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SUMMARY

An epidemiological investigation was conducted to identify risk factors related
to hygiene and husbandry practices which determine the introduction of
Campylobacter spp. into broiler chicken flocks. All 176 broiler farms in an area in
southeastern Norway participated in the study. Each farm was represented by one
flock selected at random during a one-year period. The flocks were examined for
campylobacter colonization at slaughter, and the flock managers were sub-
sequently interviewed about hygiene and husbandry practices. Campylobacter spp.
were recovered from 32 (18%) of the flocks. The proportion of colonized flocks
varied geographically and seasonally with a peak in the autumn. The following
variables were found to be independently associated with an increased risk of
campylobacter colonization using logistic regression analysis: (i) feeding the
broilers undisinfected water (odds ratio (OR) = 3-42, P = 0-045), (ii) tending other
poultry prior to entering the broiler house (OR = 6:43, P = 0-007), (iii) tending
pigs before entering the house (OR = 4-86, P = 0-037), (iv) geographic region
(Hedmark versus Ustfold county) (OR = 291, P = 0-023, (v) season (autumn
versus other seasons) (OR = 3:43, P = 0-008). Presence of rats on the farm was
associated with an increased risk, but this factor did not reach statistical
significance (OR = 3:96, P = 0-083). Preventive measures should include dis-
infection of drinking water and strict hygienic routines when the farm workers
enter the rearing room. The results indicate that disinfection of drinking water is
the preventive measure most likely to have the greatest impact on the prevalence
of campylobacter among broiler chicken flocks in the study area (population
attributable fraction = 0-53).

INTRODUCTION

In many countries, poultry production has become increasingly specialized and
integrated in an industry based on intensive production systems. Successful
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disease control has been a necessary corollary to the efficiency of such systems.
Poultry are, nevertheless, recognized as asymptomatic carriers of several
important human pathogens, including salmonella and campylobacter. Thermo-
tolerant campylobacter bacteria (Campylobacter jejuni and Campylobacter coli) are
among the most common causes of diarrhoeal illness in humans in the
industrialized world [1, 2]. The bacteria are isolated frequently from poultry as
well as from poultry products [3, 4], and epidemiological studies have incriminated
consumption or handling of poultry products as major risk factors for
campylobacter infection [5-9]. Thus, colonization control of campylobacter in
poultry is of considerable public health importance.

Theoretically, prevention of campylobacter colonization in poultry may be
effected in a number of different ways including hygienic measures [10-12],
vaccination [13, 14], treatment with competitive exclusion microflora [15], and
genetic control (selection of resistant chicken lines) [16]. Previous studies have
indicated that it may be possible to maintain broiler flocks campylobacter-free up
to the processing age by introduction of hygienic measures in the rearing houses
[10-12, 17, 18]. Vertical transmission from colonized breeder flocks to progeny is
considered unlikely [10, 18-21]. Most studies designed to identify sources of
campylobacter colonization in broiler flocks have been limited to bacteriological
surveys [10, 18, 22-25]. Although a number of possible routes of introduction have
been identified, a better understanding of the epidemiology of campylobacter in
broiler flocks is essential in order to provide a basis for a more specific control
strategy.

In Norway, campylobacter infections are a cause of considerable morbidity in
humans [26,27]. A case-control study concluded that control of human
campylobacteriosis should include measures that maintain a low prevalence of
colonization in broiler chicken flocks [7]. We have conducted an epidemiological
investigation in order to: (i) identify factors related to hygiene and husbandry
practices on the broiler farm which are likely to have the greatest impact on the
presence of campylobacter, and (ii) determine the prevalence of campylobacter
colonized flocks in the study area.

MATERIALS AND METHODS
Description of the study

The study was conducted in southeastern Norway during the 1-year period
April 1990 to March 1991. All 176 broiler farms which delivered broiler chickens
to three poultry processing plants in the counties of Hedmark and Ostfold,
participated in the study. Each farm was represented by one flock which was
selected at random as follows: to minimize seasonal bias, the study period was
divided into five 10-week intervals (excluding Easter and Christmas); for each
interval and each processing plant, one fifth of the flocks processed during that
period at the plant in question were randomly selected, excluding flocks from
farms already represented. The flocks were examined for presence of campylo-
bacter at slaughter; from each flock, a cloacal swab was obtained from 26-28
chickens from different transport crates, before scalding and defeathering.
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The farmers were subsequently interviewed using a structured questionnaire
which covered: (i) husbandry and hygienic practices during the rearing period and
when the house was empty, (ii) animal contacts including presence of other
livestock, (iii) general information concerning the flock, housing, equipment, and
drinking water supply, and (iv) mortality, disease signs, flock behaviour, feed
consumption, and weight at slaughter. The interviews were conducted by four
consultants from the Norwegian Poultry and Egg Association who were trained as
interviewers. The median interval between the date of slaughter and the interview
was 39 days (range 0-298). To avoid bias, the interviewers and the respondents
were unaware of the microbiological results at the time of the interview. Details
concerning the drinking water supply was provided by the local food hygiene
inspection authorities. Information regarding carcass rejection was obtained from
the processing plants.

On 147 farms, a drinking water sample was collected from a tap in the
production control room outside the chicken room at the time of the interview.
Samples were examined for campylobacter and for standard parameters of
bacteriological quality of the water (see below).

Bacteriological methods

Culture of swabs of cloacal faeces and water samples were carried out at two
food hygiene laboratories. Cloacal swabs were plated out directly onto Preston
agar (Oxoid Ltd., Basingstoke, England) in the processing plant immediately after
collection. In addition, samples from 104 flocks were subjected to selective
enrichment by placing all swabs in 50 ml Preston broth (Oxoid Ltd.). Plates and
enrichment cultures were incubated within 30 min of collection at 42-43 °C in a
microaerobic atmosphere, which was achieved using gas generating sachets
(BR 38; Oxo0id Ltd.) in anaerobic jars without catalysts. Plates were read after 24
and 48 h. The enrichment broths were incubated for 24 h, and one loopful was
streaked onto Preston agar plates.

Water samples were collected in sterile glass flasks, brought to the laboratories
in thermobags, and examined the same day as collected. An aerobic plate count
procedure was used to enumerate heterotrophic microorganisms [28]. Enu-
meration of total and faecal coliforms was done using a membrane filtration
technique [28]. Isolation of Campylobacter spp. was attempted by passing 100 ml
of water through a 0-45 gm membrane filter (Millipore Corp., Bedford, MA, USA)
which was then placed in 10 ml Preston broth without selective supplement
(SR 117; Oxoid Ltd.) and incubated in microaerobic atmosphere for 2-4 h at
37 °C. After this resuscitation step, the selective supplement was added, and the
cultures were then incubated for 24 h at 4243 °C before subculture onto Preston
agar.

Thermotolerant Campylobacter spp. were identified on the basis of morphological,
cultural, and biochemical parameters [29] as outlined previously [35]. Suspected
campylobacter isolates (1-2 per flock) were submitted to the National Institute of
Public Health for verification and biotyping [30].
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Statistical analyses

Univariate analysis was carried out with the computer program Epi Info
(Centers for Disease Control, Atlanta, GA, USA). For dichotomous variables, the
significance of differences between groups was assessed using the y® test; Fisher’s
exact test was used when an expected cell value was less than five. Continuous
variables were analysed using either the Student’s ¢ test or Mann-Whitney’s test
as appropriate. Multivariate analysis with multiple linear logistic regression was
done with the computer program Egret (Statistics and Epidemiology Research
Corporation, Seattle, WA, USA). Variables were included in the multivariate
analysis if the P value was 0-25 or less, were potential confounders, or if they were
of theoretical interest regardless of statistical significance. All results are expressed
as odds ratios (OR) with 95 % confidence intervals (CI) and two-tailed P values.
Population attributable fractions were calculated according to the method
described by Martin and colleagues [31].

RESULTS

Broiler management of tested flocks

All 176 flocks were reared on litter in environmentally controlled houses. The
median flock size was 6500 (range 2000-39500). With one exception, all farms
were operated on a single age, all-in/all-out basis, and 165 farms had only one
broiler house. All farms were supplied with feed of the same composition
containing avoparcin (15 mg/kg) and anticoccidial agent. The broilers were
slaughtered at a median age of 36 days (range 34-66). After depopulation, old
litter was removed, and the pens and equipment were washed (97 % of farms), and
disinfected (usually with formaldehyde gas) (87%). The median time before
restocking was 33 days (range 4-191). Most farms had five cycles of production
annually.

Prevalence of campylobacter

Campylobacter spp. were isolated from 32 (18 %) of the 176 flocks examined. C.
jejuni biotype 1 was recovered from 24 flocks, C. jejunt biotype 2 from 3, and C.
coli from 5 flocks. In 8 flocks, campylobacters were isolated from all chickens
sampled; in 5 flocks, campylobacters were cultured from 10-25 individuals, while
in the remaining 19 flocks < 10 samples were positive. All colonized flocks were
detected by direct plating of cloacal swabs. Selective enrichment did not detect
any additional positive flocks, rather campylobacters were not isolated from 8
flocks which were positive by direct plating.

Univariate analysis of risk factors

Only few of the potential risk factors examined showed a statistical significant
association with campylobacter colonization (Table 1).

Drinking water. The broilers received drinking water from a variety of sources,
including lakes, rivers, brooks, ponds, wells, and bore holes. Birds in campylo-
bacter positive flocks were more likely to have drunk undisinfected water than
negative flocks (OR = 3-24, P = 0-023). In all, 117 flocks (66 %) used undisinfected
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Table 1. Univariate analysis of selected risk factors for campylobacter colonization
i broiler flocks

No. (%)*
. A N 90 %
Positivet Negativet Odds confidence P
Risk factor (n = 32) (n = 144) ratio interval value
Drinking water
Undisinfected water 27/32 84% 90/144 63% 324 1-2-89 0-023
Undisinfected surface 9/32 28% 10/144 7% 524  19-143 0-001
water
Coliform bacteria 13/30 43% 17/117 15% 450 1'7-121 0-0005
Faecal coliform 7/30 23% 7/117 6% 478  1-3-174 0-009
bacteria
Campylobacter 3/30 10% 1117 1% 12:89  1-1-340-8 0027
isolated
Animal contacts
Tending other 6/32 19% 11/114 8% 279 1-:0-82 0-063
poultryi
Tending pigsi 5/32 16% 6/144 4% 426  12-150 0024
Rats on the farm 4/31 13% 4/144 3% 412 1-0-163 0044
Other factors
Geographic area 19/32 59% 53/144 37% 2-51 1-2-55 0-021
(Hedmark)
Season (August— 20/32 63% 52/144 36% 295 13-65 0-007
November)

* Denominators exclude flocks with missing values on the risk factors.
T Positive, campylobacter-colonized flocks ; negative, non-colonized flocks.
} The flock manager tended other poultry or pigs prior to entering the broiler house.

water. Seventy-four (42 %) obtained drinking water from a surface source, but this
exposure was not identified as a risk factor (OR = 093, P = 0-86). However, using
surface water which was not disinfected was strongly associated with an increased
risk of colonization (OR = 524, P = (0-001). A considerable number of flocks
received drinking water of suboptimal bacteriological quality. Coliform bacteria
were detected in samples from 30 (20%) of the 147 farms examined; the total
coliform count exceeded 10 cfu/100 ml in 9 cases. Faecal coliforms were detected
in samples from 14 farms (10%). The total heterotrophic bacterial count was
greater than 100 cfu/ml on 55 farms and exceeded 1000 cfu/ml in 17 samples.
Campylobacter colonization was associated with both presence of coliforms and
faecal coliforms (Table 1). The total coliform and faecal coliform counts were
higher in water samples from colonized than from non-colonized flocks, whereas
the total bacterial count did not differ significantly (Table 2). C. jejuni biotype 1
was isolated from 4 of the 147 water samples, and this factor was strongly
associated with colonization (OR = 12:89, P = 0-027). On three farms where C.
Jjejuni biotype 1 was recovered from the water, the chickens were infected with the
same biotype as well. On one farm, the organism was isolated from the water
supply but not from the flock under study.

Animal contacts. The farmers were asked to specify whether poultry or other
animals were kept on the farm, or whether any mammals, birds, or insects were
observed in the broiler house during the rearing period or when the house was
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Table 2. Relationship between campylobacter colonization tn broiler flocks and
number of indicator bacteria in drinking water samples

Colonized flocks Non-colonized flocks
I A N |4 A N P

Indicator bacteria Mean Median Range Mean Median Range value
Total bacterial count 404 97 < 1-3100 366 18 < 1-> 4000 0-81

(cfu/ml)
Coliform count 17-2 <1 <1-260 25 <1l <1-155 0-0003

(c¢fu/100 ml)
Faecal coliform count 71 <1l <194 <1 <l <1-13 0-0035

(c¢fu/100 ml)

Colonized %
8/17

50

40

30

20

10

1 2 3 4 5 6 7 8 9 10 11 12
Month of slaughter

Fig. 1. Seasonal distribution of campylobacter colonization among broiler chicken
flocks in southeastern Norway. Values on the Y-axis are expressed as the proportion
(%) of the total number of flocks examined each month. Figures above the bars
indicate no. of infected flocks/no. examined.

empty. Eight farms (5 %) reported rats on the premises, and this factor was found
to be associated with an increased risk of campylobacter colonization (OR = 4-12,
P =0044). No significant associations were demonstrated for other animal
species. A total of 29 farms kept other types of poultry, and 15 raised pigs.
Although the presence of other poultry or pigs per se was not identified as risk
factors, colonized farms were more likely to report that the flock manager tended
other poultry (OR = 279, P = 0-063) or pigs (OR = 426, P = 0-024) prior to
entering the broiler house.

Other factors. Campylobacter colonization was significantly associated with
geographic area and season; colonized flocks were more likely to be identified in
the Hedmark region (OR = 251, P = 0-021) and to be slaughtered in the autumn
(August—November) (OR = 2-95, P = 0-007) (Fig. 1).

The following factors were not found to be associated with an increased risk of
colonization: flock size; floor space; average weight of day old chicks; age at
slaughter; hatchery; number of days between depopulation and washing of the
house, between washing and disinfection, between disinfection and restocking; the
length of time before restocking; procedures for disposal of litter and manure:
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routines for cleaning, washing, and disinfection of the broiler house between
flocks; routines for cleaning, washing, and disinfection of equipment, implements,
drinkers, water tanks, feeders, feed bins, footwear, clothes, and hands; visitors to
the house; hygienic measures when the caretaker or visitors entered the broiler
room ; hours spent in the house; number of times entering the house; presence of
other poultry or animals at the farm; contact with poultry on other farms; birds,
mammals, or insects seen in the room during rearing or when empty ; procedures
for control of rodents or insects; asphalt or concrete in front of doors and gates;
doors or gates kept open before restocking ; distance between the broiler house and
disposed litter, manure, farmland, other livestock, and garbage dumps; types of
waterers, feeders, feed bins, and silos; feed producer; cracks or holes in feed bins
or top covers; types of litter, litter wetness, and litter refill procedures.

Multivariate analysis of risk factors

The following variables were found to be independently associated with
campylobacter colonization when placed simultaneously in a linear logistic
regression model (Table 3): (i) the use of undisinfected water (OR = 342, P =
0-045), (ii) tending other poultry prior to entering the broiler house (OR = 6:43,
P = 0:007), (iii) tending pigs before entering the house (OR = 4:86, P = 0-037), (iv)
geographic region (Hedmark versus Ostfold county) (OR = 291, P = 0-023), (v)
season (autumn versus other seasons) (OR = 343, P = 0-008). Presence of rats at
the farm was associated with an increased risk, but this factor did not reach
statistical significance (OR = 3:96, P = 0-083). This variable was kept in the model
on the basis of analysis of deviance. No significant interactions were detected
among the variables included in the analysis. The population attributable fraction
for consumption of undisinfected water was 0-53.

Productivity and health

No significant associations were detected between campylobacter infection and
the following factors: mortality during the rearing period, carcass rejection or
downgrading at processing, mean carcass weight, or total feed consumption per
broiler. Likewise, there were no associations with disease signs such as diarrhoea
(soiling around the cloaca), or abnormal variation in flock behaviour, feed and
water consumption, or colour or consistency of faecal droppings.

DISCUSSION

The epidemiological approach employed in the present study enabled
identification of several risk factors for campylobacter colonization in broiler
flocks and allowed an assessment of their relative importance, thereby providing
a basis for a specific control strategy. A number of potential risk factors were not
found to be associated with colonization. It is important to emphasize that for
most of these variables the number of exposed flocks was too low to enable
detection of statistically significant associations except those with the highest
risk.
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Table 3. Multivariate analysis of risk factors for campylobacter colonization in
broiler flocks: Logistic regression model

Odds  95% Confidence

Risk factors ratio interval P value
Feeding the broilers undisinfected water 342 1-0-11-4 0-045
Tending other poultry before entering the house 6-43 17-247 0-007
Tending pigs before entering the house 4-86 1-1-214 0037
Geographic region (Hedmark ». Ostfold county) 2-91 1-2-73 0023
Season (autumn v. other seasons) 343 1-4-86 0-008
Presence of rats on the farm 3-96 0-8-18-8 0-083

Although some broiler chicken flocks have been shown to escape campylobacter
colonization, many surveys have demonstrated that campylobacter is commonly
encountered in the intestinal contents of healthy poultry [1]. In the present
investigation, the bacteria were recovered from only 18 % of the flocks. Among the
factors which may contribute to this low prevalence rate are the reasonably good
hygienic standard and the low stocking rates. However, the number of birds
sampled was small relative to the size of the flocks monitored, and the possibility
that some colonized flocks may have been missed cannot be excluded. On the other
hand, with a sample size of 26-28 randomly selected chickens per flock. there is a
95 % probability of detecting at least one positive individual if the percentage of
colonized chickens is 10 % or higher. The low prevalence of flock colonization is in
agreement with the results of a recent case-control study designed to identify risk
factors for sporadic human cases of campylobacter infection in southeastern
Norway [7]. Although poultry consumption during the 2 weeks prior to illness was
found to be independently associated with campylobacteriosis, the risk of eating
poultry was largely accounted for by consumption of poultry produced in
Denmark or Sweden, while eating poultry in Norway was not significantly
associated with illness.

Chicks challenged experimentally with campylobacter-contaminated water
become rapidly colonized [11]. The water supply was identified as the predominant
source of C. jejuni on a broiler farm in southern England [25]. In the present
study, feeding the chickens undisinfected water was associated independently
with an increased risk of campylobacter colonization. It should be emphasized,
however, that Norway is different from many other European countries in that
undisinfected surface water is not infrequently used on agricultural premises. The
possibility that water may act as a vehicle of transmission is supported by a recent
investigation which showed that surface water sources in southeastern Norway
are frequently contaminated by Campylobacter spp. [32]. The prevalence of
campylobacters in surface water was greater in the autumn (32], and since a
parallel seasonality was observed in the prevalence of colonized chicken flocks
(Fig. 1), it is tempting to suggest that the peak prevalence among chicks
corresponded with an increase in the occurrence of the organism in their drinking
water. However, water disinfection and seasonality were independently associated
with campylobacter colonization in the multivariate model. This implies that
there are likely to be factors in addition to water quality which account for the
seasonal trend. A seasonal variation in the isolation of Campylobacter spp. from
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poultry and poultry products, with a peak during the warm seasons, have been
noted in several countries [17, 22, 33].

Although campylobacter colonization was found to be associated with
consumption of undisinfected water, Campylobacter spp. were only occasionally
recovered from the water supply on colonized farms. This apparent discrepancy
may be explained by the presence of viable but non-culturable campylobacter cells
in water [24, 25, 33], or by the fact that the water samples were collected several
weeks after slaughter. Moreover, the number of campylobacters present, if any,
may have been too low to be detected by the culture technique used.

Campylobacter is known to be a common intestinal commensal in pigs [1],
including those slaughtered in Norway [35]. Likewise, the presence of campylo-
bacters in Norwegian poultry, including laying hens, turkeys, and broiler chickens
has been documented previously {36]. Thus, the finding that contact with other
poultry and pigs was associated with an increased risk of campylobacter
colonization in broiler flocks was not unexpected. This emphasizes the need for
strict hygienic routines when the farm workers enter the rearing room and
supports the suggestion that stringent hygiene barriers are required to prevent
colonization during the rearing period [10-12, 17]. Since campylobacters tend to
die out rather than multiply in the environment under normal ambient conditions,
transmission of the organism to subsequent flocks in the same house is probably
interrupted by efficient cleaning and disinfection before restocking [11, 17, 18].
Insufficient routines for cleaning and disinfection were not associated with an
increased risk of campylobacter colonization in our study. However, the number
of flocks exposed to these factors was small. Moreover, a majority of the farms
used long empty periods between flocks, a practice which promotes a decline in
campylobacter numbers regardless of disinfection procedures.

The failure to demonstrate a relationship between campylobacter colonization
and reduced productivity or disease, is in accordance with experimental findings
which indicate that campylobacter is usually a non-pathogenic commensal in the
gastrointestinal tract of chickens [11, 37].

Based on the results, the following preventive measures are likely to have the
greatest impact on the occurrence of campylobacter in broiler chicken flocks in the
study area: (i) disinfection of drinking water supplies, and (ii) emphasis on
hygienic routines when entering the chicken room, especially after contact with
other poultry or pigs. Two of the risk factors found to be associated with the
presence of campylobacter were uncommon; contact with other poultry or pigs
was found in only 10% and 6% of the flocks, respectively. The fact that these
factors remained independently associated with campylobacter colonization in the
multivariate model reinforces their importance, but implies that they would
explain only a small part of the campylobacter problem. In contrast, undisinfected
water was used more commonly (67 %). Therefore, proper disinfection of drinking
water is the single most important measure. About 53% of the cases of
campylobacter colonization could potentially be prevented by proper disinfection
of drinking water (population attributable fraction = 0-53).

https://doi.org/10.1017/50950268800056958 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800056958

254 . KAPPERUD AND OTHERS

ACKNOWLEDGEMENTS
We thank Elling Oudenstad, Johan Martin Syversen, Morten Henriksen and

Monica Johnsen for performing the interviews.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

REFERENCES

. Blaser MJ, Taylor DN, Feldman RA. Epidemiology of Campylobacter jejuni infections.

Epidemiol Rev 1983; 5: 157-76.

. Butzler J-P, Skirrow MB. Campylobacter enteritis. Clin Gastroenterol 1979: 8: 737--65.
. Doyle MP. Campylobacter in foods. In: Butzler J-P, ed. Campylobacter infections in man and

animals. Boca Raton, Florida: CRC Press Inc. 1984: 163-80.

. Stern NJ. Kazmi SU. Campylobacter jejuni. In: Doyle MP. ed. Foodborne bacterial

pathogens. New York: Marcel Dekker Inc, 1989: 71-110.

. Deming MS. Tauxe RV, Blake PA, et al. Campylobacter enteritis at a university:

transmission from eating chicken and from cats. Am J Epidemiol 1987; 126: 526-34.

. Hopkins RS. Olmsted R, Istre GR. Endemic Campylobacter jejuni infection in Colorado:

identified risk factors. Am J Publ Hlth 1984 ; 74: 249-50.

. Kapperud G, Skjerve E, Bean NH, Ostroff SM, Lassen J. Risk factors for sporadic

Campylobacter infections: results of a case-control study in southeastern Norway. J Clin
Microbiol 1992; 30: 3117-21.

. Norkrans G, Svedhem A. Epidemiological aspects of Campylobacter jejuni enteritis. J Hyvg

1982; 89: 163-70.

. Oosterom J, den Uyl CH, Bénffer JRJ, Huisman, J. Epidemiological investigations on

Campylobacter jejuni in households with a primary infection. J Hyg 1984; 92: 325-32.
Lindblom G-B, Sjégren E, Kaijser B. Natural campylobacter colonization in chickens
raised under different environmental conditions. J Hyg 1986; 96: 385-91.

Shanker S, Lee A, Sorrell TC. Horizontal transmission of Campylobacter jejuni amongst
broiler chicks: experimental studies. Epidemiol Infect 1990; 104: 101-10.

Sjogren E, Kaijser B. Serotyping studies of campylobacter from naturally colonized
chickens. Epidemiol Infect 1989; 102: 215-9.

Myszewski MA, Stern NJ. Influence of Campylobacter jejuni cecal colonization on
immunoglobulin response in chickens. Avian Dis 1990; 34: 588-94.

Stern NJ, Meinersmann RJ, Dickerson HW. Influence of antibody treatment of
Campylobacter jejuni on the dose required to colonize chicks. Avian Dis 1990: 34: 595-601.

. Schoeni JL, Doyle MP. Reduction of Campylobacter jejuni colonization of chicks by cecum-

colonizing bacteria producing anti-C. jejuni metabolites. Appl Environ Microbiol 1992; 58:
664-70.

Stern NJ, Meinersmann RJ, Cox NA, Bailey JS, Blankenship LC. Influence of host lineage
on cecal colonization by Campylobacter jejunt in chickens. Avian Dis 1990; 34: 602-6.
Berndtson E, Engvall A. Epidemiological studies of factors affecting the occurrence of
campylobacters in broiler farms. In: Ruiz-Palacios GM, Calva E, Ruiz-Palacios BR, eds.
Campylobacter V. Proceedings of the fifth international workshop on Campylobacter
infections. Puerto Vallarta, Mexico: 1989; 61-2.

van de Giessen A, Mazurier S-1, Jacobs-Reitsma W, Jansen W, Berkers P, Ritmeester W',
Wernars K. Study on the epidemiology and control of Campylobacter jejuni in poultry
broiler flocks. Appl Environ Microbiol 1992; 58: 1913-7.

Izat AL, Gardner FA. Incidence of Campylobacter jejuni in processed egg products. Poultry
Sci 1988; 67: 1431-5.

Neill SD, Campbell JN, O’Brien JJ. Egg penetration by Campylobacter jejuni. Avian Pathol
1985; 14: 313-20.

Shanker S, Lee A, Sorrell TC. Campylobacter jejuni in broilers: the role of vertical
transmission. J Hyg 1986; 96: 153-9.

Annan-Prah A, Janc M. The mode of spread of Campylobacter jejuni/coli to broiler flocks.
J Vet Med B 1988; 35: 11-8.

Kazwala RR, Collins JD, Hannan J, Crinion RAP, O’Mahony H. Factors responsible for

https://doi.org/10.1017/50950268800056958 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800056958

36.

37.

Campylobacter in broilers 255

the introduction and spread of Campylobacter jejuni infection in commercial poultry
production. Vet Rec 1990: 126: 305-6.

Pearson AD. Colwell RR. Rollins DM. et al. Transmission of C. jejuni on a poultry farm.
In: Kaijser B. Falsen E. eds. Campylobacter IV. Proceedings of the fourth international
workshop on Campylobacter infections. Goteborg, Sweden: 1988; 281-4.

5. Pearson AD. Greenwood M. Healing TD. Rollins D, Shahamat M, Donaldson J. Colwell

RR. Colonization of broiler chickens by waterborne Campylobacter jejuni. Appl Environ
Microbiol 1993; 59: 987-96.

. Kapperud G. Aasen S. Descriptive epidemiology of infections due to thermotolerant

Campylobucter spp. in Norway, 1979-1988. Acta Path Microbiol Immunol Scand 1992: 100:
883-90.

. Kapperud G. Lassen J. Ostroff SM. Aasen 8. Clinical features of sporadic Campylobacter

infections in Norway. Scand J Infect Dis 1992; 24: 741-9.

28. Norwegian Standards Association. Water analysis. Techniques for quantitative deter-

mination of microorganisms in water. sediments, and sewage sludge (NS 4790). (In
Norwegian). Norwegian Standards Association, Oslo. Norway. 1989.

. Smilbert RM. Genus Campylobacter Sebald and Véron 1963. In: Krieg NR. Holt JG, eds.

Bergey's manual of systematic bacteriology: vol 1. Baltimore: Williams & Wilkins. 1984 ;
111-8.

. Skirrow MB. Benjamin J. Differentiation of enteropathogenic Cam pylobacter. J Clin Pathol

1980 33: 1122,

. Martin SW. Meek AH. Willeberg P. Veterinary epidemiology. Ames. Iowa: lowa State

University Press. 1987: 130.

2. Brennhovd . Kapperud G. Langeland G. Survey of thermotolerant Campylobacter spp. and

Yersinia spp. in three surface water sources in Norway. Int J Food Microbiol 1992; 15:
327-38.

. Harris XV. Thompson D, Martin DC. Nolan CM. A survey of Campylobacter and other

bacterial contaminants of pre-market chicken and retail poultry and meats. King County,

Washington. Am J Publ Hlth 1986; 76: 401-6.

. Rollins DM. Colwell RR. Viable but nonculturable stage of Campylobacter jejuni and its role

in survival in the natural aquatic environment. Appl Environ Microbiol 1986; 52: 531-8.

. Rosef O. Gondrosen B. Kapperud G, Underdal B. Isolation and characterization of

Campylobacter jejuni and Campylobacter coli from domestic and wild mammals in Norway.
Appl Environ Microbiol 1983; 46: 855-9.

Rosef O. Gondrosen B, Kapperud G. Campylobacter jejuni and Campylobacter coli as surface
contaminants of fresh and frozen poultry carcasses. Int J Food Microbiol 1984; 1: 205-15.
Stern NJ, Bailey JS, Blankenship LC, Cox NA, McHan F. Colonization characteristics of
Campylobacter jejuni in chick ceca. Avian Dis 1988; 32: 330-4.

https://doi.org/10.1017/50950268800056958 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800056958

