undertaken at the Montana State Department of Health and 

Environmental Sciences Microbiology laboratory to find an effective 

medium and method for isolating C.f.j. from liquid samples.
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MATERIAL AND METHODS

A. Culture Organisms

The cultures used, in this research were obtained, from the frozen

stocks of the Montana State Microbiology Laboratory. Included, were: 

9434-79, 9505-80, 11305-80, 13604-80, 13653-80, 13908-80, 13909-80, 

13910-80, 14087-80, l4088-80,and 14339-80. Also used was the fresh 

isolate 11410-81. All of these Were from cases of human gastroenteri

tis.

B. Culturing

The frozen stocks were prepared by suspending a loopful of C.f.j.

in 1 ml of defibrinated blood in a sterile vial. The vial was filled 

with sterile glass beads, capped, shaken and stored at -70°C. These 

cultures have virtually indefinite viability.

To revive the frozen cultures, the vial is thawed and several of

the beads are transferred to a tube of heart infusion broth. The tube 

is incubated microaerophilically at 42°C. for 48 hours. This tube 

culture is usually subcultured once. The subculture may be viable for 

up to several weeks if kept refrigerated.

C. Culture Media

Several liquid and solid media were used in this study. The 

liquid media were heart infusion and brain-heart infusion broths. The 

solid media were regular Skirrow's, Skirrow's with two concentrations 

of cephalothin, and VCN.

Heart infusion and brain-heart infusion broths were both initially

used to revive frozen C.f.j, cultures.
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Regular Skirrow's medium, as previously outlined, was frequently 

used in this study.

Two of the other solid media were Skirrow's medium to which different

concentrations of cephalothin were added. The two concentrations of 

cephalothin were .0015 mg/l00 ml and 40 mg/l. The cephalothin was added 

for extra inhibition of undesired organisms. C.f.j. is resistant to 

cephalothin.

The final solid media used was VCN. Abbreviation of the antibi

otics vancomycin, colistin and nyastatin gives the name VCN. This 

medium is essentially the same as modified Thayer-Martin medium as used 

for Neisseria gonorrhoeae. The VCN medium is most widely used in South

Africa in conjunction with a double filtration, and is rarely used in 

the United States for C.f.j. (9)»

D. Effect of Preservatives

Excess water from samples sent to the Environmental Microbiology 

Laboratory was to be used as a suspensory agent in this research. It 

thus became necessary to find how the chemicals used in collection of

the samples might affect the C.f.j. The particular chemical preser

vative in question was sodium thiosulfate. Two drops of it are added 

to each sample bottle used for collection of water to be tested for

bacteria content.

To test the effect of the sodium thiosulfate, .5 ml of a heart 

infusion culture was added to ml of sterile water in a screw cap 

tube. The broth cultures were of isolates 14087-80 and 14339-80. Zero, 

one, two and three drops of sodium thiosulfate were each added to one 

of the tubes of each isolate, giving eight tubes total. The tubes were 

incubated overnight under appropriate conditions. The next day, .1 ml
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from each tube was transferred to a Skirrow's plate. The remainder of 

each tube was individually filtered through a Millipore apparatus to 

recover any live organisms. The filters were also plated on Skirrow's

media.

E. Filtration

Since the most likely source of C.f.j. in the environment was a 

liquid, the techniques developed in this research centered around 

filtration of fluids. All of the equipment used was furnished by the 

Montana State Microbiology Laboratory. Standard Millipore filtration 

was the apparatus of choice. A three funnel base stand was attached to

a vacuum line. Each funnel unit consisted of a stoppered funnel base,

which fit into the base stand, and a funnel chimney, which sat on the 

funnel base and held the liquid to be filtered. The Millipore membrane 

filters fit between the funnel base and the chimney. The filters used 

were HA (.L5 micrometer mean pore diameter), HC (.? micrometer mean 

pore diameter) and sterilizing filters (.22 micrometer mean pore 

diameter).

Phosphate buffer of pH 7.2 was used to rinse down the chimney 

after each filtration to reduce any possible carry-over of bacteria 

between filtrations. Control filtrations were initially done after 

each test filtration to check the effectiveness of the rinsing. For 

the controls, 100 ml of the phosphate buffer was filtered followed by 

rinsing.

The material used in the filtrations to test the various isolation

procedures was "seeded water." This was 100 ml of plain water to which 

.1 ml of a C.f.j. broth had been added. The broth was heart infusion

that C.f.j. had grown in for two days and then was refrigerated until
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needed. The broth was tenfold diluted by transferring .5 ml of the 

broth to 4.5 ml of trypticase soy broth. The dilutions were usually 

carried out to 10 giving a total of six diluted tubes. The dilutions

were used without incubation.

After the dilutions were prepared, 100 ml of water was poured into 

a chimney that had a filter in place and .1 ml of the appropriate

dilution was added to the water. The vacuum valve was opened to draw

the water through the membrane filter. The filtered liquid was collect- 
-4ed in a glass jar. Normally dilutions of 10 or greater were used to 

give optimal amounts of growth on the filters. Once the vacuum had

drawn the water through and the rinsing was done, the filter was removed 

and placed on an appropriate medium with the exposed side of the filter

away from the medium.

All liquid samples used in this study were handled in this manner, 

or in a manner that varied only slightly.

In a few instances, the solution would be double filtered, using 

first an HC filter. The filtrate from this would then be put through 

a sterilizing filter. This procedure was used only in special cases 

that were specifically noted.

A wide variety of liquid samples were used in this study, ranging 

from drinking to waste water. Sources were the Red lodge city supply

and various locations around Helena.

The city of Red lodge had trouble with its drinking water in the 

summer and autumn seasons of 1980. There was a city-wide outbreak of 

diarrhea and associated maladies. The outbreak was large enough to 

warrent an investigative team from the Center for Disease Control (CDC) 

in Atlanta. Ten samples of the Red lodge city water were obtained by

the Montana State Microbiology laboratory for this research project.
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The samples were handled and filtered in the manner just outlined,

except for samples 1 and ?. These two samples were double filtered by a 

method described for such. This procedure was to ensure that all 

bacteria present in the sample would be collected. A shortage of 

equipment prevented all ten of the samples from being double filtered. 

Samples 1 and 7 were chosen because they were the most turbid.

Six water samples from the Helena area were collected in contain

ers with no sodium thiosulfate. Four of the samples were from locations 

in Chessman Reservoir, one was from the effluent pipe leaving Chessman

Reservoir and the final sample was from the duck pond at the Lewis and 

Clark County Fairgrounds. These samples served as tests for an invert

ed filter incubation technique described later.

The last natural water sample tested for the presence of C.f.j.

came from the primary clarifier at the Helena Waste Water Treatment 

Plant. After collection, the sample was refrigerated for two days 

to allow solids to settle. The first filtration of the sample used 

100 ml of the full strength effluent. A later filtration was done 

using a filter pad prefilter to remove larger suspended particles and 

enable more of the water to pass through the finer HC filter. This 

let 150 ml of the primary effluent be easily filtered.

Water was not the only sample used in this research. Food was 

also used, though in a limited number. The food sample was cheese

curds from a Bozeman cheese manufacturer that were sent to the Environ

mental Microbiology laboratory because of suspected bacterial contami

nation. The curds were the suspected cause of gastroenteritis in 

several people who had consumed them.

The curds were prepared for filtration by mixing 10 grams of the

curds with 90 ml of buffer in a sterile blender. This created a IO-'*'

CARROLL COLLh. ’ >f ARY 
HELENA, MONTANA 59601
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dilution of the curds, which was then used for the filtering. The 

suspension was first filtered through sterile filter paper to remove 

the large chunks. The filtrate from this was then double filtered as 

described. The filters were plated in typical fashion. Additionally, 

a few drops of each filtrate was spread on a plate and incubated to 

discover how far through the filtration process the organisms could go.

F. Methods of Incubation

Several incubation techniques were employed in this study in an 

attempt to prevent swarming of C.f.j. These included alcohol rinses,

agar overlays and modifying the position of the incubating membrane

filters.

Rinsing plates with 95% ethanol is standard procedure with many 

kinds of media. Most organisms are very tolerant of the ethanol, but it 

can help to inhibit swarming. The mechanism involved is not known.

The plates are rinsed briefly, allowed to dry and then used as usual. 

This was tried with all four types of test media in the research.

The agar overlay technique involves applying a thin layer of liquid 

agar to the plates after the filters have been placed on them. The 

liquid agar solidifies and seals everything onto the plate. Both 2% 

and 1% plain agar mixtures were used.

Variations of placing the filters on the plates for incubation 

were also tried to cut down on swarming. The variations involve incu

bating the filters in a position inverted from their usual placement. 

Essentially, the filters were incubated upside-down. This idea was 

spurred by a similar technique being used by researchers at CLC. The 

variations were in the length of time the filters were left inverted.

The methods were: leaving the filter inverted on the plate for the
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entire 48 hour incubation; pressing the filter on the plate and. removing 

it immediately; and finally, incubating the inverted filter for six 

hours and then removing it. In all three cases, the entire incubation 

period was 48 hours. The principle behind the inversion was to put

• the bacteria back on the media surface where they swarmed less, but

were in the same pattern as on the filter.

These plates had to be incubated in a microaerophilic atmosphere, 

which necessitated reducing the atmospheric oxygen concentration to 

below 5%« This was achieved by closing the plates in an anaerobic incu

bation jar without the palladium catalyst and evacuating the jar with 

a vacuum line to 20 cm of mercury. The jar was evacuated twice, each 

followed by a refilling of the jar with a gas mixture of 80% nitrogen, 

10% carbon dioxide and 10% hydrogen, and then sealed. Three such 

evacuations and refillings would give an anaerobic atmosphere. An in

line mercury manometer showed the relative pressure in the jar.
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RESULTS

A. Culturing

The broth cultures of revived frozen cultures had variable lengths 

of viability when refrigerated. Some cultures remained viable consid

erably longer than others. Usually the cultures would unexpectedly 

turn up dead not long after having been used and alive. The length of 

viability could not be accurately estimated, so when they died new

cultures had to be revived from the frozen stocks.

B. Culture Media

Both heart infusion and brain-heart infusion broth were initially

used for reviving C.f.j. Since the organism grew better in heart in

fusion, it was used throughout most of the research.

Because raw and environmental samples were used in this study, 

it was natural for prolific normal flora organisms to show up on the 

media plates. It was this abundance of prolific organisms that stirred 

the investigation with the four types of solid media. The media were 

being tested to see which best suppressed the undesired organisms. 

Extensive use of all four types was limited to early research. It 

became apparent quickly that Skirrow's medium, while it did not sup

press the undesirables in all instances, was still the best medium for 

culturing C.f.j. Skirrow's did not inhibit all of the prolific organ

isms, notably Pseudomonas, but even so the plates could still be used. 

Colonies of C.f.j. could be rather easily differentiated by their 

physical appearance. See photograph 1.

An interesting phenomenon came from using the Skirrow's plates
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to which 40 mg/l cephalothin had been added. Suprisingly long organisms, 

or chains of organisms, were common in Gram stains made from C.f.j. 

grown on these plates. The organisms could be tens of times longer 

than a normal C.f.j., and about half again as thick. The 'giant* 

bacteria were highly spiralized. They grew as normal appearing colonies 

and did not seem to be adversely affected by the high concentration.

The reason behind the 'giants' is a mystery.

VCN plates did not work well at all. Very little growth would 

appear. Workers at CDC have had little success with the media, also. 

These findings are odd in view of the success the South Africans have 

had. Apparently they know how to use the media, because it has made a

poor showing in the United States.

C. Effect of Preservatives

No growth appeared on the plates being tested for the effect of 

sodium thiosulfate. It seems that prolonged contact of C.f.j. with the

chemical is detrimental to the survival of the organism.

D. Filtration

The control plates to test the effectiveness of the chimney rinsing 

showed no growth through several trials. This indicated that the 

rinsing was very effective in eliminating any bacteria carry-over.

The controls were then limited to one before and one after the test

filterings were done.

A significant result showed up immediately when membrane filters 

were used. It was the habit of C.f.j. to spread evenly and entirely 

over the surface of the filter. This made growth difficult to detect 

and enumeration of colonies virtually impossible. See photographs 2

and 3. When the organisms were in direct contact with the media surface,
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swarming was not nearly as severe. Isolated, colonies could be easily 

obtained. The swarming problem seemed inherent in the filters.

When seeding water to create a test sample, a 48 hour heart infu
sion broth culture diluted out to 10 & gave adequate results and often 

gave the optimal organism concentration for filtering the C.f.j. More 

concentrated dilutions usually gave too much growth on the plates.

A 10 dilution generally gave about 50 colonies on a filter incubated 

in the normal fashion. So, not many of the organisms needed to be

present for the C.f.j. to be detected in this laboratory arranged fil

tration.

With the water samples from Red. lodge, only the HC filters from 

samples 1 and 7 had any growth. Each plate had one colony growing and 

neither one was C.f.j.

The water from the Helena city water supply at Chessman Reservoir 

also showed no presence of C.f.j., nor any other bacteria. Gram stains 

of scrapings from the filters showed much of what appeared to be algae

or diatoms, but no bacteria. However, the filter from the duck pond 

sample had a conglomeration of bacterial growth, and more of the possible 

algae. One of the bacteria resembled C.f.j. in the Gram stain, so it 

was transferred to a separate plate. It was negative. No C.f.j. was 

found in any of the six samples.

The sample from the Helena Waste Water Treatment Plant plugged 

the membrane filters very quickly and so the volume filtered was re

duced. Even so, the filters of the primary effluent were thick with 

growth of bacteria. All sorts were present, but no C.f.j. seemed to be 

present in visual checks and Gram stains. If any C.f.j. had been pres

ent, it could have been overrun and lost in the thick growth of what 

appeared to be Escherichia coli, Pseudomonas sp. and Proteus sp. The
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effluent had seemed a likely place to find C.f.j.

The cheese curds also proved negative for C.f.j. The suspension 

of the curds easily plugged the filters, so the process was slowed a 

bit. The only plates with any growth were those with the HC filters. 

Evidently the pores in this filter were small enough to catch all of 

the bacteria present. The growth on these plates was heavy, but none 

was C.f.j. Even subculturing showed none. Jugding from Gram stains, 

the growth appeared to be E. coli and Bacillus sp. Campylobacter, it

would seem was not the cause of illness in the people who submitted the

curds for examination.

E. Methods of Incubation

No C.f.j. grew on any of the plates that had been rinsed with 

ethanol. Evidently C.f.j. is very sensitive to alcohol and was killed 

by the contact, rather than being immobilized as was hoped.

The agar overlays using 2% agar proved to be much too thick to be 

used. The overlay was about an eighth of an inch deep, which was more 

than allowable. The 1% agar was more fluid and gave a thin, even cover 

ing. After two days of incubation, the only growth was on top of the 

overlay, not under it as desired. None of the surface colonies were 

C.f.j. The overlay must have created an environment inhibitory to the 

organism.

Positive results from the incubation of inverted filters did not

immediately show. The filters that were left inverted for the duration 

of the incubation had a massive mixture of bacteria growing under them. 

Swarming still occurred, but in a more confined space.

The inverted filters that were immediately removed rarely showed 

any growth. See photograph Occasionally, isolated colonies would
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show up. No bacteria, or very few, were being transferred from the 

filter to the media. Contact between the two was not long enough.

When using a workable concentration of bacteria in the seeded 

water, the filters left inverted for six hours gave nicely isolated

£ colonies. See photograph 5- Swarming was held to a minimum. This gave

a potentially good method for isolating C.f.j. from liquid samples.

It reliably gave separated colonies, which was the result sought.

There was no major reduction in colony counts when using the six hour 

technique. Undoubtedly some bacteria were lost with the filter, but 

not a substantial number. This became the preferred method for handling 

liquid samples in this study.
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CONCLUSION AND DISCUSSION

Though it can now he easily isolated from specimens, Campylobacter

fetus subspecies jejuni is a very difficult organism to work with in 

the laboratory. It is very sensitive and has unusual growth require

ments. It often does not give repeatable results in many kinds of 

studies. Most of the problems are from a lack of knowledge about 

C.f.j., but now that it is recognized as an important human pathogen, 

this situation is being changed.

The organism is very sensitive to its environmental condition. 

Temperature can have profound effects on growth. The atmosphere must 

also be right or the bacteria will not grow. These characteristics

probably contribute to the seasonality of C.f.j.

The viability of refrigerated cultures are of no logical duration. 

This only contributes to the difficulty of studying the organism in the 

laboratory. Perhaps the problem is in the media used, but it is not 

known for certain. Other researchers of C.f.j. have similar problems (l)

It seems pointless to search about for another medium that will 

inhibit all undesired organisms and promote C.f.j. Skirrow's medium 

works very well, even though it occasionally allows overgrowth by other 

organisms. Searching for a little more suppression just would not pay 

off because the increased yield would be minimal.

One area that might be valuable in future work is to use a medium 

with a high concentration of cephalothin for finding C.f.j. in environ

mental samples. The media could make the presence of the organism 

much more obvious and should be investigated.

C.f.j. was one of the organisms being checked for by the CDC team
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in the Red. Lodge water. They found none, so it was not surprising when 

none was found in this study. It was discovered later that the bottles 

used for collecting the samples for this research contained sodium 

thiosulfate, so the presence of that chemical may have affected the 

C.f.j., if any had ever been present. CDG identified the cause of the 

gastroenteritis outbreak as being the flagellate Giardia. Since the 

controls run with the samples worked, any C.f.j. present should have

been found.

An interesting fact came to light on the Helena city water samples 

that were tested. An angry controversy erupted soon after the city 

started use of its Chessman supply late in the summer of 1980. The 

water in much of the city became quite colorful in taste and smell. 

Several cases of diarrhea were credited to the water. Fortunate, in a 

sense, was the coincidence of the water problem with this study. The 

water was tested for C.f.j. as an added bonus. No C.f.j. was found, 

but the amount of chlorination done by the city should have been more 

than sufficient to kill any bacteria. The unpleasant smell and taste 

were said to be the result of a large, late summer algae bloom. Some 

of the algae got into the city supply and caused problems. This was 

supported by the findings of this study.

Even though no C.f.j. was found, the unique circumstances surround 

ing the Chessman water supply made it a very interesting sample source. 

It also gave an opportunity to test some of the techniques that had 

been developed. Again, if any C.f.j. were present in the water, it

would have been found.

Waste water very likely holds some C.f.j. Though none was found 

in this study, the research done was not nearly extensive enough to 

rule out the possibility. Waste water would be an unlikely source of
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infection, but it would, show whether the organism was present in a city. 

Much would, depend, on the time of the year the investigation took place 

because of G.f.j.'s seasonal occurrence.

In this situation more suppression may be desirable, but since

waste water is an unlikely source of infection, the effort would 

probably be wasted.

The suspect food tested in this study was negative for C.f.j.,

as was expected. Food is probably not the source of C.f.j., but it is 

worth investigating. Food that could be liquified could be used in 

the techniques developed here.

C.f.j. seems to be unusually sensitive to alcohol. Many bacteria, 

especially intestinal organisms, can withstand high amounts of it, up 

to 1.5% of the media total (l). So, it was rather surprising when 

alcohol disposed of the C.f.j. so easily. This again demonstrates the 

sensitivity of C.f.j. which makes it so difficult to work with.

Since the most likely source of C.f.j. in the environment was 

liquid, the techniques developed in this research centered around

filtration of fluids.

The swarming problem was solved with the advent of inverting the 

filters during incubation. When on the media surface, C.f.j. does not 

swarm much. The immediate removal of the filter from the plate re

sulted in too great a loss of the bacteria, leaving the filters in

verted for six hours before removal gave approximately half the number 

of colonies that were present on filters incubated normally. That may 

sound like a high loss rate, but it really is not when it is remembered 

that the bacteria have usually been diluted to 10 of the original 

concentration. Normal filters gave about 50 colonies, inverted filters

left about 25. The loss is essentially insignificant when comparing
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50 million to 25 million bacteria.

Worthy of note is the fact that the graph pattern present on the 

filters could be transferred to the agar by inverting the filters.

If the pattern were needed, this would support the idea of filter

inversion.

In summary, the entire procedure developed for isolating C.f.j. 

from liquid samples is as follows. From an appropriate sample, 100 ml 

of water is placed in a filtering chimney. The sample is drawn through 

a filter and the chimney is rinsed with phosphate buffer while the filter

is still in place. The filter is removed, placed upside-down on the 

media plate and incubated microaerophilically for six hours. The 

filter is removed and the plate is incubated for the remaining 42 

hours. Any growth is screened via Gram stains for C.f.j. If necessary,

the number of colonies are counted. If the bacteria concentration is

too high, the sample can always be diluted.

Though no C.f.j. was isolated from any of the environmental sam

ples, the study was not a failure. The major problem to be solved was 

to find a technique to isolate C.f.j., and some promising procedures 

were developed that may help with future attempts to isolate the organ

ism. Most of the work in this project was directed toward this end 

more so than actually isolating the organism from a sample. Thus, the 

findings were qualitative. Further evaluation of these developed 

techniques remains for other researchers.

The lack of success in isolating C.f.j. from the environment 

should not discredit the techniques developed. Research being done 

at CDC is very similar in aim to that presented here, and preliminary 

communication with CDC shows similar findings. The techniques were

intended for use with liquid samples, but liquified samples could also
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be used.

There are many possible reasons why C.f.j. did not show up. By 

the time many of the samples were obtained, it was rather late in the 

year to be looking for C.f.j. It was entirely possible that none of

• the samples tested had any C.f.j. present to begin with. Or, possibly

the presence of C.f.j. was masked by other, more prolific organisms.

Any number of causes could have brought on the lack of Campylobacter, 

but the success that was obtained in the laboratory in this study in

dicates there may be some practical use to the techniques developed.

There has not been much completed work published about C.f.j., 

so there was not much background to draw from in comparison to the 

volumes of published material on organisms such as Escherichia coli

and Neisseria gonorrhoeae. Because of this, much of the research 

involved a kind of "hit-and-miss" approach. Characteristics of C.f.j. 

had to be discovered through experience rather than background readings.

Now that it is recognized as an important enteric pathogen, the

information voids surrounding Campylobacter fetus subspecies jejuni 

are slowly being filled. Instrumental in learning how to control 

infections by this organism will be discovering its location in the

environment. It is in this area that this research was intended to

contribute.
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PHOTOGRAPH 1

Visual differences between Gampylobacter fetus ss. jejuni 
and contaminant growth.
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PHOTOGRAPH 2

Invisibility and swarming of Campylobacter fetus ss. jejuni 
when grown on a membrane filter.

PHOTOGRAPH 3

Membrane filter scraped to indicate growth of Campylobacter 
fetus ss. jejuni.
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PHOTOGRAPH 4

Incubated inverted filter plate from which the filter was 
immediately removed (no growth).

PHOTOGRAPH 5

Six hour incubation inverted filter plate illustrating 
the isolated colonies obtained.



29

LITERATURE CITED

1. Abbott, Douglas 0. Personal communication.

2.

3.

4.

5.

6.

Bokkenheuser, Victor D.; Richardson, Neville J.j Bryner, John H.; 
Roux, Daniel J.; Schutte, Awie B.; Koornhof, Hendrik J.; Freiman, 
Ida; and Hartman, Ella. "Detection of enteric campylobacteriosis 
in children." J. Clin. Microbiol. 9: 227-232, 1979.

Brachman, Philip S., and Robinson, Roslyn Q. "Diarrheal Disease 
Caused by Campylobacter fetus Subspecies jejuni (Revised)." 
Memorandum from the Center for Disease Control, Atlanta, Georgia,
5 September 1980.

Brachman, Philip S., and Robinson, Roslyn Q. "Laboratory Methods 
for Isolation of Campylobacter." Memorandum from the Center for 
Disease Control, Atlanta, Georgia, 4 February 1980.

Buchanan, R. E., and Gibbons, N. E., eds. Bergey's Manual for 
Determinative Bacteriology. 8th edition. Baltimore: Williams
6 Wilkins, 1974.

Center for Disease Control. Morbidity and Mortality Weekly Report. 
30: 90, 1981.

7. 80th Annual Meeting of the American Society for Microbiology. 
Roundtable on Campylobacter fetus subspecies jejuni Gastroen
teritis. Miami, 16 May 1980") (Mimeographed.)

8. Guerrant, Richard L.; Lahita, Robert G.; Winn, Washington C., Jr.; 
and Roberts, Richard B. "Campylobacteriosis in man: Pathogenic 
mechanisms and review of 91 bloodstream infections." Am. J.
Med. 65: 584-592, 1978.

9. Holdeman, L. V.; Cato, E. P.; and Moore, W. E. C., eds. Anaerobe 
Laboratory Manual. 4th ed. Blacksburg: Virginia Polytechnic 
and State University, 1977.

10. Hughes, James M., and Bennett, John V. "Campylobacter enteritis 
in Jackson, Wyoming." Public Health Service newsletter from the 
Center for Disease Control, Atlanta, Georgia, 4 February 1980.

11. Karmali, M. A., and Fleming, P. C. "Campylobacter enteritis in 
children." J. Pediatr. 94: 527_533, 1979-

12. Lennette, Edwin H., editor-in-chief. Manual of Clinical Microbiology.
3rd ed. Washington, D.C.: American Society for Microbiology, 1980.



30

13. Maine Public Health Laboratory. "Campylobacter enteritis." Lab
Gab Newsletter Vol. 7, No. 3, September 1978.

14. Patton, Charlotte M.; Mitchell, Sheila W.; Potter, Morris E.; and
Kaufmann, Arnold F. "Comparison of Selective Media for Primary 
Isolation of Campylobacter fetus subsp. jejuni." J. Clin.
Microbiol. 13: 326-330, 1981.

15. Smith, John P. "Gastroenteritis Due to Campylobacter fetus subspecies
jejuni." Diagnostic Dialog 1 (August 1979): 9-

16. Snyder, John D.; Bennett, John V.; Feldman, Boger A.; and Wells,
Joy A. "Campylobacter enteritis in Jackson, Wyoming." Public 
Health Service newsletter from the Center for Disease Control, 
Atlanta, Georgia, L December 1978.

17- Tiehan, W., and Vogt, R. L. "Waterborne Campylobacter gastroenteri
tis- Vermont. " Morbidity and Mortality Weekly Report 27: 207,
1978.

i


