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ABSTEACT

A strong correl ation has been reported between the occurrence
of gastroenteritis in man follow ng the consunption of unpasteurized
raw m | k and the isolation of biotypically in distinguished

Canpyl obact er fetus subspecies jejuni fromthe faeces of the herd

supplying the nilk. To date in Nigeria, virtually no work has
been done to determne the role of cattle in mlk contam nation by

C fetus subspecies jejuni. This work was therefore designed to

determne the preval ence of the organismin cattle faeces, mlk
and nmlk products. In addition, attenpts were nade to determ ne
the presence of virulence narkers of the isolates, determne
their susceptibility to antimcrobial agents coomonly used in
N geria and study factors that affect their survival in mlk and
m | k products.

Atotal of 1,000 rectal swabs and 300 raw m | k sanpl es
were collected fromcattle in randomty selected |ivestock, farns,
Ful ani herds and abattoirs. Al so, 140 sanples of locally fernented
mlk (nono) and local butter (mai shanu) were purchased fromZaria
narkets in Zaria and it's environs. Al tyese were cultured for

Canpyl obacter fetus subspecies jejuni using Butzler's selective

medi um

Heven isolates (1.1% were obtained fromthe rectal swabs.
No isolations were made fromany of the raw mlk sanples and the
m |k products. There was no statistically significant difference

in isolation rates anmong ani mal s fromdifferent sources (P>0.05,
2

X = 1.36). The low carriage rate observed in cattle faeces arid
the absence of the organism in the milk and milk products suggest

that cattle may not be a major souce of the organism in this area.
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Enterot oxi n production and typical epithelial cell
i nvasi ve process were not denonstrable using rabbit 1igated
ileal loop test, infant nmouse test and guinea pig conjunctivitis
test. These results suggest that the isolates obtained may not
be pat hogeni c.

The survival profiles of the isolated C, fetus subsp. jejuni

were determned at sel ected storage tenperatures at 4°C, 25°C
and 42°Cand pHof 5, 7 and 8.5. These studies reveal that the
test strains survived best in mlk held at pH 7.0 at all
tenperatures, and survival at this pHwas better at 4°C than

at 25 °C The viability of the test strains under all the test
conditions indicated the possible danger of transm ssion of
infection to individuals who consume nmilk and low acid mlk

products such as fernented mlk products and cheese.

The antibiotic sensitivity tests showed that al nost all
the 11 isol ates were sensitive to chl oranpheni col, gentanicin,
nal i di xi ¢ acid, streptonycin, neonycin, doxycycline, tetracycline,
and kananycin. Those anti biotics may be recormended as drugs of

choice for the treatnent of Canpyl obacteriosis due to C fetus

subspeci es j ej uni .
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CHAFTER ONE
INTRONUCTION

Campylobacter fetus subspecies jejuni im now

recognized as a leading czuse of acute bacterial
gastroenteritis in humans (Butzler and Skirrow, 1979).
It has been associzated with diarrhea in adult and young
cattle (Jones et al., 1931), and epizootic abortion in
sheep and cattle (Bokkonheuser and Mosenthal, 1981).

It ie also commonly found in normal, apparently healthy
animals (Doyle, 1981, Sticht-Groh, 1981), and is often
present in raw foods of enimal origin (Simmons and 1iiu,
Gidbe, 1979, Grant et al., 1980, Park et al., 1981).
Several types of food including pork, poultry, ground
beef and most commonly raw milk have been implicated

as vehicles of outbreaks of Campylobacter enteritis
(Doyle and Koman, 1982),

Reports from different countries associate outbreaks
of Campylobacter enteritis with the distribution and
consumption of improperly pasteurized cow's milk (Blaser
et al,, 1979, Maylor, £t al., 1979, Hobinson et al., 1979,
Svedhem and ¥aijscr, 1960). In Biitein, virtually all
mjor outbreaks of Campylobecter enteritis have been
associated with the distribution of improperly pasteurized
cow's milk (Robinson and Jones, 1961),

Although there is no direct association yet of outbreaks
of Campylobtacter infection in man with the consumption of
bovine milk, nevertheless, the strong correlation between

the occurrence of symptoms and consumption of unpasteurized



milk aad the isola..on of biotypiezlly indistin—
guishable organismr in the freces of the wilking herd
suggests that milk “ 8 indceed the velirele,

The exact mod: of ccateminaticn of milk by these
organiems hes not “cen fully wnde=atocd, but it is
believed that the .ilk ie probally cortauinated with
bovine faeces (Mo .inson, et al,. 1989). This muy be 2
possible route siacu the bovine intestinel trect is a
known reserviouw of C, fetus subspecies Jejuni
(Smibert, 1978).

In addition, Lander :nd Gill (1980) have shown
that C. fetus .ubppecies jojuni mey eatablish infection
and maltiply within the bovine udder snbsegqueatly resultirg
in the preduciion of Campylobacter contaminated mastitic
milk., Hence, the bovine wdder may = ro serve as a pource
of E. m subspeciesg _j_t_.'j_uix_i_ in milk.

These rvports thus impiic.we C. fetus subspecies

'je:jmi as the cruse of enteritis following contamination

of milk from animal source, It i 2lso wall cstablished
that raw milk and milk products poge the greatest human
heal th problems in various countries as a vehicle of
tramsmissiun eof a large nwber of foud-borne infections,
even in ¢omtries where milk is sold only in pasteurized
form (W.'.0. 1979).
Mo thermore, it has been documented that the organisme

survive in milk for varying lengihe of time depending on
the provailing temperature and pH, At i .lolicration

temperatures and 2t the normal milk »H, the crganisms
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survive for as long 23 two weuvks whereas they
survive for only 3 deys at 25°C (Blaser et 21., 1980).

The presence and possible persistence of Campylobecter

fetus subspecies jejuni in milk indicates that under
appropriate conditions large numbers cf the orgrnism may
survive in raw milk, These further suggest that milk
could serve as = vehicle of transmission of C, fetus
subspecies Jejuni infections.

Since C, fetus subspecies jejuni has been implicated
as agents of foodborne diseases, itts public health
significnnbe camnot be overemphasized. If it is accepted
that the orgonism is a primery cause of enteritis in man,
and milk has been identified as a vehicle of many fouodborne
infectione, then milk mry be an important source of yet
another human disease -~ Gampylobacteriosis, This
underlines the petential danger inherent in the consumition
of wpasteurized milk,

Tv date in Nigeria, virtunlly nc work has been done
in this area yet, moresc, in the Northem bLtetes where
unpasteurized milk contained in varicus milk diets such
ags skim milk (nono) Butter milk (nono mesami) Yoghurt
(Kindirmu) Butter (Maishanu) and Cheese (Chukui) is
widely consumed,

The mechsnism of pathogenicity of C. fetus subsp,
jejuni is still not well wnderstood. Several hypothesis
have been proposed lased on clinical observations
including suggestions that the crganism ean produce
enterctoxing andthat it 1a invasive (Butzler and

Skirrow, 1979). Those studies that have been reparted
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are preliminary, although 2 number of jotential
animl models have receitly been described (Field
et al,, 1981, Prescott et al., 1981 and Ruiz Palacois

et al., 1961).
The fceregoing problems have therefore led to
a study with the following specific objectives:

(1) Isolatim of Campylolecter fetus subsp, jejuni

from eattle rectol swebs and raw milk obtained
from abattoir, govemrmment and loeal herds and
from milk products purchased from mairkets

in and around Zaria,

(ii) Determinction of the presence of virulence
markers in any isolates of C, fetus subsp,
Jojuni by employing animels,

(111) Determination of the susceptibility of the
isolates tc some courmonly used antimicrobiel
agents,

(iv) Ietermmination of the effects of pH and
temperature on the survivoel of C, fetus
subsp. jejmdi in sterile milk,

It is hoped that the pursuit of these objectives
would help in understanding the ineidence of the
organism in cattle, pussible mode of contamination of milk
and milk products, the ability of these orgonism to
survive in such products anc highlight the pethogenic

potentisls of the isclates,
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CHAPTEK TWO
LITE RATURE REVIEW

HISTORICAL BACKGROUND

The disease potential of miercsaeruvphilie

vibrios (Campylobecter fetus subspecievs) wes first

recugnized In Great Britain by MeFadyean and

Stoskman: who in 1913 reported that such crganisms were
agsociated with abortion in cattle and sheep., Their
findings were corrcbormted by Spit! and Teylor (1919)
who isclated 2 spirdllum from aborted bovine fetal

flui¢d and named this crgenism Vitrio fetus. It soon

became clear that the organism wes responsible for
eplzootic atortion in shecp and cattle,

Jones et al., (1931) isolated a vibtrio frum
cattle with intestinal disorders {winter scours), To
definitively prove that such orgenism caused dysentery
in cattle the authors reproduced the disease in healthy
eattle after feeding them a pure culture of vibrio that
had been isolated from diseased animals, These
investigators judged thet the jejunum was the first
pite in the intestinal tract tc¢ be infectedg hence,
they proposed thet these vibrios be designated

Doyle (1944) iscleted = microaercphilis Vibrio in
apperently pure culture from the muccsa of the colon of
hogs with dysentery, After feeding this culture to 8 pigs,
6 developed diarrhen, Doyle therefore proposed that
widne dysentery wes caused by miercaerophilie vibrios

which he subsequuntly named Vibrieo coli.
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The first putative cases cof human infection due to

microacrophilic vitrios were repcrted by Levy (19L6).

The infection occurred in twe TIllinics pennl

institutions where 357 of 6019 i ates were inflicted with
acute gastreenteritis, "Vibrio~like' orgenisms were
obgsexrved in 31 of 73 stoul specimems that were examined,
however, the orgrnisms were not fully chameterized before
bédng lost during subculture.

The first case of humen infection that was definitively
attributed to 2 micrcaerophilic Vitrio was reported by
Vinzent et al. (1947). Thesc investigntors isclated
V. fetus from twe blood cultures of a pregnant woman who
was 111 with influenza-like symptums that incluled fever
and headache, After five-week of illness, she prematurely
delivered a stillberm infant, and & placenta that was
infected with V, fetus,

Approximately ten jeers later Hofstad (1956) assceiated
Vibrius with hepatitis in poultry when he reported the
igvlation of a Vibric from the liver of ciseased adult
chickens, Peckham (1958) substentiated the fact that
aimicroaerophilic Vibric wes the causative sgent of this
digsease by reproducing hepatitis in healthy chickens
after challenging them with a Vibrio that was criginally
isclated from the livers of diseased Lirds, He then
proposed that this disease be designated avian
vitricnic hepetitis,

In 1957, King reported the result of 2 study that

was designed to compare the characteristics of
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picrcaerophilic vibriovs that were obtained from different
sources., She cbserved thet twe distinet groups of vibrics
were present smong soveral isclotes that were cbtained from
bWood cultures from winfected humans, The characteristics
of one group correspended with the then existing
descripticn of V, fetus, The charccteristics of the
second group were very similar tc those of V. fetus except
that their optimum temperature for growth was much

higher than thet of other isclates. Hence King Jesignated
this group of crganisms as "related vitrios”, Interest-
ingly, she noted that all of th. crgenisms in the group

of "related™vikrties were isclateld from bloovi cultures

of jatients with gestrocnteritis and astutely speculated
that these orgenisms were ~ more common ceuse of gastro-
enteritis than was recognized at thot time (King, 19573
King, 1962), Very little could be cune to confirm or
disprove King's hypoth. sis since there wea no method
availoble to isclate “reloted™ vibrics from s%051 specimens
of petients with gestroenteritis, However, the first
mojor bresk through nceded to confirm King's theory cane
in 1972 when Dekeveer andl others developed a procedure

to selectively isclate ricrocerophilic vibrios from stool
specinens, Shortly after this technique was developed,
Butzler et al (1973) used it to screwn the stocls of

a lerge runber of patients with diarrhea teo assees the
occurrence of Campylcbecters in this specific population
of peticnte. Of 800 children and 100 adultes with diarrhea,

C. fetus eubspecies jejuni wes iscleted from the stools
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of 5.2% end L.0% of vach population, respectivelys

The org'nism was jgolated frum only 1.3% of 1000
indivicuale who 4id nob have disrrhes 2nd gerveld as
control group. NC other reports concerning the
entercpathogenic potentinsl of C. fctus subspecies
Jejuni appeared in 1iterature until 1977 when Skirrow
(1977) reported the results of » study he hed conducted
using a more direct method to igolate C. fetus. Using
this technique Skirrow asseyed fageal specimens from
803 potients with dinrrhes and 194 patients without,
¢. fetus subspucies jejuni was isclated from 57(7-1%)
of the patients with dirrrhea and none was isolated
from those patients who did not heve diarrhea.

Not only did Skirrow's study lend crudence to the
carlier otservations mnde by Putzler et al. (1973) and
support the hypothesis of Ling (1957 and 1962), it
appeared to gunerate & substantial amount of interest
to determine the disease potential of Campylodacters

in humans.

CLASSIFICATICN AND TAXONOMY
Campylobacter was oripinally sssigned to the
genus Vibric by Swith and Taylor (1919) following
their first description Ly Mckadyean and Stockman
in 1913, The type gpecics w8 named Vo fetus because
they were associated with bovine and ovine abortions.
They used the morphology of the orgwnism as their

primary criteria for classificatic.
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In 1959 and 1960 Florent studied V. fetus and
divided the species into two subsepcies, V. fetus

venevrealis ant V, fetus intestinalis, }L. fetus

vencereelis was the cruse of vibrionie abortion in
cattle, it was vencrerlly trensmitted, was hydrogen
sulphide negative (using lecd acetate strip) and did not
grow in 1% glycine or in 3.5 sodium chloride, V, fetus

intestinalis caused sporaldic aburtion in cattle (not

considrred vereally tranemitted), was cither H,8
negative or weakly positive and did not prow in 3.5% NaCl
but did grow in 1% glyeine,

Bryner et al. (1962) aiviced V. fetus into three
biotypes.s Type 1 wes H,5 positive ond grew in 196
bile but not in 19 glyeine cor 3,5% NoCl containing medium,
Subtype I was weakly HyS pesitive and grew in 1% tile
but not in 1% glycine or 3.5% NoCl, Type 2 was H,S
positive an! grew in 1% bile and 1% glycine but not in
35k NeCl,

This classificetion (of Campylobecter in the genus

Vitedo) stood wntil Sebeld and Veron {1963) studied
various Vitrios an! other gram-negetive rods, They found
that the mol % gugnine anl cytosine INA cuntent for

V. fetus avernged 34.3%6 (33.35)%) while that for clessical
cholern and halophilic sjecies of Vibrio. averaged L7.2%
(Lhw50%). It then became evident that V. fctus had a
significantly different A basc pair retio from that

of the classiocrl species of Vibrio (Doyle, 1981).

Furthermore, V. fetus had phenotypic differences from



other species of Vibtrio which inclwu.e the inability

to ferment or oxidize carbohydrate and o requirement

for micrvaerophilic sonditions for growth., Mest species
of Vitrio ean ferment carbohydrates and are facultative
anaerobes (Smibert, 197L). Hence, Setald and Veron (1963)
coneluded that V, futus should be removec from the genus

Vibrio anl be reclassified as Cempylolacter a nome

comjounded from the Greek Campylo (“curved") and
bacter ("rod”).

The genus Campylcbacter is divided intce two groups

according to the ability of the crgonisms to yproduce
catalese, Catalase-negative crmpylobacters (_C_. gputorum,
C. bubulus) ore nct known te be pathogenice for man. The
catalase-~positive group cunsists of C. fetus and a
closely related set of organisms first recognized by
King (1957) and referrcd to as "Helated Campylobacter".
Veron and Chatelain (1973) reclessifiel C, fetus,

C, fetus subsp, fetus was the sowe no the V, fetus

intestinalis of Florent (1960); likewise, C. fetus

venerealis wes the some as Florent's V., fetus subsp,

venereslis, C. fetus subsp, vencrealis biotype

intermedius is similar to subtype I of Brymer et al. (1962).
Ce coli is siniler to V. coli deseribed by Doyle (19L44)
and @, jefuni iis similor to V. jejuni of Joncs et al, (1931),

Smibert (1974) classified the genus Compylobacter

as fcllows: C, fetus subspecies fetus which is the same
as V. fetus subsp. venerealis of Florent. C. fetus subsp.

intestinolis, the same as Florent's V, fetus subsp.




intestinalis; C, fetus subsp. jejuni represents the C, coli

and C. jJojimi e Veron and Chatelain (1973) and the "related
Vibrios" of King (1957).

The different nemenclatures of classification caused
confusien and until the publication of approved lists of
bacterial names in 1980, there were two main classification
of Campylobacter: the French (Veron and Chatelain, 1973) and
the American (Smibert, 197L4). Almost all strains associated
with acute enteritis telong to the group with thermophilic
characteristics first described by King (1957) and referred
to by her as "relate! vibrins" (Skirrow and Benjamin, 1980),
In the American classification all these strains were

included in a single subspecies (Campylobacter fetus

subsp, Jejuni) whereas in the French and currently accepted
classification, they are divided into two species: (. Jjejuni
and C. coli (Skirrow and Benjamin, 1980). These are names

derived from the Vibrio jejuni of Jenes et al, (1931) isdlated

from calvea and the V. coll of Doyle (1948) isclated from piga.

THE OHGANISM

The genus Campylobacter consista of small micro~

aerophilic oxidase-positive, gram negative non-sporing
bacteria with a characteristic curved ©S-shaped or
spiral morphelogy (Veron and Chatelain, 1973, Smibert,
1974). They are generally from 0,2-0.lum wide to

1.5-3.5um long (Doyle, 1981), Bingle cells have
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one curve or twist and appear vibriocd., They may
algo appear ribboneshapcd, being comprised of a chain
or single curved cells {Smibert, 1978). Occasionally
.spiral marphology is not obvious and in some cases
spindle shaped bacilli predominate (Butzler and
Skirvow, 1978).

Morphological Aifferences between groﬁps of

Campylobacter were first observed by Florent {(1959)

and later confirmed by King (1962) who noted that
the undulations in "related Vibrios" tended to he

closer together than those in "Vibrie fetus'". These

observations have been extended by Karmali et al,
(1981} who measured the wavelength and amplitude of
representative strains and confirmed that C. jejuni,
C. fetus subsp. fetus and C. fetus subsp. venerealis
may be distinguished from each othey on morphologieal
grounds by direct microscopy. C. fetus also differs
from "ltelated Campylobacters’” beceause it tends to
have blunt rather than tapering poles, Furthermore,
many cells are monotrichate rather than amphitricate
when stained with a flagella stain or viewed with an
electron microecope {Butzler and Skirrow, 1979).

Cells of old cultures Wecome gegcoid which appear
to be 2 degenerative form as cultures composed mainly
of coccoid forms are nog~viable (Smibert, 1978). It
has been reported that oultures of C, fetus subsp.
jejuni undergo coeceal transformetion much more

repidly then. cultures of C., fetus isubsp. fetus or
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C, fetus subsp. venerealis in normael atmospheric
air (Kamali et al., 1981),
The orgenisms are actively motile, with a characteristic
cork screw=like motion whereby cells quickly move across
a mhcroscopic field twirling or rotating in a
spiral-like motion, Motility and rotetion of the cells -
are so rapid that the curvation of the cells moy be
overlooked, They possess a long single polar flagellum
two to three times the length of the cells, bome
cells may have a polar flagellum at each end of the

bacterium (Smibert, 1974, Smibert, 1978),

Cultural Characteristics

Non-haemolytic colonies about 1 to 1.5mm in
diameter usually appear on agar 24 =72 hours after
incutation at 3700. C. fetus coloniecs undergo smooth
and rough variations (Eryner et al., 1962). Bryner
et al. (1962) described several celony types. Most
streins were smooth on primary isolation from animals.
Colonial variation proceeds from smooth colonies to
smooth cut glass and to rough colonieve. Smooth
calonies, the most frequently found, are small round
slightly raised, smooth colourless, and slightly trans-
luscent, Cut glase colonies are 1mm in dizameter, round
raised, tronsluscent and granular with reflecting facets,
Rough colonies are rare and similar to smooth colonies
with the exception of being granular and more opaque

(Smibert, 1978).



"Helated Campylobacters™ colonies are typically
flat, glessy and effuse with 2 tundency to sprend along
the direction of streak leading to confluent growth
(Butzler and Skirrow, 1979). When well speced out, they
resemble droplets of fluid that have been splattered on
the agar. Smibert (196%) described two types of colonies
on priwary isolation, Cne is low flat, grey finely grehular
and trangluscent with an irregular edge. 1t spreads along
the direction of strunk and tends to coalgsce, The other
is round 1=2mm in diameter, raised convex entire smooth
and giistentng.” It has a transluscent edge with & darker
dirty brownish alightly opaque centre, With continued
incubation, growth thickens and most strains develop a
metallic sheen not unlike'that scen on cultures of

Pseudomonas aerugionsa (Skirrow and benjamin, 1980),

}_’Q’_aiol_gﬂr and Nutrition

Orgenisms of the Campylobecter fetus group are

rather limited in their metabolic ecapabilities, None

of thesc organisms is able to ferment or oxi "ige carbohy-
drates, Fatty acids are not produced as end products of
fermentation although small amounts of ethanol and
n-propanol may be produced in ecultures (King, 1957;
Smibert, 1978), FKiggens and Plastridge (1958) reported
that no oxygen uptake occurred with glucose, adonitol,
arabinose, mannose, reffinosc, rahmnose, salicin,
sorbitol, sucrose, trehalose, xylose and glycerol,

Glycolytic intermediates were not utilized either but
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there was oxygen uptake of cells or cell cxtracts with
pyruvate and lactat -,

Physiological .tudies have shown that Tricarboxylic
acid (T.C,A) cycle intermediates nnd amino acids serve
as primary encrgy svarces for these orgonisms, The T.C.A.
enzymes have beun demonstrated and ean intact TCA im
operative (Hoffmer, 1978). C. fetus ves found to oxidize
citrate, cis=ecoritase, isocitrate,gfkctoglutaric acid,
succinate, fumarnte, malate and oxaloocetnte., Of 23
amino acids tested, oxygen uptake occurrcd with glutamie
acid, gluteminc, aspartic acid, asparaginu, proline and
cysteine. Of e¢luven short 2nd long chain fatty acids
tested, only acetate was ovidized (Smibert, 1978).

Strains of C, fetus vary considerably in their
minimal nutritional requiremcnts., The vitamin niaecin is
required by ally othur vitamins are merely stimulatory
(Meblman and Romero, 1Jt2). Swmibert (1978) recognised
five groups of C. fetus bascd on their nutritional
requirements, One subgroup grows with four amino acids
glutamine and aspartic acid, proline snd leucine, A
second group.required methioninc, in addition to thosc
listed, A third group also requiree alamine and arginine
and the fourth and fifth groups require 17 and 18 amino
acids respectively, Casamino broth which contains
casamino acid, two amino acids three vitamins and three
inorganic salts have been reported to be satisfactory

for growth of Campyl obecter when used individually or

in conjunction with protose peptone No, 3

(Meblman and Romerso, 1962),
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Purines and Pyrimidines are not requircd for growth
but Tritz and Ogp (1967) reported that the addition of DNA
and THA to a chemically defined media resulted to a

grorter lag time of the culture,

Biochemical Characteristics

Campylobacter fotus does not utilize carbohydrates

as a gource of chergy and iz thus relativiely inert upon
routine biochemical testing (Kiggene and Plastridge, 1958).
This gram-negative orgenism which is identified by it's
typical vibriod morphology and darting motllity is

strongly oxidase and catalase positive. They are

capable of reducing nitrates to nitrites, Glutamic

acid, glutamine aspartic acid and asparagine are deaminated
and ammonia is produced in culture, They grow in seml-
g80lid medium containing 1% bile but not in medium
containing 3.5% soidum chloride. They also grow in gemi-
solid medium containing 0,129 - 0,2 agar when incubeted
wnder aerobic conditions. Growth in sepi-solid medium
ocours only within the first few millimeters below the
surface of the medium, They do not possess lipase
activity and cannot hydrolyse gelatin, urea, casein,
ribonucleic acid, INA and esculin, Genepally, they do

not preduce an alkaline phosphatase and aryl sulphatase.
Smibert (1978) however noted that some sprains of

L. fetus subsp. Jejuni hydrolyse casein, ribonucleic acid
and INA and also produce alkaline phosphatawme and aryl

sulphatase.



E. z_e_t_vis_i_ orgrnisms are indole negntive and Ao not
produce hydrogen sulphide in Triple Sugar Iron (T.5.I)
slent; there is only an alk:line recction on this
medium, Hydrogen sulphide is however produced in a
medium containing cysteine with lcnd acetate impregnated
paper strip as method of detection (Smibert, 1978).

Campylobacter fetus subsp., Jejuni has been

differentiated into two biotypes based on their adility
to form hydrogen sulphide in an iron-containing medium
(Skirrow and Benjamin, 1980), C. fetus subsp, jejuni
biotype 2 produced st in fyon containing medium while
the bplotype 1 does not,

Currently, there are only two tests which are

generally used to differentiate between C. fetus

subsp. jeguni and subsp. intestinalis: ability to grow
at 1,2°C or at 25°C and susceptibility to malidixic acid
(Smibert, 1978), C. fetus subsp. Jejuni is charecterized
by growth at 4,2°C only and sensitivity to high concentra-
tions of nolidixic acid while most streins of C, fetus

subspl intestinalis will not grow at L2°C and show no zone

of inhibition surrounding the disks (Smibert, 1978).
Organisms which show hippuricasc acrivity are able

to hydrolyse hippurate to benzoic acid and glycine,

Hwang and kderer (1975) described a 24 hour xapid method

for the detection of the end products glycine by use of

the indieator ninhydrin. Recently, Harvery (1980) studied

the use of this repid hippurate hydrclysis test for
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distinguishing between the Compylobacter species and subspecies,

In her test, none of the 16 stranins of C, fetus subsp, inteatinalis,
. e —

5 strains of C. fetus subsp, fetus, 5 streins of C. feeslis or
one strein of C. sputorum hydrolysed hippurmte, In contrast,
18 of 20 streins (90%) of C. fetus subsp, jejuni hydrolysed
hippurate, C. Jjejuni ond C, coli heve been divided

inte four biotypes according to nelidixic ncid sensitivity,
hipyurate hydrclysis and hydrogen sulphidc preduction in an
iron containing medium (Skirrow end Benjamin, 1980),

Thermophilic Campylcbacter which are sensitive to nalidixic

acid but fail tc hydrolyse hippurrte are classified as
C. coli, Lvidence from INA homology studies to this point
indicates that at least two different thermophilic

Campylobecter speciea exist and that the hippurate hydro-

lysis test mhy be used to distinguish between these two
species.

Analysis of fatty acid content by gas-liquid chromato-
graphy may be used to differentirte between subspecies

of Campylobacter, A recunt report on the cellular fatty

acid composition of C. jejuni end C, fetus.sbuwadithat
strains of C, fetus subsp, jejuni contain a C19 cyclopropane
acid which is not present in strains of other subspecies
of C. fetus (Bleser et al., 1980), The C19 cycloprupane
acid was identified as lactobacillic acid (eis-11, 12
methyleneoctadecanoic acid).

That eensitivity to 1mg of triphenyltetrazolium
chloride (TTC) per millilitre mey be another differentiating
character was first suggested by Veron and Chatelain (1973).

They found that none of the 16 strains of C., fetus~subap,
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intestinalis grew on Bloud Agar plates containing 1ml

of TTC/ml, in contrast to 9 strnins cof C, coli and 1
strain of C. jejuni which grew on this medium, Dutzler
and Skirrow (1979) later recommended decreasing the
concentration of TTC from Tmg/ml to LOCug/ml for this test
(measurcd by the strip diffusion method)., The usefulness
of this test for differentiating stroins within the
C. coli and C. jejuni group wos confirmed by Skirrow
and Benjamin (1960),

The ability of straines to grow in the vresence of 1%
glycinc may be used to differentiate members of the genus

Campylobacter, C. fetus subsp, Jeluni ond L. fetus

subsp. fetus hrve been reported to be tolerantto 1%
glycine while C. fetus subsp, vencreslis is unable to
grow in the presence of 1% glycine (Veron snd Chatelain,
1973). Chang end Ogg (1970) have however transduced
glycine tolerance from C, fetus subsp. fetus to strains
of C. fetus subsp, vencrealis and suggest therefore that
glycine tolerance may not be o reliable differential

test.

Oxygen Hequirement

Compylobacter fetus requires oxygen for prowth, yet

it is inhibited by oxygen at normal atmuspheric partial
prescsure, Growth occurs at oxygen concentrations below
21% and even candle Jar conditions may provide too much
oxygen for some strains, This orgonism requires micro-

aerophilic conditions for growth and optimum oxygen
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concentration was determined to be 6% oxygen and
optimum corbon ddoxide concentration was 100 (Kiggens
and Plastridge, 1956).

Luetchefeld et al, (19£2) reported thet an
atmosphere of F oxygen end B4 corbon dioxide was
superior to an atmosphere ginernted in a candle jer
(17% 0, and 002), They found that there iz statis-
tical.y significant intcraction or synergism occurring
between incubation temperature and atmospheres, That is,
the effect of the incubntion tempermture on the growth

of Campylobecter was influenced by the particuler

atmosphire used and vice versa, Thus if only onc of the
two factors is suboptimol (i.e., use of 3?00 with 5%
oxygen or use of candle jar with h2°C), the incubation
system is only slightly leus effective then when optimal
conditions are used (L2°C with 5% oxygen). But if both
factors are suboptim:l (i.e, use of 3?0(.‘ with a candle
jar), then their interaction produces markedly inferior
incubation conditions which yield strikingly lower

Campylobccter isoletion mtes,

The aerotolerance of C, fetus could be increased by
the addition of ferrous sulphate, sodium bisulphite,
sodium pyruvate and haemctin to the medium (bowdre et al.,

1974). The nerotolerance of o strain of Campylobacter

was reported to be greatly increased by dihydroxyphenyl
ferric iron binding compounds such 2s norephineprine or
high concentration of gpon salts (Ferric or ferrous)

added to Brucelle ager medium (Bowdre et al., 1976).



weorge et al, (1978) sub.equently tested 18 laboratory

strains of Campylobacter fetus subspecies Jjejuni

grown on brucells agnr without blood or on FBI ngex
(Brucella agar with ndded ferrous sulphote, sodium
metebisulphite and sodium pyruvate). They found that all
18 strains grew on both medio when the strains were
incubeted in on a tmosphere of & oxygen =t 17 oxygen

21l 18 strains grew on FBP but only 13 strains (72%) grew
on Dbrufellas agenr.

When uninoculated Erucella broth medium is exposed
to light and air, high energy redicnls such as superoxide
and peroxides are produced 2s a result of photochemical
reduction of the medium. These high energy r-dieczls in

the medium inhibits growth of C, fetus, Iu addition, the

organism is highly sensitive $o hydrogen peroxide (8202).
As little as 0.0012L% Hy0, in the culture broth inhibits
growth, Iron and bisulphite together fct non-enzymaticelly
to destroy supercxide radicslsj whereas pyruvate can des-

troy H20 Henee, addition of FEP to the medium reduces

2'
the H202 toxicity by a factor of 10, With F,E,F in the medium

0.012l H,0, is required to inhibit C. fetus (Smivert, 1978).

ISOLATION OF THL OEGANISM

The isolation of Campylobacters require speciel
selective technique because of their micromerophilic
nature and the many contaminnting microorganisms found in
specimens containing thems The first successful technique
was differential filteration of faecal suspension

(Dekeyser et z1l., 1972). The technique depends on the
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ability of Campylobac! -xs tc pi~s *hrough 2 0,65um

filters and it's particuler advantage iz that it can

be used with non-inhib tory medium since very few

bacteria ean pass thrcugh such a filter. This method
however provead too touious ond time eonsuming for the
examination of large aumbers of specimens, < Bubwequently,
isolation by direct culture of faeces was achleved on a
selective medin incubated at h2°C - h3°c in a mierocaerobic
atmosphere (Skirrowv, 1377).

Skirrow's med.um (Skirrow, 1977), bButzler's medium
(Butzler and Skir ow, 1979) and Blaser's medium (Elaser
et al,, 1978) are the selective media most widely used
for the isolation of Chmpylolacters from human foeces
in the Twited Kingdom, Europe and the U.S.A., respectively.
A modification of Blaser's medium called Compy-BAP (BBL)
is also available and widely used in the US4,

Selective media currently used to isolate C, fetus
subsp. Jejuni consists of n basal medium, blood and an
antibiotic mixture. Various workers have used different
basal media in their formulations. OSkirrow's medium
contains Blood hger Ease No. 2 (Oxoid), Butzler's medium,
thioglycolinte agar; Elaser's medium, EBrucella Medium
Bese (Oxoid), lender and Gills seleotive and enrichment
medium contsins Veal infusion Broth (Difco) and Preston's
medium. “o*rient Broth No. (Oxoid) sclidified with New
Zealand Agnr,.

The selective media vary martedlv in hland ~om Lonte.

Skirrow'= medium contrins 5-T% lysed horse ilood. 1t is
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essential to use lysed horse blcood in Skirrow's medium
in order to ensure neutralization of trimethoprim
antagonists, otherwise Proteus spp. will grow (Butzler
and Skirrow, 1979). Butzler's medium contains 15%
defribinated whole sheep blood, bBlaser's medium 10%
defribinated whole sheep tlood; Lander and Gilled medium
6 lysed horse blood and Preston's medium 5% lysed
horse blood, The role of blood in Campylobacter

media is uncertain but it does contein enzymes such as
catalase, peroxodase and superoxide dismutase which
decompose toxic oxygen derivatives (Pridovieh, 197L).
Studies by Bolton and Coates (1983) confi:m that

blood is an excellent supplement for Campx}obacter

medium, Lysed blood eand whole blood were found

equally beneficial and 19 wag ~2lmost as effective as 5%,
Media currently in usg contain blood at coneentratijon of
5=-15% which appears wnnecessarily high,

Different antibiotiecs have been used by various
workers to ensure selectivity of the different pudla,
These antibioties are avnilable commereially as freeze~
dried antibiotic selective supplements, Skirrew's medium
contains selective supplement SH 69 (Oxoid) which consists
of Vancomyein (10mg/l), Polymyxin (2500iu/1l) and Trime-
thoprim (Smg/l1). This antibiotic supplement is designed
to be used at h3°C for optimum seleetive effeet, Mutzler
medium contains selective supplement SK 85 (Oxoid) whieh
contains Bacitracin (2500 wnits/1), Cycloheximide (50mg/1)

Colistin sulphate {10,00 units/l), Cephamoclin sodium
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\15mg/1l) and Novobiocin  5mg/l). This supplement differs
from SH 69 by 1t's selective metion at 3T°C. It therefore
overcomes the need to use incubstors at 43°C and it

selectively isolates _hose strains of Campvlobacter

species that fafl to grow at L;3°C gach =8 C, fetus

intestinclis, The Ilaser-Weng medium contains selective

supplement SR 98 which is tesed on the formulation

of Skirrow, but with the addition of Amphotericin B
(2mg/l) ana Cephalothin (15mg/l). The antibiotic
supplement reduces the normazl enteric flore without loss
of C. fetus., The inclusion of Amphotericin B inhibits the

growth of Candida albicans and Cephalothin improves the

selectivity of the supplement,

Isolation of C. fetus from blood or body fluids
presents no great problem once adeguate mieroaerocphilic
conditions are established, However, contapinating

microorganisms are & problem when isolating Campylobacter

species fY¥om faeces, intestines, prepuce, semen, vagina,
oral cavity and foods (Smibert, 1978)., 1Isolation of this
organism from such specimens is best achieved on selective
agar., Direet plating of specimens anto antibiotie
containing blood agnr plates is limited by the fact
that only a small amount of sample can be surface
plated and solid specimens must be suspended in liquid
and homogenized thereby diluting the Campylobacters
which may be present (Doyle and Roman, 1982).

Nost of the currently accepted methods of isclation

were developed to recover C, fetus subsp. jejuni from
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atool specimens where the organism is present in relatively
large numbers (Butzler et al,, 1973; Butzler and Skirrow,
1979). TFoods that contain small numbers of the organism
may require enrichment in an enrichment broth prior to
subculturing on selective agoar, Several types of
enrichments have been developed for recovering
Campylobacters from foods and Tneces, however those that
have been proposed have limitations in that they involwve
an excessive amount of time and manipulations or are not
effective in recovering small numbers of Compylobacters
(Elaser et al., 1979; Park et al., 1981). Most recently
Doyle and Roman (1982) introduced a selective, rapid,
direct and more effective enrichment procedure for the
recovery of _C, jejuni and L. coli from foqu. The

methods involved incubation of food in an énrichment broth
compound of Brucella kroth with horse blood, sodium
succinate, cysteine hydrochloride and four antibietics

for 16 to 18 hours with agitation under microzerobic
condition at h2OC and with subseguent plating on Campy-
BAP agar. Effectiveness of recovery as good as 0,1 cells

of Campylobacter species/gram of food was reported,

and isolates were recovered from hamburger and yaw milk.
With all media, plates for the isolation of

Campylobacter must be incubated under micromerophilic

conditions, Different methods have been devised to
provide this microaerophilic cendition, The most common
procedure include candle jar, evacuation of iwo=-thirds

of the air from an anaercobic jar ~nd replacement with
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10% carbon disxide/85% nitrogen or hydrogen m: xture, gas
mixture replacement and the application of the Fortner
principle (Karmali and Fleming, 1979). 4n iron
containing supplement (Oxoid SR 8) which increased
aerotolerance of Campylobacters and which mey meke it
possible to obtain successful isolation in a candle jar
(17 oxygen) has been described (George et al., 1978).
Recently commercial gns generating envelope system
(BEL Mierobiology System and Oxoid) have been developed
to produce reduced oxygen atmouphere, Chan and
McKenzie (19682) have suggested the inclusion of a blood

agar plate streaked with Pseudomonas aeruginosa,

Clostridium perfringens and a laboratory strain of

Campylobacter fetus subsp. jejuni as & control system for

the atmosphere, This simple and inexpensive procedure
will indicate that the proper atmosphere to culture

C. fetus subsp, Jjejuni has been achleved in the jar as all
three of these organisms grew well in the microaerophilic
atmosphere at 12°C.

RESERVIORS, COURCES AND TREAUSMISSION OF Campylobaeter fetus
subsp, Jejuni INFECTION

Despite considerable documentation of human infections
with C, fetw subsp, jejuni the epidemiolgy is still not
well understood, An animal source has been suspected for
hynan infections, This susvicion stems from the fact
that this organism has a wide spread reservior in a
variety of domestic and wild animale, both as pathogen

and as normal microbial flora (Smibert, 1978 Butzler and
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Skirrow, 19793 Prescott and Munroe, 1982), Man is a
relatively wnimportant secondary reservior either for
direct or indirect transmission., No long term carrier has
been described as Campylobacter disapiear from the stool
within a few weeke of illness, and transmission from
person to person is uncommon unless the index mtbent 'is
a young ckild (Skirrow, 1983)., Secondary cases in
common=-source outbresks are usually notable for their
absence,

A wide variety of animals both wild and domestic
can habour C. fetus subsp. jejuni from kangaroos to
camels among mammals to Blue—-crowned motmots among birds
(Leutchefald et al,, 1981). Wild birds constitute an
extensive reservior of C, fetus subsp, jejuni (Butzler
and Skirrow, 19793 Kapperud ana Roself, 1963). The
organism has been isolated from black birds, startlings,
sparrows and pigeons (Smibdert, 1963).

The animals of special importance as sources of
human infection are probably poultry, cattle, sheep,
pigs, and dogs. Infections ecan be acquired through
direct contact with infected animals but this acccunts for
enly a small minority of infections, Contact ®8Y be
occupational as in farmers, veterinarians, and those
engaged in meat pr cessing (Jones and Kobinson, 1981);
or domestic in which case the animal concerned is
almost zlways 2 newly acquired family .puppy or occa=-
sionally = kitten which is itself suffering from

Campylobacter enteritis (Skirrow, 1981)j. An association
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between infected d-gs and humen infection has been
documented., There is now clear evidence that dogs suffer
from Campylobacter enteritis and that they may pass an
the infection to close human contacts (Butzler and
Skirrow, 1979). Howeﬁer, most day-to-day infections are
in patients without zny direct coniaect with animals, =o
indiract pathways of infection presumably operate in
these cases {Skirrow, 1982), Although information is
lacking, epidemiclogical data have provided strong
evidence that éninmls and foeds of animal origin are
the main reserviors of humen infections (Skirrow, 1982),

Haw bovine milk hes uwnguestionably been incrimin-
ated ag a vehicle of infection {Kobinson, ei 2l., 19793
Taylor, ¢t al., 19793 Robinson and Jones, 1981,

Skirrow, 1982), In Britain, virtwally all mejor
outbreaks of campylobacter enteritis have been associated
with the distribution of raw or improperly pasteurized
cow's milk (Hobinson and Jones, 1981).

Bvigcernted corecamses at slaughter are freguently
contaminated {Stern, 19813 Bolton ef al,, 1982),
Contaminated mezt and of fal also serve as vehiclies of
infection. Infection may result if the contaminated
product itselfl is eaten raw or wncooked, or the handler
may become self-infected through handling the raw
product or other foods that are to be eaten raw or
without further cooking may become Cupdse-contaminated
from the raw product (Skirrow, 1982). Red meat are in

general much less frequently contaminated because
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2lthough Campylobacters are regul- ly found on
abattoir earcasses (Bolton et al., 1982), contemination
falls to low levels at the time ment reach retail
outlets (Twrmbull and Rose, 1982), Pige however may be
an important socurce of infection in certain European
countries where salted, smoked and rere-cooked pork
and offal are popular foods, Iligh contamination rates
for such products have been recorded (Stich-Groh, 1982),

Poultry constitutes by far the largest potential
source of Campylobacters to humans but not necessarily
the main source (Skirrow, 1982). Intestinal carriage
of C, fetus subsp, jejuni is common (¥laser, 1982).
Additionally, the organism can be cultured from most
chicken and turkey carcasses sold at retail outlets
in several countries (Simmons and Gibbs, 19793 Crent,
et al., 19803 Svedhen et al,, 1981, Perk et 21l,, 1981).
Outbreaks of human campylobacteriosis associated with
consumption of undercock chicken have been reported
(Blaser, 1982). It has been found thet sizmificantly
more patients with campylobacter enteritis had eaten
poultry particularly broiler chickens within LB hours
of the onset of illness (kist, 1982).

The fact that poultry snd cattle isolates heve
been reported to share characteristics of human isolates
of enteropathogenic C. fetu. subsp, jejuni further
supports the evidence that poultry has 2 role to play

in transmission of humen campylobacteriosis,
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INCIDENCE OF Campylobacter fetus subsp. jejuni IN

ANIMALS AND MAN

Compylobacter fetu, subsp. jejuni is much more

commonly associzted with humsn diseases unlike other sub-
species of the Genus, This mey be attributed to the
fact that it occurs more widely in naturc than! the

other subspccies (Doyle, 1981), Icuides being present
in 1nfe.c1;ed animels, the orgenism is often part of the
normal intestinal flora of pigs, cattle, sheep, goats,
poultry and several species of wild birds (Smibert,

1969; Smibert, 1978). As these animels mature, smaller
numbers of C, fetus subsp, jejuni are generally present
as part of their intestinal flora,

Several studies have been conducted to determine what
portion of different rn’ nal populations hebour the
organism ac part of their intestinal florn, Among
domestic livestock, varying faecal carriage rates have
been reported from poultry, cattle, sheep and pigs
(Butzler and Skirrow, 1979; Prescott and lMunroe, 1982),
Isolation rates for C, fetus subsp. jejui from processed
chicken that range from 1.7-83% and in the faeces of
birds renging from 30-100% have been reported
(Leuchtefecld et al., 1980; Flaser, 1982)., The organism
hzs been reported to cause vibrionie hepatitis in
chickens (Truscott and Stockdole, 1966) and it has been
recovered from the bile of 21% chigk:n with necrotizing
hepatitis and 2% of normal controla. Among wild birds

the organism has been isolated from blackbirds, sterlings
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sparrows and pigdons (Smibert, 1969). A recent study shews
that migratory water-fowl commonly shed the organisms in
their faeces, Thirty-five percent isolatien from faecal
centent of these waterfowls was reported (Leuchtefeld et al.,
1980), fMwenty six percent of pigeons trapped in the Denver
Zoological Garden (USs), premises were found to carry C. fetus
subsp. jejuni, The high body temperature (b2°C) of the
birds have been suggested to encourage carriage of this organism
whose optimum tempervature fer growth is L,2%C (Leuchtefeld et al,,
1960).

Iselation rates of % of 31 cattle (Stern, 1981), 2.5%
of 202 cattle (Prescot and Bruin-Mosch, 1981) and 19% of
90 cattle (Svedhem and Kaijser, 1980) have been reported. In
Fritain, Hebinson (1982) found a marked seasonal variation in
faecal carriage among lactating cows, (. fetus subsp. jejuni
could be isolated from 10% of each herd in the summer declining
to O% in winter and re-emerging in spring.

Pets, such es dogs (Elaser et al., 1978) and cats
(Blaser et al., 1980) have been identified as sources of
C. fetus subsp, jejuni, 4ecent surveys of dogs and cats
from kennel sources indicate th~t significant numbers of cats
and dogs can shed the organism in their faeces (Fernie and
Park, 1977, Blaser et al., 1980, Fox, 1962). Patton et al. (1981)
reported that the positive rate for dogs was twice as high as that
for cats,

Campylobtacter enteritis is as common an infection as
salmonellosis and shigellosis put together. In developed

countries, C, fetus subsp., jejuni is recovered from L=T% of
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patients with diarrhea and from 0-1% of normal individuals
(Bokksnheuser and Mosenthal, 1981). The corresponding figures

for developing areas are 8~31% and 5-17% respectively.

ASSOCTATION OF MILK WITH C. FEDPUS SUBSP. JEJUNI INFECTION

Campylobacter enteritis was rirst suspected as being attributed
to the consumption of milk when Levy (19h46) described an outbreak
of Jiarrheal iliness in a closed population of inmates of an
I11linois (US4) prison, An epidemiological investigation
implicated unpasteurized dbovine milk as the source of infection.
Gram stain of stool and blood cultures of affected patients
demonstrated vibrio forms. However the organisms were not
fully characterized before being lost during subculturing.

Blaser et al.. (1978) reported that three members of a
family in Colorado (USa) had gastroenteritis following the
Ingestion of raw milk from their cow. Stool cultures from
all these three patients snd cow yielded C. fetus subsp. jejuni,
Also Taylor et al,. (1979) reported three cases of campylobacter
enteritis in C2lifornia, USi, associated with consumption of
commercially available scrtified raw milk.

In Burope, thé firet milk=-associated outbreak of Campylobacter
enteritis was recorded in Somerset during the blizzards of 1977-
19768, An outbreak occurred after the consumption of milk that
had been collected and distributed under extremely difficult
canditions (Pether, 197&). Subsequently, Robinson et al. (1979)
described an outbreak of enteritis in the north of Ingland that
was traced to consumption of uwnpasteurized milk, BExamination of

rectal awaba from the catile concernesd and milk socks yielded



=33~

strains of thermophilic Campylobacter that were indistingui-

shable from those strains isolated from the patients., In
addition it has been s own that many people who habitually
drink raw milk have campylobacter antibody in their body
(Jones et al., 1981).

An outbreak of campylobacter enteritis occurred in South
Kincardineshire and North angus, Scotland during extreme
weather conditions which resulted to a failure in the
public electricity supply. As a direet consequence the
pasteurization plant at a large dairy was out of action and
the milk distributed was ynpasteurized illustrating again the
association of an outbresck with some sort of breakdown in the
usual hygienie routine. C, fetus subsp. jejuni was isclated from
steols of 143 patients with sympthms and 57 symptomless subjects
all of whom had consumed the milk., The organism was also
isolated from milk socks but not from any of the bulk milk

samples taken daily for seven days after the outbreak,

Campylobacter fetus subsp. jejuni has been isolated

only once from incriminated milk (McNaughton et al., 1982).
Perhaps the difficulty is due to low concentrations of the
organisms in raw milk. Yven low concentrations of the
organisms in raw milk represent a health hazard (Robinson

et al,, 1981), and are likely to survive in raw milk long
enough to reach consumers (Blaser et al., 1980, Farrell, 1981
Christopher et al., 1982). Attempts by meny workers (Taylor
et al., 1979, Porter and lieid, 1980) to isolate C, fetus
subsp, jejuni from bovine mil¥ have heen ymsuccessful,

However, the organism was isolated from 1 ef. 108 (0.9%) milk



~3)-

samplés ovtained from the bulk tank of hine grade A dairy
farms and from SO of 78 (6l%) cows producing grade A wilk,
Similarly Lovett et al, (1983) reported isolation of 3

C. Jjejuni isolates from bulk milk tanks from 195 separate
farms yielding an incidence rate of 1.5%. These studies
indicate that the incidence of C. fetus subsp. jejumi in
farm bulk milk is at a level of 1 to 2%.

Robinzson (“!981) has recently shown they htmah infective
dose of C. fetus subsp, Jjejuni to be very Jow., He infected
himself and developed symptoms of Campylpbacter enteritis
after ingesting 180ml of milk containing 500 cells of strain
of C. fetus subsp. jejuni. This study indicated that as
few ag 2 to 3 cells/ml of milk can infect an individual
who consumes 2L0ml serving of contimaminated milk.,

The exact mwde of contumination of milk by these organisms
has not been fully understood; but Robinson gt al. (1979)
postulated that the milk was probebly contaminated with bovine
faeces, This may be a possible route since cattle frequently
carry C, fetus subsp. Jejuni in their intestinal floral
(Smibert, 1976). The likelihood of such contamination occourring
is clearly greater where there has been an outbreak of
scouring in the herd asgocinted with o breakdown in dairy
hygiene (Porter and Feid, 1980). Taylor et al. (1979) &
suggests tiat contamination of milk opccurrsd sither by
placentzl transfer, contamination Xyf faecal flora or
transmission from infected udder. Although there is no

reported case of clinical mastitis due to Campylobacter

species, Lander and Gill (1980} suggests that infected bovine
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udder ceuld provide a pure end abundant source of C. fetus
subsp. Jejuni in milk, Yurthermorc, these workers suggested
that the seguence of events following experimental inoculation
indicate that the udder could excrete quite large numbers of
organisms before there were any obvious siyms of disease

in the cow. Even a% the time of greatest excretion of bacteria
the milk itself was not grossly abnormal. They postulated thats
if mil& cases occur, the sudden onset and feirly rapid resolution
of the mastitis could go unnoticeé 2ltogether, particularly

with modern highly mechanized and streamlined routines.

Pathogenicity of Campylobacter retus subspecies jejuni in
e e I

Animals and Man.

Bach subspecics of Camprylobacter fetus has characteristic

reserveirs and is responsible fpr specific types of diseases,

€, fetus subsp, fetup is p.thogenic enly in cattle in which

it causes a world-wide venereal disease characterized by
endometritis, infertility and occasionally abortion (Bokkenheuser
and Mosenthal, 1981), The orgen:sm has never been identified

as being ap agent responsible fow diseases in human (Smibert,

1978). C. fetus subsp. intestinalis is pethogenic to both

animals and humens beings, It causas gastreenteritis and
abortion in sheep and less often in ¢attle. In humens it is
primarily respensible for systemic Campylobacteriosis. The
most commen clinical manifestation ¢f this sywdroms is
bacteremia without localized infection (Kahler and Sheldon

1960, Guerrant et al, 1978); and



~36-

occasionally diarrhea (Bckkenheuser and Mosenthal, 19681).

C. fetus subsp. jejuni has a wide spread host range among
animals and birds in which it may be present a2s a part of the
normal intestinal flora or as a pathogen. Like C, fetus subsp,

intestinalis; C. fetus subsp. jejuni is a human pathogenj however,

C. fetus subsp, jejuni is much more cpomponly associated with

human diseases than C, fetus subsp, intestinalis, Diseases

produced by C. fetus subsp. jejuni include abortion in sheep
(Telfer-Brunton and Heg: ie, 19773 hepatitis in poultry
(Hofstad, 1956), dysentery in cattle (Jemes et al,, 1931 j
urinary tnfections in humans (Davis and Penfold, 1979) and
acute gastroenteritis in humans (Butwder, et’al,,- 1973, Skirrow,
1977), monkeys (Tribe and Frank, 1930); cats (Svedhem and
Norkrans, 1980) and dogs (Blaser et al., 1978 and Hastings,
1978).

C. fetu: subspecies jejuni is primerily responsible for
enteric campyl’;ohacuriosis anc¢ it has been reported that more
than 99% of the cases of Campylobacter entepitis are due to
C. fetus subsp, jejuni (Lauwers et al,, 197L; 3okkenheuser
et al., 1979). The symptoms associated with sampylobacter
enteritis vary widely in gseverity. The clinical outcome of
an infectian is probably determined by the infecting dose,
the virulence cf the crganism and the resistance of the host,
The younger members of & species seem to be mere susceptible to
pathological manifestations (Bokkenheuser and Mosenthal, 1981),
The major clinical manifestations are fever, abdominal pain |
that is often uevere and diarrhea thet is usually hloody

(Seirrow, 1977, Bleser et al., 1979, Putzler and Skirrow, 1979;
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Karmali and Fleming, 1979). Diarrhea usually occurs at the
onset of abdomin~l pain and fever. Typically, the diarrhea

is mild to meoderate but mey be profuse, watery and frequently
in it's severest form, there is an acute gastroenteritis, with
as many as twenty stools per day (Willoughby et al., 1980),
mimicking ulcerative colitis or Crohn's disease (Michalak et al.,
1980). Other symptoms that may be expressed include malaise,
headache, museulioskeletal pain, rigor and delirium (fkirrow,
19773 EBlager et al., 1978; Karmeli and Fleming, 19/9). Although
vomiting may occur, it is not common and is normlly observed

in less than 30% ef the cases (Dovle, 1981), !he severity of
the illness is quite variable but in most caeps it is briéeff

and self-limited (Rettig, 1979; Karmali ard Tleming, 1979).

From circumstantial evidence it was estimated that the
ineubatien period of campylobacter enteritis ranges from 2 to
11 days., Other investigators suggest t'2t a typical incubation
period is 2 to § days (Prescott end Kammali, 1978, Blaser et al,
1978, Karmali and Fleming, 1979).

The duration of C, fetus subsp. jeluni excretion following
spontaneous clinical recovery is uncertain., The faeces of
patients who are not given chemotherapy usually remain positive
for about twe #o five weeks after R attack of Campylobacter
enteritis (Bytzler and Skirrow, 1979). Karmeli and Fleming (1999)
found that 2L untreated children with acute C. fetus subsp. jejuni
enteritis ceased to excrete the organism within L te 7 weeks,

In another study, Ricrardson et al., (1981) showed that of 73

apparently herlthy school children examined cvery three months,
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three excreted C. fetus subsp. jejuni in their faeces for more
than a yenr, Mild cases may excrete the organism for only a
few daye, and there is always the odd patient whe excretes

for much longer pericd (Butzler and Skirrow, 1979).

Mechanis® of Pathogenicity of Caggglobacter fetus subsp. jejuni

Little work has been done to wuncover the potential 2 e

pathogenic mechenisms of disease of £, fetus subsp, jejuni.

This is because there is no suitable animal model. Only a

few animals have been found susceptible to experimental infections
but even when success has been reported by one group of workers
¢thers hove failed to confirm it (Butzler and Skirrow, 1979).
Monkeys (Butzler and Skirrow, 1979; Tribe and Frank, 1980);
puppies and cats (Prescot and Barker, 1980); Mice (Madge, 1980)
and chickens (butzler and Skirrow, 19793 Ruiz-Palacias et al.,
1981), have been tested without wniform result,

Well characterized enteric diseases vesult primarily from
toxin production or penetration and ulceratien of the gut
mucosa or both even though other frectors mey contribute to
the pathogenic process. All enterie pathogens must attach
and such factors as motility, the presence of pili, the
elaboratien of mucinase and other faetors, play a role in
their ability to colonize., The relative importanee of one
or more of these capabilities has not Ween established for
C. fetus subspecies jejuni (Ficld gy al,, 1981),

Several hypotheses have been propesed for the pathogenesis
of this disease based on clinical observations. These include

suggestions that the organism can produee exterotoxin and is
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simasiwe (’Bli’czl.b:-md--ﬁkiﬂ%w;vfww:‘ ‘‘The ‘role ef toxins in

“the pathogenecity of campylobacter enteritis has not been
determined. Hesults have shown tha? cilture mupernatant
filtrates failed to s+timulate fluid scoumulation in ligated ileal
loop of rabbits, crlves and piglets, aid failed to cause
morophological changes of a cholera-yoiin like or cytotoxic
effect in cultural chinese. hamster wary (CHO) cells to which
culture supernatants in which the pathorens grew were added
(Guerrant et al,, 1978; Butzler and Skirvrow, 19793 Manninen et
al,, 1982). Both of these 2ffects are siicited by Cholera

toxin and the heat labile toxin of Egcherizhia coli, However,

a study of the pathogenesis of the colitis sasen in gnotobiotic
dogs infected with C, jejuni suggests that a cytotoxin of some
type was involved with the production of intestinal epithelial
damage (Prescott et al., 1981),

The infant mouse test is reported to be .1.-
reliable and reproducible for the detection of E. coli heat
stable entepotoxin (Giannella, 1976). However, only 16 of
100 cultures of C, fetus subsp. jejuni were positive when tested
for a heat-stable toxin in infant mice (Butzler and Skirrow,
1979). Other workers have reported that C. fetus subsp. jejuni
failed to produce heat-stable enterotoxin by the infant mouse
test (Guerrant et 21,, 1978; Menninen et al., 1982). On the tasis
of thesz findings, production of either a cholera=-like heat-
labile enterotoxin or a heat-stable enterotoxin analogous
to those produved by V., cholerse, noncholera Vibrios and certain
strains of E, coli does not seem ta wnke 3 majer centribution to

the pathogenesis of Campylcbacter enteritis,
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Invasiveness by Campylobacters is considered by some authors
(Butzler and Skirrow, 1979) %o pe a requisite virulence factor
for establishing enteritis., Thig concept ig supported by the
appearance of bleody diarrhea, bacteremia, cholesystitis,
ulceration of the gut in infected human patients, development
of high antibody titres after infection and the recovery of the
organism from peripheral blood in the acute phase of the disease,
Moreover, chicken embryo cells in oculture can be invaded within
2l hours after the addition of Campylobacters (Field et al., 1981),
However, attempts to reproduce diarrhea in variocus laboratory
animal species have not been successful in many instances.

Recent experiments using 3-day old chickens infected with

C. Jejuni detected Campylobacter within epithelial cells and
mononuclear cells of the lamina propria by immmofluorescence
and electron mioroscopy, Diarrhea accompanied by weight loss was
obgerved in B8% of the birds (Ruiz-Palacios et al., 1981).
Manninen et al., (1982) however failed to induce diarrhea in 3-day
0ld birds, All the birds appeared healthy and no gross morpho=~
logisal changes were noted at necropsy, Butzler and Skirrow
(1979) also failed to induce diarrhea in older (8-day old)
chinkens although Campylobacter was observed in epithelial cells
of the caecum, blood and liver and was reeovered from faeces of
all Inoculated birds, Several investigators have attempted to
reproduce the disemsge in non human primates, Two of three

rhiesus monkeys challenged with 106 or more organisms developed

gevere enteritis but not when challenged with 10h or 102
microorganisms, In a second laboratory, a group of four adult

rhesus monkeys inoculated per os with 167 related sampylobacter
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from a humen, failed to develop diarrhea (Butzler and Skirrow,

1979). Kecently, eight young rhesus monkeys (Macaca mulatia)

were infected orally with 2 humen strain of C. jejuni
(Fitzgeorge et al,, 1981). The disease Induced was mild with
inappetence and diarrhea of short duraticn but prolonged,
intermittent excretion of the bacteria ir the faeces occurred.

The underlying mechaniem by which Cakpyloboacter seemingly

induced disrrhea in some animals while gther animals of the
same Species shed the orgenism in the freces and remain asy=-
mptomatic is unknown,
Results of the Hela cell association wtudies have shown
that the ability to associate is not a genaral property of
C. fetus subsp. jejuni (Manninen et al., 1932). In additien,
the inability of C. fetus subsp, jejuni in several studes
Guerrant et al., 1978, Manninen et al., 1982} to produce
keratoconjunctivitis when inoculated into the conjunctival sac
of guinea pigs excludes a typical epithelial cells invasies
process, These dats therefore separate the pathogenesis of
Campylobacteriosis from that of shigellosis and cdertain invasive
The absence of e¢nterotoxigenicity, focal epithelial
cell destruction or inflamatory invasion are vreminlscent «f
yet another type of enteric infection such as described
for salmenellopis and yersiniosis by Cater and Collins (1978).
The clinieal syndrome of enteric symptoms and bacteremia sometimes
seen with yersiniosis and salmonellosis in human subjects is
similar to the clinical syndrome of campylobacteriosis, There

is now growing evidenaz that related campylobacters are
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pathogenic mainly by virtue of o direct invaalve ability,

intimicrobial Susceptibility of Campyloboctey fotus subsp.

A number of studies have been conducted % the susceptibility

of (ampylobacter fetus subsp. jejuni to antimlerobial agents. The

available information on the sntimicrobial sensitivity of C. fetus
sﬁﬁéé;'jejuni differs somewhafufrom different countries (Plastride
et al., 1964, Butzler et al,, 1974, Chow 23.3&" 19?8, Svedhem et
al., 1981, Vanhoof et al., 1982 and Walder, -962), '

Antibiogrem atddies heve demonstrated that the ~rgenisms is
- most susceptible to ghe aminoglycosides, erythromycin, g
@pxycycline, chloroamphenicol and the tetracyelines gnd fesistant
fo polymyxin B and bacitracin (Plastridge et al., 196, Butzler
et al., 197k, Vanhood.gg'gi., 1978). Ameng the aminoglycosides,
gentamicin has been *ound to be the most active but 8.9 of the
ismolates in Vanhoof's.éeries were resistant to both drugs, while
lincomycin was inaotive, ©Uf the Tetrecyclines, Minocycline wes
the most active in Vanhoof's series but S of the isolates were
highly resistant. All isolates were reasonnbly sensitive to
Chl oramphenicol. :The penicillins showed little activity;
ampicillin was moderately active against mest isolates, penicillit,
G less so and eloxacillin totally inactive. o -

Data on the‘in-vitro antimicrobial susneptihilitj of cliniea’
iselates of C. fetus reported by Chow et 2., (1978) were in
gemarol agreement with thase ropewest vy dutzler et al., (197h).
C. ééEBE was relatively resistant to penicillin and all cepha--
loéhcrins tested, Ampicillin, Cerbenieillin and ticareillin
were considerably more nctive snd dmeept . for one strain

highly resistemt Lo ampicillin, all werc inhibtrted by reodily

I ’.t" .
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achievable serm concentrations of these antibiotics.

All strains of C, fetus studied, were found t» be pesistent

to Vancomycin, In contrast, C. fetus was exquisitely
susceptible to the tetracyclines,zentamicin and amikacin,

All strains of C, fetus studied were inhibited by 1.6ug/ml

of tetracycline, doxycyeline and minocycline, 0.8ug/ml of
gentamicin and 1,6ug/ml of amikecin, All the strains tested
were inhibited at concentration of clindamycin, chldramphenieol,
metranidazole and kanamycin achievable in serum byt were
relatively resistant to lincomycin and erythromycin,

The consistent in-vitro resistance of penieillin reporteéd
is in keeping with frequent reports of therepeutic fajlure with
this agent in the treatment of C, fetus infection (Eden, 1962).
The wnique susceptilility of C. fetus to tetracycline and
gentamiein reported is consonant with the generally favourable
response to tetracycline therapy previously reported (Mandel and
Ellison, 1963). Gentamicin has also been recommended by some
as the drug of choice for severe C. fetus infection (Butzler
et al., 197L4); however existing clinical experience with this
agent is too scanty to permit adequete evaluation of it's
in-vitro eficacy. Resulte of therapy with clindamycin and
chloramphenicel have been reported to be variable (Targan
et al,, 1976).

The wnique activity of dimetridazeole, an analog of
metronidazole againat strains of (. fetus have been reported
(Femie gggl.,"l???, Chow et al,, 1976). Until recently,
metrpnidazole and cther nitroimidazole derivatiyes were

considered to be active only against obligate anaerobes
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(Tally et sl., 1975), prebably serving as specific electror
acceptors for reduced ferredoxin, thus interferring with
electron transfer in the phosphoroclastic resction esserc:al

for survival of oblignte anaerobes (0'Irien and Morris, 19723
Edwards et al., 1973). Hence the demonstration of Ishibition

of C. fetus by metranidazole suggests that an aliewmnative
mechanism of action effective aguinst micrecaeropkilic bacteria
doed exist. O

There is oniy a scanty knowledge about sirains isolafed from

animals especially domestic sanimAals such as fgs and chickens
which constitute o possible source of infect:ons (Simmons

and Gibbs, 19793 Svedher ond Kaijscr, 1980), The antimicrobial
susceptibility of (L. fetus subsp, jejuni cbirined from diff-
erent patients with diarrhes and from different héalthy
chickens was investigated using 18 antimizobials (Svedhen; ”
et al,, 1981). The btacteria were found ® be especially
sensitive to carbenicillin, peniecillin ¢, gentamicin,
chloramphenicol, nalidixic acid, clindauwyein, erythroanein
and doxveyeline. There was no signifieant difference between
the results obtained witbh the humsn and chicken strains, a
fact which further strenght:mns the idea of snimals as source
of human infections, Similarly, Vashoof et al. (1982)
reported that in general the minimil inhibitory concentration
(MIC) @istribution for the animl strain were very comparable
with those of the human strains. ' C
_ Recently, transmissible plasmids from C. fetfus subsp.
jejuni have been described (Taylor et al., 1981). Different

studies suggest that enimals can act s & reserviour of bacteria
FS e . _ . S

et
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habouring antibiotic resistance plasmids which could be
transferred to human Marsik et al,, 1975; Saida et al., 1981).
Hence increased level of mantibiotic resistance in campyl cbacters

from animals may represent a human heal th concern.

EFFECT OF TEMFLERATT E AHRD pH Of THE SURVIVAL OF CAMPYLOBACLITR
FEIUS SURSPECIRESG JRJUNI S . . .

; It hgs been reported that C. fetus subspecies jejuni
inéculated into sterile milk survived better at L'C thon at

25°C (Blaser et al., 1980), At 4°C, C. fotus subep. jejuwi

Tena ined viable for as long as 22 days whereas no viable orgenism
could be detecféi after 3 da=®m at 2500. Similar observationa were
made by Christopher et al, (1982) who reported an approximately
four log10 decrease in cell population in sterile skim nmilk at
14 days at 1%C and a & to 6—log10 decrease after 2,5 doys at
20°C., The results of these studieg.indicate that straixs ufl
C. fetus subsp. jejuni if present in milk could survive at
comercizal refrigeration temperatures for 2% least two weeks
with the length of time depending en the strajns involved and
level of contamination,

Berrell (1981) reported that sureival profiles of
different etrains of C. fetus subsp. jJjejuni in wnpasteurized
milk held at 4°C or 21%C. He observed that four of the Seven
strains studied were recoverable after LB hours of refrigﬁration_
temperature and that enly two o seven atrains were recoverable
after LB hours at 21%C. One strain was still detected after
5 days, Similerly, Doyle and Romen (1982} reported that the
gsurvival of C. fetus asubsp. jejuni in unpasteurized milk held

at h.C varied with the strains. They vtseryed that the moat
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telerant strains showed » 2 logw decrease in viable cells

after 14 days and the most sensitive showed a f~log deerease

after 7 deys. This indicates that indur appropriate

conditions large numbers of Campylc@.cteg may survive in raw
milk. o T
Inactiva%ion of g_.l f_e.‘gﬁ sd.‘.t\sp....j.e‘qﬂ';tﬁ.t;i s.trair.l.é-r.in. |
wnpastewrized milk held at L;DC paralleled but was greater
than inactivation of strains in sterilc milk (Doyle and Roman,
1982) suggesting that the psychrophilic microflora in rew
milk may have produced metabolites toxic to C. fetus subsp.
Jejmi. Alternatively, Iunlike sterile milk, paw mnilk contzins
lactoperoxidase, which in combination with hydrogen peropide
produces metabolites trat are bactericidal to many gran-—
negative bacteria, The activity of the lactoperoxidsse

system may at least partially explain why the Campyfobacter

gtrains were innctivated to a greater degree in xow milk than

in sterile milk. Tt is believed WAt the hydrogen peroxide -ic v
produced by bacteria growing in ray milk incrgapes the
generation of 1actoperoxidase-1nedi';'.t-ed rnetamites toxiec

to Campylobacter strains.

Tt hes been reported that the imc'tiira'tisﬁ ”;’:f different
strains in unpasteurized milk coﬁeqmndad with gn increase in
milk aerobic plate count (A.P.C) and a deerease in milk pH |
(Doyle and Roman, 1982). However na abeslute cprrelation has
been made between the rate of change in nilk Aerobic Plate
Count (4.P.C.) or pH and the rate of Camzlobacter inactivation,

The optimua pH for growth of stralns of C, fetus subsp.

Jejuni has been found to be in the ragkg of 6.5=7.5 ' o ’
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(Doyle and Ruman, 1981), None of the strains studied could
grow at pH 4.7 and only one strain grew at pH L.9. This
suggests that C. fetus subsp, jejuni eamnot grow in high
acid foods, a
It is interesting to note the ability of C. fetus eubsp,
jejuni to survive in response to temperature and pH, At L2°%¢
which is within the range of the optimum temperatures for
growth, the organism wes inactivated more rapidly in a medium
adjusted to a pH that is inhibitory to growth than in a medium
having a comparable pH but incubated at 25%C, For instance, at
pH L.5 a 3-log,y decrease of cell populetion occurred within
8 hours when incubated at L°C (Doyle and Koman, 1981).
Similarly, in a medium having the same pH, C. fefus subsp,
jejuni was inactivated more rapidly at 26°C than at L°C.
At low pH value such =5 3 to 3.%, the organism wag readily
inactivated at all temperatures including h'C.
The presence and possible persistence of C, fetus subsp.
jJejuni in raw milk reaffirms the need for pasteurization,
D55‘C values of 1 minute or less for the inactivation of
geveral strains of C. fetus subep. jejuni in skim milk has
been reported (Doyle and Loman, 1981}, Hence the vat process

of holding milk at 62.7.0 for 30 minutes should be sufficient

to free milk of unuesually large nunbere of Campylobacter strains,



CHAPTER THREE

EXPERIMENTAL STUDIE®

INTRODUCTION

Campylobecter fetus subspecies jeluni is regerded as an

important cause of diseas¢s in humans (Skirrow, 19773 Blaser
et al., 19793 Fai et al., 1979). In several studics it was
isclated more often than Salmonclla species »r Shigella species

from patients with diarrhea (Bleser et al,, 19793 Pai et al.,

e
1979). The epidemiology of C. fetus subsp, Jefuni diarrhea
is beginning to be elucidated. It has been apperent that
there is a vast a2nimal reservoir for this organism and that
transmission occurs by the faecel=to=oral route (Smibert, 19743
Robinshn et al., 1979). Food and water are tht vehicles most
often incriminated during outbrerks (Bleser, 1581) and the
organism has beun isolated frequently from foofs of animal
origin including chicken turkey, pork, beef, lapb and unpas-
teurized milk.

Despite all these, there is no reported work on these
areag in Nigeria, The purpose of this study therefore, is to
ascertain the role of cattle in milk contamination Wy
determining the prevalence of the organism in cattle faeces,
milk and milk products., In addition, this work aime at
determining the presence of virulence markers of the isolates,
their susceptibility to antimicrobial agents and factors that

affect their survival in milk.
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MATFRIALS AND METHCDS

I TISOLATION OF CAMPYLOBACTIIt FETUS subspecies JEJUNI

(a) Typese and sources of s.mples

(i) One thousand rectal swabs were collected from cattle
in randomly selected livestock farms, Fulani herds and abattoirs
in Zaria and it's environs, Two hundred and sixty-nine of
these samples were from institutional livestock farms, 355
from Fulani herds and 376 from animale slaughtered in abattoirs.

(ii) Three hundred (300) fresh milk samples were collected
from cattle whose rectal swabs has been collected.

(iii) One hundred (100) samples of locally fermented rilk
(nono) and L0 samples of local butter (Maishanu) all purchased

from markets in Zaria and it's environs,

(b) Sample collection
Hectal swabs were obtained by insacting A sterile swad

soaked in sterile F.B.P* broth 5-ocm into the rectum of each
animal, rotating it for approximately 15 seconds and inserting
it into a sterile test-tube containing 3mls of sterile F,B,P
broth. The samples were conveyed to the laboratory ice-cooled
and processed within 12 hours of collection,

An average of about 15mls of raw milk were ccllected
aseptically - into sterile universal bottles from randomly selected

milking cows in each herd, The locally fermented milk samples

*Ferrous Bisulphite Pyruvate (¥,B.P) broth is used for growth
trausport and preservation of Campylobacter. It consists
of Oxcid Nutrient broth No. 2 containing 0,12% agar and Oxoid
SR B4, Oxoid SK B4 consists of 0,25¢/L ferrous sulphate,
sodium metabisulphite and scdium pyruvate. OXOID =
Basingstoke Hampshire, ENGIAITD.
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were ohtained by purchasing'20mls of each from different sellers
in different markets, The maishanu was purchased in solid fomm
and hence fre exact volumes weru not known, All samples were
ccn#ey&d jce=copled to the laboratory.aﬁd processed within 12

hours of collection,

(¢} Cultural media

Butzler's medium was used as the primary isclation medium.
It c¢onsists of Oxoid Thioglycollate agar base with 15% defri-
binated sheep blood and Cxoid ant.biotic supplement SR 85,
SR 85 consists of Bacitracin 25,000 units/L, Cycloheximide
50mg/L, Colistin sulphate 10,000 units/L, Cephazolin sodium

15me/L and Novobiccin Smg/l.

(d) Culturing for Compylobacter fetus subsp, jejunl

~About 0.1:ml of the rectal sweb suspension were inoculated
onto Butzler's selective medium using the swab stick, The
selective agar plates were then streaked for isoletion with a
wire loop. 4 reference strain of §. fetus subsp., jejuni (852/79)
kindly supplied by Dr. M. B, Skirzow, Worcester Hoyal Infirmary,
England, was also inoculazted onta two plates of each lot of
gelective medium to test for the ability of the iselective media

to support prowth of Cempylobacter. The plates were incubated

at 42°C for L8 hours in = microaerophilic otmosphere achieved
by use of commercial Gaspak enveloped {(B,B.,L#*) in anaercbic
Jars without catalyst.

Culturing for the orgenism from milk and milk products was

carried out by employing a combination of direct plating and a

**B,B.L Microbiological Systems, Becton Dickson and Co.
Cockeyville, M.D, 21030.
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modified gelective enricthnt procedure of Doyle and Roman
(1982) followed by plating on Butzler's selective medium,
Approximately 5ml of each sample was inoculated into 10ml of
the F,B.P broth. The samples were then incubated at 4,2°C for
24 hours, and finally subecultured inte Butzler's selective
medium, The plates were then incubated at hZOC for L8 hours
under similsr microserophilic conditions. Immediately after
culturing, . the pH of the raw milk snd locally fermented milk
were determined using a pH-meter 7010 (Electronic Instruments
Limited). The pH of the local butter (Maishanu) was not

determined because of it's tendency to solidify,

(e) Detection of Campylobacter fetus subspecies jejuni

All plates were examined for C, fetus subspecies jejuni

after L8 hours of incubation, Il growth was not observed,
the plates were further incubated for up to 5 days after which
they were discarded as negative.

Typical smooth, flat, ten or grey, watery and sometimes
spreading non-haemolytic colonies were Gram=stained (counter-
stained with carbol fucshsin), examined microscopically for
motility by the hanging drop method and tested for oxidase .
production aceording to standard procedure (Cowan and Steel, 1974).

Colonies consisting of Gran-negative, oxidase-positive,
curved or spiral shaped rods with very rapid, darting and
jerking movements, were strerked on sheep blood agar plates,
incubated for LB hours at A2DC under microaerophilic

conditions for purification and further identification,
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(f) Tdentification and Characterization of Compylobacter fetus
subsp. de]uni.

Colonies from purificd growth were subjected to growth and

bischemical tests according to standard procedures {Smibert 1979
Cowan and Steel, 197L, Skirrow and B njamin, 1980), The speacific
biodhemical tests carried out inciuwded catalase test, nitrate
redyation test, Hydrogen sulphide (HES) and acid production in
Trisle sugar Iron agar (T.9,I), oxidation formentation (0/F)
test, Growth at 37°C,~ L2°C ana 25°C, in 1% glycine and 3.5%
Nael, asrobically and anacrohieally.

Isolates that exhibited the f{ollowing characteristics were
identified as C. fetus subsp. Jejuni: Catalase positive, reduced
nitrates to nitrite:, did not produce acid and H25 in TSI, did
not utilize glucose by oxidation or fermentation, Grew at 3700 and
42°C but mot at 25°C, grew in 1% glyeine but not in 3,5% Nacl,
grew slowly ancercbically and did not grew 2erchically,

Biotyping of a.l strains identified as C. fetus subsp.
jejuni was performed according to the methods of Skirrow and
Benjamin (1980) based on the ability of the organism to hydrolyse
hippurate, produce hydrogen sulphide (st) and it's susceptibility
to nalidixie acid, Hydrogen sulphide productich was tested for
by wming non-iron containing F.B.P medium as described by
Skirrow and Benjamin (1980). Hippurste hydrolysis was tested
for according te the method of Harvey Y1980), while susceptibility
to nalidixiec acid was evaluated on bleod agar plates with
commercial antibiotic disks (Difce) cantaining 30Oug/disk.
Bacteria: showing inhihition zones of 19mm after incubation

microasrophically at B?QC tfor 24 hours were cansidered susceptible
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Isclates were identified as C, jejuni biotype I if they
hydrolyse hippurate, did not produce H,S in F.B.P medium but
were sensitive to nilidixic acid or occasionally resistant.
They were regarded as C, jejuni biotype 2 if they were
sensitive to nalidixic acid, hydrolysed hippurate and produce
H25 in F.E.P broth., They were identified «s C. coli if they
were sensitive to palidixic acid but failed to kydrolyse
hippurate and produce HZS in F,E.P medium,

In addition tec the stendard biochemical tests used for
the identification of Camprlobacters, the isolates were
subjecteu to the following biochemical and growth tests often
used in the identification of other enteric organisms as
described by Cowan and Steel (1974): Indole test, Methyl red
and Voges Proskauer tests, citrate utilization tests, lysine
and arginine decarboxylasc tests, fermentation of glucose,
lactose, sucrose, mannitol and saliein; urease teat, growth
of the organisms on the following selective media: Brilliant
green agar (B,G.A), Salmonella-Shigella agar (S.S.A),
Thiosulphate citrate bile salt sucrose (T.C.B.S), and

MacConkey agar (MaC).

IT ASSAYS ¥OR VIKULENCE MaRKERS

The e¢leven isolates and the reference strain (852/79) were
investigatcd for the presence of virulence markers as follows:

(2) Ability to invade tiscues:

The invesive abilitles of the iscletes were determined
using the method described by Sereny (1955). Each isolate
wag grown on 5% sheep blood ager plate for L8 hours under

microaerophilic conditions at MOC. Colonies were suspended
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in sterile phosphate buffered saling (P.B.S., pH ".2). The
P.B.S5. suspensiong of the orgenisms wvere diluted te¢ sontain
approximately 3 x 108 organisms/ml ty comparison with
MacFarland's nephlometer standard, gre ml each of these
suspensions was instilled into the upper and lower conjunctival
sacs of guinea=pigs. One eye each of ‘wo different adult guinea
pigs were inoculated with each isolate. 4 positive Shigella
dysenteriae suspension, and a negrtive ®,B.S, (pH 7.2)
controls were instilled into the conjurnetival scces of control
guinea pigs. Both the control and the experimental animals
were examined daily for up to five days for the development

of redness, purulent materisl or cornea, opacity.

(b) Entepotoxin prouuction

(i) Infant mouse test

A modification of the infant mouse ¢est originally
described by Dean et al. (1972) was used to assay for
the presence of heat stable (ST) enterotoxin in broth culture
supernatant of the isolates., Broth oulture supernatants
were prepared for w e as sources of enterotoxin by growing
the isolates in broth consisting of 2% peptone (Difco), 0.
(wt/vol) sodium chooride, 0.11% fwt/vol) magnesium chloride
and 1% (vol/vol) Horse serum (Manpinen et al,, 1962). The
cul tures were incubated at L2°C for 10 hours without shaking
and for a furthcr 38 hours with slow agitation., Cultures
were centrifuged, and the supernatant fluid used immediately

in the infant mouse test.
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Pnterotoxigenic material of known heat-stable (ST)

producing enteropathogenic Escherichia coli (IPEC 64283)

was prepared by inoculating Trypticase soy broth (T.S5.B.)

(B.B.L.) containing 1% yezst extract with qvernight growth of

the organism. The broth culture wes incubated with siow agitation
for 2L hours, centrifuged and the supernateni used for the
lneculation of the positive control mice.

Infant mice were obtained from pregnant adult mice supplied
by the National Veterinary hesearch Institute (¥.V.RE.I) Vom
animal breeding laboratories. BSeventy, 3=day-dld suckling
mice were separated from the dams and randomliy divided into
1l groups of S mice each.' Bach of 5 3-day-old mlce in 12
groups was inoculated with 0.1ml supernatant preprration {which
conteined 1 drop/ml 1% Evans blue dye) from elesen isolates
end the reference sirain. One group of 5 mice incculated with
‘sterile broth served as nsgative control and epother group
inocculated with supernatants from broth cultures of known S.7
producing E, coli served as positive conitrol, Inoculation was
done percutancously through the abdominal vall directly into
the milk filled stomach with a 30 gauge hypodermic needle,
After inoculation, all the mice were lefE at room temperature
{25°¢) for L hours ond then euthanized with ether. The
abdomen of each mouse was opened, and the pmall intestine was
examined for distention and then removed with forceps. The
intestines of the § mice in each group were weighed fogether,
their remaining body weights were also determined. The

ratio of the gut weight to the remaining body weight was then
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calculated, hatios 1less than 0,07 were considered negative
while those in the range of 0,07-0,09 were consiiered

questionably positive and those over 0.09 strongly positive,

(ii) Rabbit lignted ileal loop test

This was done according to the method of Guerrant et al,
{1976) to assay for the presence of heat-labile (L7) enterotoxin
in whole culture suspensions of the isolates. Phudphate
buffered saline (P.B.S) suspensions of L8=hour blocd agar culture
of the test isolates estimeted to contain approximmtely 3 x 108
organism/ml by comparison with MocFarland's nephlometer
standard were assayed for LT, P.B,S suspension of 2l~hour
blood cultures of known LT producing enteropathogenic E, coli
(ETFC 64495 and ETECV 141941) served as positive controls,

hdult rabbits were starved for 24 hours befire surgery.
Under general anasthesies, the small bowel of eaga was isolated
and flushed with 0.1ml P.B.S, (pH 7.L). Starting from the
ileocaecal junction, the jejunum amd anterior ileum were ligated
by using a single tie of eurgical silk between segments into
a series of intestinal loops each averaging L 30 Sem long. An
internocdal loop of about 2cm was tied between “wo experimental
loops. Twelve louops were inoculated with iml of a P,B.S
suspension of each of the 12 test isolates uging 2 30 geuge
hypodermic needle. Loops inoculated with 1m! sterile F.B.S
served as negative control loops and loops inoculated with
suspensions of enteropathogenic kb, coli scyved as positive
controls. Control loops were placed at the beginning and end
of a sequence and also interspersed within the sequence. Each

isolate was tested in two different rabbits, After inoculation
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the loops were carefully placed back in ‘the abdominal cagity
of the rbbit and the abdomen closed up surgically, Twenty-
four hours after incculation, the animals were killed and
eviscerated. The length and fluid volume of each intestinal
loop wag measured and the resulte expressed as the ratio of

volume to length., Ratios of 1 or higher were considered positive.

(¢} Infection of 3~day-old chickens

The method of Ruiz~Palacios {1981) was followed to inves=
tigate the ability of the isolates to infect Y-day~old chickens
induecing diarrhea and weight loss, The inoculyn consisted of
P.B.5 suspension of L8 hour blood agar cultures of the various
igolates adjusted to contain.approximately 3 x 108 orgainsms /ml
when compared with MacParland's nephlometer siandard,

Fifty-six 3-day old chicken {N,V.R,I, Hatchery, Vom) were
divided into 14 groups of L chickens each, Each group was
orally inocculated with 0.%ml of a suspension of each of the
11 isolates and the reference strain. [l uninoculated chickens
and lj inoculated with sterile P,B,S. served as negative contrels,

The mean body weight of each group of birds was determined
immediately after inoculation and just before sacrifice, The
cages and chickens were inspected daily for evidence of diarrhea
throughout the dwration of the experiment, Two chickens per
group Wwere sacyificed after LB hours, eviscerated and the
intestines inspected for gross pathological changes. This
procedure was repeated for the remaining chickens 72 hours post

inoeculation.
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IIT  IN-VITRO ANTIMICROBL.L SENSITIVITY TEST

(i) Antimicrobial sensitivity testing by disc diffusion
method

The antimierobial discs (DIFCO) and their concentrations
used were as follows: Tetracycline (30ug), Trimethoprim (5ug),
Streptomycin (10ug), trythromycin {15ug), Neomycin (30ug),
Ampicillin {10ug), Bacitracin (10ug),.Kanamwcin (30ug), The
locally made discs inclwded Cloxacillin {10ug), Methronidazole
(25ug), Cxlaemphenicol (30ug), Lipcomycin (2ug), Gentamicin (10w,
Doxycyeline {30ug), Cephalexin (3Uug), and Nalidixic acid (30nug,
A modification of the disc diffusion method of Bauer et al. (1543}
wae used, The organismg were grown in F.B,P broth for 24 hours.
Turbidity testing was determined using MacFarland's nephelometer
as standard., BSterile cotton swabs on wooden applieator sticks
were dipped into the standardized suspension of the isclates
and streaked evenly over the entirve surface of Mueller Hinton
agar enriched with 5% sheep blood., The plates were allowed to
dry for about 10 minutes and the discs were then placed on
the surface of the plataes with ste:ile forceps. Approximately
7-8 antimicrobial discs were placed on each 150 x 15mm plate ond
the plates were incubated at 37 C in a miercaerophilic condition
for LB hours, The dismeter of the zones of the inhibition -
surrounding each disc tc the nearest millimeter were measured
with a yulcer and the results recorded as sensitive, intermediate
or resistant by referring to the manufacturer’s interpretative

table,
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(ii) Determination of Minimal Inhibitory Concentrations
(.1, C)

The M.I.Cs of some of the antimicrobizals tested by the disc
method for the eleven isolates ond the reference strain were
determined. The antibiotics used for this study were
Erythromycin, Tetracycline, Chloramphenicol, Doxycycline,
Methronidazole, Kanamycin, Gentamicin, Cloxacillin, Ampicillin,
Cephalexin, Streptomycin and Neomycin, The agar dilution
method on Mueller Hinton agar (Difco) adjusted to pH 7,2 and
enriched with 5% defribrinated sheep blood was used. Two=
fold serial dilutions of each antimicrobial agent was achieved
by employing a modified Hricsson and Sherris's (1971) method

as shown below:

Antibiotie solution + Sterile =Inter- Finnl Concentratica
water mediate at 1:10 agar plates

cancen=

tration

Volume ug or I.U/ml Volume ug or wgoor ', log cenoen--
I,U/m I,U/ml tration

6.4 2,000 3.6 1280 128 7
2 14280 (from above) 2 6L0 6L 6
1 1,280 & 3 320 32 5
1 1,280 " " 7 160 16 Y
2 160 " " 2 80 8 3
1 160 " b 3 Lo L 2
1 160 " " 7 20 2 1
2 20 " " 2 10 1 0
1 2 " u 3 5 0.5 =1

1 ) " " 7 2.5 0.25 -2
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Two mls of the appropriate interm;diéée ﬁoﬁcentraticnj were
added to 18mls of the molten Mueller Hinton agar to ¢btailn

the final concentrations in the plates; The test organisms

were streaked on blood agar plates, then subewltured in F,B.P
broth and incubated for Lb hours; Each broth culture wasg
adjusted to a MacFarland number 1 nephelometer s‘ndard., Inocula
congisting of 0.02ml were delivered with en Epperdorf pippettie
onto the antimicrebial agent containing agar ;ﬂateé. Incculated
plates were then incubated at 3?60 wmder microagrophilie condi-
tions as previously described; Blood agar plates without
antimicrobial agents were inoculated with the :est organisms and
used as controls, All results were read at !8 hours and the
minimum inhibitory concentration (M.i.C.) vas the leagt
antimicrobial conqentration that yielded.no visible growth,

IV EFFECT OF TEMPERATURE AND pd ON THE SURVIVAL OF C, FEIUS
SUBSP, JEJUNI

The survival and growth rate of 2 selected isclates and
the reference strain inoculated inge sterile milk ati temperatures
of 4,°¢, 25°C and 42°C; and pH 5.0; 7.0 and 8.5 were investigated.

For each temperature levél, three 150ml portions of the
milk were sterilized by autoclaving at 121°¢ for 15 minutes |
and adjusted to pH 5.0, 7.0 and 8.5 respectively with either
HCl or NaOH using pH-meter 7010 (Electronic Instruments, Limited),
Each portion was then inocmlated with 3ml of a LB-hour F.B,P
broth culture of the test organism, mixed, and distributed
agsepticelly in approximrtely 12ml smounts into 13 sterile
miversal bottles, all the 39 wniversal bottles were then kept
at the appropriate test temperature either at uaoc in an
incubator, L°C in a ref rigdrmtor or &6 2520 n 13 L@EI Yo ry isehch



(room temperature),

Viable count was cetermined at é=hourly intervals wp to
72 hours, At each sampnling time, 1ml each of the milk samples
was removed from diffevent universal bottles at the appropriate
pH levels and viable counts determined for each sample by &
modified Miles and Misra (1938) method, using 554 sheep blood
agar plates., One tenth millilitres of appropriate dilutions
was inoculated onto the agar plates which were then incubated
at h2OC for 48 hours wnder microaerophilic condi::ions. At ’
cach gampling time, the pH of tlie milk samples were determined
and appropriately adjusted to the desired pH using sterile
NaQH or HCL to ﬁaintain a relatively constant pl.

A similar protocol was used to investigate the effect of
storage at hOC, 2500 and MEOC on the survival of these organisms
i1 sterile milk at it's normal pH. At é~hourly intervals, the
pH of milk was determined and recorded tut not adjusted.

’
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RESULTS

T. ISOLATION RATES AND CHARACTERISTICS OF ISCLATE

& total of eleven isolates, representing an isclation rate of 1.,1%
were obtained from the 1,000 cattle rectal sambles examined, The ise=
lates were non-haemolytic, gram-negative spiral S-or comma shaped rods
and oxidase and catalase positive. They were non-sacchrelytic hut redused
nitrates to nitrites, Oue isclete however reduced nitrite further fo
nitrous oxide, All the eleven imolates were susceptible to Nalidixfe
acid, hydrolysed hippurate, and did not produce hydrogen sulphide in
F.B.P medium. They were therefore classified as C. Qgiggg bioctype 1.

0f the 269 rectal swabs obtained from animale ot ins®itutional farms,
only one (0.37%) eample (obtained from the A B.U Phiversity Farm), was
positive for C. fetus subsp, jejuni, Seven (1.B6%) isolates of the
organism were obtained from the 376 samples from the abattoir and 3({..EZ
(0.85%) from the 355 samples from the fulani herds (Table 1).

There is no statisticelly significent difference in the isolation
rates of4g.‘£gzgg subep, jejuni between the abathoir and fulani herds

2 = 1.36)0

(¥ 0.25, X
The organism was not isolated from any of the 300 milk samplés, nor
from the 100 locally fermented milk (Nono) and 40 local butter ""”*“‘“!
(Maishana) soevdles, . _' o |
Table 2 shows the reazction of the ¢leven iscolates aﬁd thé reference
strain when they were subjected to other biochemical tests routinely used
in the identification of other enteric pathogens. All the eleven iso-~
lates were negative in the indole, methyl red and Voges Proskauer test.

All of thoem werv able to utilize citrate, O0Of the eleven, only 2(num-

bers 11 anl (5) were able to decarboxylate the aminc acid lysine, None
decarboxylated arginine, None ol them produced HES on THI slant,
neither was there any positive in the urease test. HNone pof the igo-

utilized glucose, lactuse, sucrose, mAnnitol, end salicin either

Termentatively or oxidatively, On the selective media employed, none

of the eleven strains grew on Brilliant green aga {B.G.A), Salmonella-
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Shigella agar (S.5.A), an¢ Thiosulphate citrate bile sucrose
dgar (TaC.1.8). - Twocof - thel fetroty 21 -and &) SHéwe oy

Bhighkgrowths on the MacConkey mgap,

IT VIRULENCE MLEKERS

(2) Ability to invade tissues

None of the eleven isolates ol C, fetus subspecies
jejuni and the reference strain caused purulert discha-ge,
reduness or corneal opacity (Keratuconjunctivitis) in any of the
guinea pigs used for the test, Similarly, animals inoculated
with sterile P.B.S did not develop keratoconjwnetivitis, but
guinea pigs inoculated with Sh.dysenteriae showed progressive

conjunctivitis and Keratitis from 72 hours post inoculatio.

(b) Enterotoxin production

(i) Infant mouse test: Table 3 shows th ratio of gut

to remaining carcass (body) weight in the infmt mouse test
for heat stable enterctcxin, The E. coli postive control
produced a mean gut-to-body=-weight ratic grester than 0.090,
The C. fetus subsp. jejuni streins and the sterile broth which
served as the negative ccntrol, prcduced man ratios of below

0.070,

(ii) Rabbat ligated ileal loop test: Table L and plate 1,

show the enterotoxigenic capabilities of the C. fetus subsp.
Jjedupi isolates and the control orgenisms when their filtrates
were inoculated into the intestinal loops of rabbits, The
loops inoculated wich filtrates of 2ll the g. _i:g_gui subsp.
Jejuni as well as the negative contral loops inoculated with
only P.B.S showed no fluid accumulation and each had a volume/

length ratic of less than 1, The _oops inoculated with the
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enterotoxigenic E, coli filtrates (ETEC 6LL9S and ETECY 1h19h1)

showed morked distention with ratios of velume/length 1 and above,

(e¢) Infection of 3=day=cld chicken

Of a tctal of 52 chickeng, 8(15.1:) inoculated with isolates

16 and 65 had soft faeces and slight intestinal 2nd caecal
haemorrhage and showed slight losses in weight and both L8 and
72 hours post inoculation, The remaining L4 birds had no
diarrhea and showed a mean increase in weight; they appeared
healthy throughout the dursticn of the experiment and showed no
gross pathology at necrospy. The mean weight gain of the 52
experimental chickens at 48 and T2 hours were 6,43 # 2.32g and
T.L45 * 5.53g respectively, The control chicken had mean weight
gains of 7.35¢ # 2.3¢ at 48 hours and 8,48g * 0.88g at 72 hours
post inoculstion, There was no statistically significant difference
between the mean weight pgains of the experimental and contrcl

chickens (P 0,5, student t-test for unpaired means),

IITI  ANTIBIOGRAM STUDIES

(i) Antimicrobial susceptibility testing by disc diffusion

nethod

The results of the antimicrcbial sensitivity test by the
disc diffusion method are shown in Table 5, All the eleven isolates
tested were susceptible to gentamicin, chloramphenicol and nalidixic
acid, Ten (91%) of the eleven isoclates were susceptible to
streptomycin, neomysin and doxycycline whereas nine (82%) of them
were susceptible to tetracycline and kanamycin, Erythromycinlike
ampicillin was muderately active ajainst the organisms with 72, 9%
and SL.5% of the isolates beiny sensitive to them respectively,

Table 6 shows the percentage resistance of the isclates

to the antimicrobial agents use., lone of the eleven isolates
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- were susceptible to all the antimicrobial agents.tested. ALl
the isolates weie resistant to lincomycin, cloxacillin,
trimethoprim and teeitracin. All except one isolate each
were resistant to Cephalexin and Metromidazale,
The pattems of the antimierobin, resistance“of the
isolotes are shown in Table 7. Nine pattems were obeerved,
and almost 21l isclates exhibited uifferent pattecms of
resistance from cne another. Two patterns each occurred
twice: Cloxacillin -~ Metrenidazoles - Lincomyein - Trimethoprim -
Bacitracin = Cephalixin (18.2:) and Closacillin =~ Metronidazole -
Lincoﬁycin - Trimetheprim ~ Ampicillis - Bacitraein - Ceph~

alexin (18,2%).

(ii) Minimal Tnhibitory Concentretion (M.1.0)

Table 8 shows the minimal inhibitory concentrations of 14
antimicrobial agents for 11 C. fetus subsp. fejuni isolates frim
cattle faecces, 4ll the straing tested were $ensitive to
Chloramphenicol at Bug/ml, 27,34 and 18,2% ¢f the strains were
resistant to tetracycline and Doxycycline at M.I.C. of Lug/ml.
Doxycycline was however observed to be more active than .
tetracycline as lower concentrations of Dosycycline were required
t¢ inhibit the isolates, and two stralns resistant to tetracyceline
at Lug/ml showed crcss-resistance to Dotyeyeline {Table 6).
Ampicillin was moderately active agpingt the isclates with 6
of the 11 isolates (54.5%) inhibited by Bug/ml, 41l the 11 isol-
ates were highly resistant to Cloxaeillin, Lincomycin and
Methronidazole, All the isola%es were resistant at M.ILC of

12Bug/ml of these sntimicrobial agents, Cephalexin showed



poer activity against C, fetus subsp, jejuni isolates, Only
one isolate was inhibited by 32ug/ml, the others gave M.I.Cs

ranging from 6L to 126ug/ml.

IV EFFECT OF TEMPERATURE A1D pH ON THI SURVIV.L LD GROWTH
OF THE ISOLATED C. FETUS SUBSP, JEJUNI IN MILK,
EE Zeur==a

Figures 1 to 3} show the survival and growth pattemns of a
reference strain of C. fetus subspecies jeluni and two other
isolates from cattle rectal swabs inoculated into sterile milk
at different temperature and pH levels,

it hOC, the survival of the three test organisms was
observed to be best in sterile milk adjusted to pH 7.0 and better
in milk at pil 8.5 than in milk at pH 5,0 cver a 2L hour period
(Fig. 1). A similar trend was observed at 25°C (Fig. 2),
However, in general, inactivation of the organism occurred more
rapidly at 25°C than at L°C.

Similar to observations at L°C and 25 C, at 42 C,; the
survival of the 3 organisms were cbserved to be best in milk
adjusted to pil 7.0 (Fig. 3)., However, in sterile milk samples
adjusted to pH 8.5 and pH 5,0, survival was better at pH 5.0
than at pH €,5 over a 24 hour period, contrary to cbservations
at 4°C and 25°C. In sterile milk adjusted to pH B8.% and held
at 42°C, very rapid declines in numbers cccurred over a 2l hour
period, «an approximately 6-log decrease occurred at pH B,5 with
h2°C with three test organisms over a 2L hour period.

The survival profile of the three C. fetus subspecies jejuni
test strains in sterile milk at it's normal pE, and the changes
in the milk pH at L°C, 25°C and L2°C are displayed in Figures

La and L4b, Similar pattemms of survival were observed with the
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tiree strains at each tem»erature, It was cbserved that at
the three temperature levels, all the isolates at the concen-
trations wmsed persisted in milk for up to three days. With
the three strains, survival and growth were best at L2°C (Fig. L).
The survival and number of orgenism detected in milk were better
at u°c than at 25°C over a 24 hour period. at u°c there was
no significant change from the initial numbey of the organisms
of the test strains over 2 T2 hour period. at 2500, all the
three strains showed varying degrecs of dec.ine in initial
numbers over a 72 hour pericd (Fig., L).

There were slight or nc differences {1 the initial pH
of the milk samples inoculated with the teet organism, At
hOC, the pH of the milk samples remained constant over the
72 hour period. Very slight changes occurred in the milk pH

at 25°C and L2°C (Fig. Lb).
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TABLE 1: I.olation Ratis of 0u1Mawcm subsp. umu:np from

oo —
cattle from differen. sources,

[fotal No, of
pattle rectal |[Number positive ' ™
Bwabs . for C. fetus
Source rollected subsp. jejuni Percentage
lllll S— R | - a
() INSTITUTION.L FarMS/HELDS
(i) National Animal Production and
Research Institute Dairy, Zaria
(i) Ahmadu Bello University Farm, Zaria
(iii) albaji Kowa's Farm, Zaria. 269 1 0.3T%
(iv) Schocl cof agricultur:z Farm, Zaria
(v) Bitrus Sawa's Farm, Zaria,
(vi) Faculty of Veterinsry Medicine,
ashmadu Bello University, Zeria.
(v) FULANI HERDS 355 3 C.85%
¢) ZANGO ABATTOIR, ZaRIA. 376 7 1.86%
’
TOTAL 1,000 1 1.1%
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TABLE 2: BIOCHEMICAL REACTIONS OF THE ISOLATES IN TESTS NOT ROQUTINELY USED FOR
CAMPYLOBACTER IDENTIFICATION.

CITRATE |LYSINE H,S ARGININE GROWTH IN
IS0- UTILIZ=-|DECARB-| $n GLU=) LAC= SUC=§ MANNT =| SALI=| DEC= 3. 5%
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TABLE 33 Infant Mouse teust for detection of heat-stable

enterotoxin from 11 C, fetus subsp, jciuni isclates.

(6)

Body=-Gut
weight (C)

Hatio of Gut to
remaining body weight
gga.

(c/

Cut

Isolate No. Weight
11 0.13

20 0,12

65 0.14

7 0,13

23 0,15

37 0,18

9 19~ 0.12
b 6 0.18
13 0.15

21 .14

16 D.13
P.B.S 0.13
852/79 0,20
64,283 0.17

3.0
330

2.1
BUC

2.0
2,1

2.1
3.7
1.8

0,062
0.060

0,06l
0,062

0.050
0.060

0.056
0.060

0,050

0,050
0,062

0,062
0,054
0,094

24 value of 0,09 or higher was considered positive,



aloops inoculated with C, fetus subsp. jejuni .-

isolates
bloop inoculated with strain ETEC 6LL9S

®loop inoculated with ETECV 141941
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TABLE l: IEnterotoxigenic activity of 11 C, fetus subsp.
e T LT

]ejuni filtrates using rabbit intestinal ligated loop.

Isolate No. Fluid volume Loop length (em) Volume{length

in loop (ml) ratio
11 0.0 5,0 0.0
20 1.0 I 0.25
65 0.0 4.2 0,00
7 0.1 5.0 0.02
23 0.1 L.0 0,025
37 0.0 L.0 0,0
19 0.0 _ 5.0 0.0
6 0.0 ) 5,0 0.0
13 0.0 5,0 *. 0,00
21 0.0 3.5 0.0
16 0.1 5,0 ' 0,02
P.B.S 0.1 L.0 0,025
852/79 0.0 L.0 0,0
64455 4.5 L.O 1.125
141941 6.5 5,0 3

a, . ”
A velue of 1 wag considered positive,



Antimicrobial agents

TABLE G

to 1 antimicrobial agents by disc diffusion method,

fntimicrobial susceptibility of 11 C, fetus subsp. jejuni isolates

Drug dose/disk

Cloxacillin
Methronidazole
Chloramphenicol
Lincomycin
Tetracycline
Trimethoprin
Gentamicin
Streptomycin
Exrythromycin
Neomycin
Ampicillin
Nalidixic acid
Bacitracin
Doxycyel #ns
Cephalexin
Kanamycin

i
25
30

2
30

5
10
10
15
30
10
30
10
30
30
30

37 total of 11 isclates were tested.

(ug) = Ddamever (mm)

1.70
5.50
31.80
3.50
25.30
2.70
26,30
24,00
2L,.20
21.00
15.00
21.60
2.50
21.20
9.20
20,00

General Interpretation

vl o =

v o uw O n W

193]

Ui

0t m wn o

R = Resistant; S = Susceptible

No. of susceptiblé 'Pervemtage
. Asolates =

susceptible

N

0.0

9.1
100,0
0.0
82.¢
0.0
100.,0
91.0
T72.7
91.0
c4.5
100.0
0.0
91.0
_mna
"82.0
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TABLE 6: Percentage resistance of 11 C. fetus subspecies
jejuni strains to 16 antimicrobial agents,

Antimicrobial agents Resistance {Percent)
Cloxacillin 11(100,0)
Methronidazole ' ' | 10(90.1)
Chloramphenicol _ 0(0.0)
Lincomyein 11(100.0)
Tetracycline 2(18.2)
Trimethuprim 11{100,0)
Gentamicin 0(0,0)
Streptomyein 1(9.1)
Erythromycin o 3(27.3)
Neomycin I o S - 1(9.1)
Ampicillin -~ 5(L5.5)
Nalidixic acid o . 0(0.0)
Bacitracin 11(100.0)
Doxyeyeline - ‘ | H9.1)
Cephalexin . 10(90.1)

Kenamyoin 2(18.2)

T T —————
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TABLE 7s+ Pattems of antimicrcbial resistance of 11 C, fetu-

Jejuni from cattle faeces, =

1

Resistance Pattern ’ Number of Isclates
(%)
Clox=Meth=Lin=Tri=F ~=Ceph 2(18.2%)
Clox=Meth=Lin=Tri-Ec 1(9.1%)
Clox=Lin-Tri=Neo=Ea >~Ceph 1(9.1%)

Clox-Meth=Lin=Tri-Utrept-imp-Bac-Ceph-Kana  1(9,1%)

Clox=Meth-Lin-Tri- iry—amp~Bac=Cep. 1(9.1%)
Clox-Meth-Lin=Tri-Tetra~Ery~Bic=Ceph 1(9.1%)
Cl ox=Me th=Lin=Tri~Ery=FEac-Ceph 1(9.1%)
Clox~Meth~Lin=Tri-smp-Bac~Ceph 2(18.2%)

‘lox=Meth-Lin=lri-letra~ wp-Eac-Doxy-Ceph~Kana 1(9,1%)

F"v‘:)vera.ll 9 antimierobial resistance patterns were 'bbaerved.

PClox = Cloxacillin, Bac = Bacitracin, Tri = Trimethoprim,
lMeth = Methronidazole, Lin = Lincomycin, Ceph = Cephalexin,
Neo = Neomycin, Strept = Streptomycin, Amp = Ampicillin,
Tetra = Tetvacycline, Ery = Lrythromycin, Kana = Xanamycin,

Doxy = Dorycycline,



TABLE 8:

MINTMAL INHIBITORY CONCEN

T A

ATIONS (M.I.C,) OF 14 ANTIMICROBIAL AGENTS FOR 11

EY¥Y,

C. FETUS SUBSP, JEJUNI ISOLATES,
ANTIMICRORIAL AGCGENTS
CHLOE~ METH- |STREP- |KiNA~ | GEN- CEPH- jDOXY- JNaLI-
ERYTH&+ |AMPHE- |AMPI- |TETRACY-|CLOXAC-|LINCO-] RONID- |TOMY-" |MY=- TAMI- |NE®M- |[ALE- CYCL~ |DIXIC

I t* JROMYCIN INICOL |CILLIN|CLINE ILLIN |[MYCIN | AZOLE |CIN CIN CIN YCIN XIN INE anﬂ
Isolate(ug/ml) (v /ml )| (ug/oX) (ue/ml) §(ug/mi) (ue/mi ) (ug/ml)| (ue/m )| (8/o1)] (va/m )] (ue/m ) (ue/o1 )] (ue /o1 ) Cue /a1 )
19 2 8 8 ¢.5 128 128 128 2 2 0.5 2 128 0.5 L

37 2 L 16 0.5 128 128 128 2 8 2 L A 0.25 2

6 L 8 8 1 128 128 6l 2 8 2 L oy 3 0.25¢{ 16

7 2 0.25 8 1 128 128 128 2 L 0.5 16 128 0.25 2

el 32 8 8 32 128 128 128 1 16 1 L 128 16 1€
20 16 1 32 1 128 128 128 s 18 2 L 128 10,5 5AS
21 2 8 8 1 128 128 < 1 8 2 8 6l 0.25 8

16 2 8 16 L 128 126 32 1 16 2 L 128 2 L

13 2 2 16 1 128 128 128 2 6L 0.25 1 128 05 2
65 16 1 32 2 128 128 128 2 16 1 2 128 0.5 1
23 2 2 8 8 128 128 128 6l 6l 1 Iy 128 1.0 1
REFEi~
ENCE 2 L 8 0.5 128 128 N L L 2 8 16 4.0 8
STRAIN
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The carriage rate (prevalence rate) of 1.1% of

Campylcbacter fetus subspecies jejuni by cattle in Zaria

and it environment as detected in this study is low alihough
it is in general agreement with rasults of Stern (1981).

Prescott and Bruin-Mosch (1981) and Rosef et al. (1983) who
have reported isolation rates of 0%, 2.5% and 0,8 respectively
from cattle, Other workers have reported higher isclation rates
ranging from 19% to 1000 (Svedhem and Laijser, 19813 Doyle
and Roman, 1982; Prescott and Munpoe, 1982 ; Blegbe, 1983).

. The resson for the variations in the results of the vario:s
workers may he explained in part by differences in management
pract;ces by cattle owners such as the type of housing and type
and éuality of feeding and drinking water. These may influence
the existence and spread of C. EEEEE subspecies jejuni in cattle.
Methods for obtaining the samples and isclating the organisme me .
algo be an important factor. Furthewmore, the variation could
be & true reflection of the level of infection in these enviro=
nments. hesults of this study show that management practices
may not be an important factor because there wag no statistically
significant difference in the isolation rates of the organism
from the three different sources studied, h

Raw and improperly pasteurized milk from cow; ha{é béen
ineriminated as the vehlcle in several outbreaks of milk-borne

Campylobacteriosis {Robinson and Jonea, 19815 Skirrow, 1982),
Many workers have tried to isolate (. fetus subsp. jejuni from
milk with varying degrees of sueccess (Taylor et al,, 1979; Porte:

and Reid, 19803 MacNaugnten et al,., 1982; Lovett et al., 1983).
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The result of this study in which no Campylobacter fetus

subspecies jejuni was isolated from milk is in agreement with
the work of Rosef et al., (1983) and Waterman and Park (1982) who
obtained no isolates from milk dollected from 106 and 600

dairy cattle with elinicrl masiitis in Norvay aﬁd England,
respectively, The absence of the orgonism in milk and milk
products as observed in this study appears o be due to the

low prevalence of the organism in cattle faeces which is
regarded as a gource of milk contamination, Failure to

isolate the organism from the 300 wilk samples in this study

may mean that the milk wes not contaminated by faecal material
or it may be that cows whose milk were examined had no C. fetus
subspec¢ies Jejuni in their faeces, In addition, since the
technique in this study for isclating the organism from milk
invoived both direet plating and an enrichment procedure, it was
unlikely that the organisms were present but were_undetected'”
in the raw milk and milk products examined,

The low carriage rate observed in cattle faeces aﬁd the
abzsence of the organisms in milk and milk products suggesat that
eattle may not be an important gource of the ofganism for human
infection, However, since cows are intestinal carriers of
C. fetus subspecies jejuni (Smibert, 197L), the faecal conta=-
mination of milk still represents é potential route leading to
humen infections, Although C. fetus subspecies jejunl was -getected,
in only 11 of 1000 samples of the rectal swab examined, it’'s
presence in the futsstinal trecty of these few cattle sﬁggest
that milk handled in an insanitary mammer may eagily be

contaminated with the organisms.
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The eleven strains did not differ among thempelves in most
of the biochemical tests to which they were subjected. The in-
ability of any of the strains to utilize any of the five sugars
tested agrees with previous report that Campylobacter organisms
have limited metabilic activities and are unable to utilize
carbohydrates as gole carbon source (Smibert, 197L). Results
from the study however show thai routine biochemical tests
used for other enteric organisms may not be necessary in the

identification of Campylobacter strains.

The fact that all the isolates beleng to the same bio=
type 1 is in agreement with work reported by Rosef et al.
(1983) that mjority of catile isolates belong to biotype 1.

The results of the infant mouse test corroborated
those of the ' ligated ileal loop test, and these show that
the C. fetus subsp., jejuni strains tested meither produced
a cholera~like heat-labile enterotoxin nor & heat-stable,

enterotoxin analogous to those produced by Vidbrio cholexrae,

non-cholera vibrios and certain strains of E, coli, TFailure to
detect toxin may mean that C. fetus subsp, Jejuni does not
produce enterotoxin at all or produces toxins that are not
detectable by the current methods used, The results of this
study are however consistent with those of Butzler and Skirrow
(1979) who were unable to demonstrate heat-labile enterotoxin
production in isclates by the Yl-adrenal cell test and wi+h
those of Guerrant et al. (1978), vho fajled to demonstrate
heat-stable and heat=latile enterctoxin production by five

isclates 6f C, fetus subsp. jejuni.
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Ruiz-Palacios et al., (1981) recently described the
experimental reproduction of Campylobacter diarrhea in chickens
using a single human isolate. He induced diarrhea in 884 of the
3=day old chickens. The infected group failed tec gain weifht
compared with the control group. In this study, however, a mean
increase in weight was observed in the birds treated with the
test organisms as well as in the controls, However, weight loss
was observed in 8 of S birds, and although soft faeces were
observed in the intestine of these birds, profuse diarrhea, mucus
and perianal staining were not observed, The results of this
study are in agreement with the work of Manninan et al, (1982)
who 2ls0 galld not induce diarrhea in 3-day cld chicken:using
human isolates of C. fetus subspecies jejuni, These differing
results suggest that not all C, fetus subspecies jejuni strain
have the ability to induce diarrhea, and that even with those
strains that are capable <f inducing diarrhea, there are differences
in the severity of the diarrhee so produced. Furthermore,

C, _fetu: subsp. jejuni isolated from human beings may be more
pathogenic to chickens than those from cattle. There is also
the possibility that differences between the breeds of chickens
used affect induetion of diarrhea,

The other results in the present stully alsc seem unable
to define the virulence factors of (. f_en'g subsp, Jejuni
because the result of guinea-pig conjunctivitis (Sereny, 1955)
test also sxcluded a typical epithelial cell invasive process,
This result however agreed with those of Cuerrant et al, (1978)
and Mannien et al, (1962), and separates the pathogenesis of

Campylotacteriosis from that of Shigellosis and certain invagive
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Ruiz-Palacios et al., (1981) recently described the
experimental reproduction of Campylobacter diarrhea in chickens
using a single human isolate. He induced diarrhea in 884 of the
3=day old chickens., The infected group failed to gain weight
compared with the control group. In this study, however, a mean
increase in weight was cbserved in the birds treated with the
test organisms as well as in the controls, However, weight loas
was observed in 8 of 54 birds, and although soft faeces were
observed in the intestine of these birds, profuse diarrhea, mucus
and perianal staining were not observed, The results of this
study are in agreement with the work of Manninan et al, (1982)
who also pailg not induce diarrhea in 3J-jay cld chicken using
human isolates of C. fetus subspecies jejuni, These differing
results suggest that not all C, fetus subspecies jejuni strain
have the ability to induce diarrhea, and that even with those
s‘rains that are capable of inducing diarrhea, there are differences
in the severity of the diarrhee so produced. Furthermore,

C. fetu: subsp. jejuni isclated from human beings may be more
pathogenic to chickens than those from cattle. There is also
the possibility that differences between the breeds of chickens
used affect induction of diarrhea,

The other results in the presant stully alsc seem wable
to define the virulence factors of (. fefus subsp. jejuni
because the result of guinea-pig conjunctivitis (Bereny, 1955)
test also sxcluded a typical epithelial cell invasive process,
This result however agreed with those of Cuerrant et al, (1978)
and Mannien et al, (1982), and separates the pathogenesis of

Campylobtaeteriosis from that of Shigellosis and certain invasive
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E. coll, In humens however, studies suggest that C, fetus
subsp. Jjejuni is enteropathogenie by means of invasive properties,
Such evidence include the nature of the clinical symptoms
the rapid development of antibody titres after infection and the
recovery of the organisms from peripheral bloed in the acute
case of the disease (Manninen et al., 1982), It is therefore
suggested that further investigation be conducted on the
hypothesis that human campylobacteriosis with bacteremia may
be a penetrating infection, Furthermore, more cattle isclates
would have to be tested for possible invasive properties before
it could be fully estatlished that E. EE.E“..E. subsp. Jejuni of
cattle origin is invesive or not.
The in=vitro activity of the different antimiecrobial agents
on the test isclates confirm other reports in litcrature that
Cs fetus subsp. Jejuni isclates are suseeptible to chleramphe-
nieol, the aminoglyccsices, doxyeyeline, tetracyeline and
erythromyecing and resistant to bacitracin and trimethoprim
(Plastridee et 2113719643 Butzler et al,, 197L; Vanhoof et al.,
1978). Erythromycin resistance among our isclates was higher
than the reported frequency of resistance tc the same antibiotie
in other parts of the world (Brunton et al,, 1978; Vanhoof
ey al., 1978; welderman and Forsgen, 19765 Karmali et al.,, 1981),
Thisanuswlly high resistance to erythromyein in the present
work may be relative, arising from the few (11) isclates tested.
All the isolates in this study were sensitive to chloram-
phenicol and were Inhibited by therapeutionlly achlevmble
gserum levels of the antibiotic (M.I,C. Sug/ml). Similer findings

have been reported olsewhere (Laldexy *379¢ Yaniwof et al., 1960).
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This antibiotic may thercfore serve as a potential drug of
choice in treating C. fetus subsp. Jejuni infections. Its use
is likely tc be limited h-owever beecause of the risk of serious
side effect, Also, the results of this study confirmed Walderfs
(19?9) observation that doxycyecline has greater in-vitro aetivity
against C, fetus subsp, jejuni than does tetracycline; and thus
confirms its use in therapy.

The fact that all isclates in this study were highly
pensitive to the aminoglycvosides tested, agrees with report
of earlier workers (Butsler et al., 1974s Vanhoof et al., 1978;
Walder, 1979; Vanhoo! et al., 1980; Karmali et al., 1981),
Almost all the is~lates were inhibited by gentamicin angd
gtreptomycin at 20ughd and necmycin at Qug/ml., Hence parenteral
gentamicin which has been successfully used to treat c. _g_g‘gu_g
subsp, jejuni septicemin (Butzler and Skirrow, 1979), mey be
ugeful in trenting infections thet mey arise from bovine isolates
of C, fetus subsp. jejuni in Nigeria, All strains tested were
inhibited by nalidixic acid at 16ug/ml, thus confirming that our
isclates were C, fetus subsp. jejuni (Veron and Chatelain, 1973).

In this study, survival of C. fetus subsp. jJejuni in milk
appears to be temperature-dependent. At hOC, the initiel
numbers of the organism remained more or less constant over the
period whereas at 25’08 the numbers of each strain dropped
considerably over the same periocd. This observation agreed
with those of Blaser et al, (1980) who reporied that strains
of C. fetug subsp. Jjejuni may survive in sterile milk initially
containing 107 cells/ml for up to 22 days at L°C but for

no more than 3 days at 25°C. Similar observations were made
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by Christopher et al, (1982) who reported an approximately
L-log,, decrease in cells in sterile milk after 1L days at
1°C and a 5=-log to b=log decrease after 2.5 days at 20°¢C,

From all these obuervations, it is obvious that Campylobacter

organisms are capable of surviving for several days at refri-
gerated temperature (L°C) such that once contaminated, milk
could serve as a source of infection f'or men even when refrigerated,
The increases in the initial number of each of the test
isolates inoculated into sterile milk and held at h2°C can
be explained in part, by the fact that the organism acclamatised
and multiplied at this temperature which is regarded as optimum
for growth of C, fetus subsp. jejuni (Smibert 1974). The very
slight increases in the milk pii during storage at this temperature
night also have contributed to 2 more optimm growth condition
for the organism, However, since at L9 and 25°C there was a
decrease in the initial number of each organism with little or
no change in the milk pH, it is possitle that the suboptimal
nature of the two temperatures were respongible for the decline
in number, The reason for the slight increase in the pH of the
milk held at hEOC is not easy to explain since C. fetus subsp.
QEQEEE does not ferment the milk.augar, lactese., 1t is possible
that the slight increase observed may bave been as a result of the
growth and multiplication of other organisms as evidenced by
their presence on the growth medium,
The fact that strains of the teet organism survived for
60 to 72 hours at an acid pH of 5 at L°C in this study, would
suggest that C, fetus subsp. jejuni may remain viable for days

in refrigerated low aecid milk products such as loeally fermented
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milk (nono) and loczl cheese (Kindrim ), At room temperature
(35°) the organisms were less tolerant to acid pH, sc it would
geem that inmctivation of the orgrnisms in low acid milk products
would ocgur much more rapidly at room tempernture than at
refrigeration tempexature, Increased metabolic acitivities at

a higher temperature (25°C) in an unfavourable pH moy have
resulted in death of some cells, This may explain in part,

the decline in population okscrved in milk kept at 25°C. It is
therefore obvious that agidic milk such as local fermented milk
products may serve as a vehicle for transmission of C. fetus
subsp. Jejuni to men with the risk being greateet with milk
stored at L7C, The possible effects of other naturally occurring
microorganisms in loccl milk products on the swvival of C, fetus
subsp. Jjejuni can, however, not be ignored.

The survival profile observed under all test conditions
suggests that the organism if present in milk in large numbers
would survive for considerable lingths of time, Thus, failure
to isolate these orgenism from the milk and milk products
sampled in this study suggests the absence of the prganisms in

these products.
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CONCRBUSION
The prevalence rate of Campylobacter fetus subspecies jejuni

among cattle in Zaria and it's envircnment is quite lew, The
organism was not isoclated from any of the unpasteurized milk and
milk products, The low carriage rate observed in cattle faeces
and the absence of the organism in milk and milX products suggest
that cattle may not be an important source of the organism in
this area.

The mechanism of pathogeniecity of the C, fetus subsp.
jejuni isclates was not elucidated. The isolates did not
produce enterotoxins and were not invasive by atandard procedures.
These results therefore separate the pathogenesis of Campylobacter—
iesis from those of shigellosis, certain invasive E. coli infection,
enterotoxigenic E. coli infection and cholera,

A good number of C, fetus subsp. Jjejuni organism are
capable of surviving in contaminated milk for considerable lengths
of time, The long periods during which the organism remained
viable and at high numbers at all temperatures used jn this
study emphapizes the possible danger of infeotjon to consumers
who normally consume milk and low acjid milk produoss
as skim milk,

The isolates were susceptible to a number of commenly
used antibietics, Hence antibioties sweh as Gentamicin,
chloramphenicol, Doxycycline, tetracyeline are recommended

drugs of choice for treatment of Campylcbacterissis,
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