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Salmonella induces a wide spectrum of disease in
cattle ranging from inapparent subclinical infections to
acute fulminant bacteremia, endotoxemia, and death.
The variable manifestations of disease reflect the viru-
lence of different Salmonella serotypes and the influence
of challenge dose and host immunity. Many salmonella
infections reflect opportunistic infections of compromised
hosts. Strategies to prevent and manage salmonella
outbreaks should emphasize minimizing pathogen ex-
posure and maximizing host immunity.

The Salmonella Pool

There are over 2,200 reported serotypes of Salmo-
nella yet fewer than 2% of these account for
approximately 80% of the disease reported in livestock,
poultry, and humans." In cattle, over 95% of salmonella
associated with disease are in serogroups B, C, D, and
E. There is significant homology between the serotypes
isolated from livestock, poultry, and humans suggest-
ing all species are exposed to a common pool of
Salmonella. Epidemiological studies indicate significant
transmission of Salmonella between species.”* Human
salmonellosis is commonly linked to the consumption of
Salmonella contaminated beef, dairy, and poultry prod-
ucts.”® Human transmission of Salmonella to livestock
occurs sporadically when Salmonella infected individu-
als work with livestock™® and extensively when
Salmonella contaminated human effluent is released into
waterways used to irrigate livestock forage crops.”*

Disease outbreaks in livestock amplify environmen-
tal Salmonella contamination. Irrigation of crops with
Salmonella contaminated waste water contaminates for-
ages and watersheds maintaining the Salmonella
challenge to the herd and disseminating Salmonella
throughout the region.'*" Mammals, reptiles, birds, and
insects also disseminate Salmonella within and between
production units.*** Cattle dying of salmonellosis are
commonly rendered along with other by-products from
the livestock and poultry industries, and are converted
into animal feed. Although rendering is effective at kill-
ing Salmonella, post process contamination often leads
to significant (50% of lots tested) Salmonella adultera-
tion of rendered feed products.*

Adult Infections

Salmonella infections are most commonly acquired
through fecal oral and oral oral contamination via the
environment or fomites. The number of Salmonella re-
quired to produce clinical disease is dependent on the
virulence of the serotype and immunity of the host. The
infectious dose for healthy adult cattle is approximately
10°-10" Salmonella.””* When immunity is compromised
by concurrent disease, or physiological or dietary stress,
the infectious dose may be several hundred Salmonella.*

It is estimated that between 5 and 20% of feed fed
to dairy cows in the U.S.A. is contaminated with Sal-
monella.’® Healthy adult cattle normally tolerate small
numbers of Salmonella in feed and do not develop clini-
cal disease.” Although the number of Salmonella in feed
may initially be low, under appropriate moisture, tem-
perature, and pH conditions Salmonella replicate
approximately every 30 minutes.”” The resultant in-
crease in Salmonella numbers is exponential.
Salmonella outbreaks often reflect a series of events that
culminate in a large challenge dose and impaired host
immunity.

Salmonellosis in adult dairy cows commonly oc-
curs close to parturition and may be associated with
inter-current disease.’*” Immunity is depressed and
significant dietary changes occur in the periparturient
period, The growth of Salmonella in the rumen follow-
ing ingestion is influenced by dietary intake before and
after the organisms are ingested.”* Dry matter intake
may be depressed as much as 50% for the four days prior
to parturition.”” The growth of Salmonella in the rumen
is inhibited by high concentrations of volatile fatty ac-
ids and a low rumen pH (normal is 5.5-6.5).°**" Anorexia
is associated with low concentrations of volatile fatty
acids and a high rumen pH (approaching pH 7.5). Sal-
monella disappear rapidly from the rumen of regularly
fed cows, but maintain or increase their numbers when
feed intake is decreased or interrupted for one or more
days.”* Feeding after a period of starvation is associ-
ated with multiplication of Salmonella.’®* Following
parturition, dairy cattle are fed a high energy produc-
tion ration. Clinical and subclinical lactic acidosis are
common at this time. Disruption of normal fermenta-
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tion with the production of lactate favors the less fas-
tidious Salmonella, which multiplies rapidly using the
available substrate.’”® Qualitative dietary stress and di-
etary changes have been implicated as a predisposing
risk factor in Salmonella outbreaks in dairy cattle and
feedlot lambs.**** The incidence of clinical disease may
be reduced by manipulation of the ration formulation
and adjustment of feeding practices.*!

Salmonella shedding by clinically affected animals
exponentially amplifies Salmonella contamination of the
environment. Clinically affected animals may excrete
10° to 10" Salmonella per gram of feces.*’ Considering
cattle produce approximately 20-28 kilograms of feces
per day,* clinically affected cows may shed over 10"
Salmonella each day. As environmental Salmonella con-

tamination increases, the balance between challenge.

dose and herd immunity is tipped in favor of the patho-
gen. Clinically affected animals should be kept isolated
from the remainder of the herd. On intensive dry lot
dairies there are rarely adequate facilities to isolate clini-
cally ill animals. Post partum “fresh cows” and sick cows
(“hospital cows”) are commonly housed and milked to-
gether to facilitate milk management. This practice
effectively exposes cows to the largest challenge dose
when they are most susceptible to infection.

Salmonella outbreaks commonly last several
months. Resolution appears to reflect increasing herd
immunity in response to Salmonella exposure. Despite
resolution of clinical disease, Salmonella may continue
to cycle through the herd and persist in the environment.
Salmonella contamination of dairy and beef products con-
tinues even in the absence of clinical disease.*

Neonatal Infections

Immunity to Salmonella changes rapidly during
the first 3 months of life. At 2 weeks of age the LD, for
some virulent strains is 10° organisms,*® at 6-7 weeks
10", and at 12-14 weeks 10" organisms.47 In contrast,
administration of 10" Salmonella to 24-28 week old
calves failed to induce clinical signs of disease.*” Differ-
ent age predilections, manifestations of disease, and
virulence are observed between Salmonella serotypes
and between different strains of the same serotype.”*®

Calves on endemically infected farms are com-
monly exposed to Salmonella in the first few days of
life.** Salmonella exposure may occur via Salmonella
contaminated colostrum or milk, surface contamination
of teats and udder, personnel, equipment, or the envi-
ronment. Chronically infected Salmonella carriers may
shed 2.5 x 10° Salmonella in milk per day (25 kg of milk
containing 10° Salmonella per ml).”” Salmonella con-
tamination of colostrum and milk from periparturient
and sick cows is common on farms with endemic Salmo-
nella infections.* Pooling colostrum is associated with

poor passive transfer and increases the risk of exposing
calves to Salmonella. Outbreaks of salmonellosis in
calves are commonly associated with the feeding of
unrefrigerated “hospital” milk. Many cows clinically af-
fected with salmonella are shedding salmonella in milk
during their illness. Maternity pen management also
impacts the amount of environmental Salmonella con-
tamination calves are exposed to at birth. Feeding
utensils and personnel often play a significant role in
transmitting Salmonella between calves.”” Salmonella
infects the salivary glands and is shed in saliva and nasal
secretions.””” Adequate cleaning and disinfection of
feeding utensils is necessary to remove Salmonella con-
tamination. Salmonella is sensitive to most
disinfectants, but removal of contaminating organic
debris is imperative as the activity of disinfectants is
reduced by the presence of organic matter.”

Salmonella Vaccines

The observation that calves exposed to low doses
of virulent Salmonella are protected against subsequent
high dose virulent challenge®** suggests prevention of
salmonellosis via vaccination is possible. Salmonella
vaccine studies in cattle have focused on Salmonella
bacterins and attenuated modified live Salmonella.

Most of the Salmonella vaccines licensed for com-
mercial use in the United States are formalin
inactivated, aluminum hydroxide adjuvanted products.
The reported efficacy of Salmonella bacterins ranges
from good to ineffective.’***® The overall consensus of
these reports is that vaccination of cattle with Salmo-
nella bacterins provides partial protection against
Salmonella challenge. The absence of controls limits the
interpretation of empirical reports describing the ap-
plication of these vaccines in herd Salmonella control
programs.” Adverse reactions in the form of anaphy-
lactic reactions are occasionally reported in cattle
vaccinated with Salmonella bacterins.

There are a number of naturally occurring and ge-
netically manipulated attenuated Salmonella strains
that have been used to immunize cattle against
salmonellosis. The most widely tested modified live sal-
monella vaccines in cattle are the genetically altered
aromatic amino acid (aro) and purine (pur) auxotrophic
mutants.®® Comparative vaccine trials indicate modi-
fied live attenuated Salmonella vaccines provide greater
protection against virulent Salmonella challenge than
Salmonella bacterins.’®*"**" Induction of protective im-
munity with modified live Salmonella vaccines is dose
(size, number, and interval), route, and age dependent.
The frequency and magnitude of adverse reactions are
also dose, route, and age dependent. Protective immu-
nity can be induced in young calves with lower
inoculation doses than older calves and parenteral ad-
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ministration induces protective immunity with lower
doses than enteral administration.” Following oral ad-
ministration of attenuated modified live vaccines to
calves, the vaccine strain may be isolated from tissues
and feces for 14-21 days post vaccination. The capacity
of modified live Salmonella vaccines to persist in the
host is important for efficacy.””’ The extensive use of
antibiotics on some commercial calf raising facilities may
adversely impact the persistence and efficacy of modi-
fied live Salmonella vaccines.

Passive Protection via Colostral Transfer

The level of passive protection achieved via feed-
ing calves colostrum from vaccinated cows is
questionable. A number of reports suggest immune co-
lostrum provides passive protection and others report
no protective effect. The results of the different trials
may partly be explained by the study designs employed.
Immunization of pregnant cows with formalin-killed
Salmonella typhimurium 7 and 2 weeks prior to partu-
rition protected their calves against experimental S.
typhimurium challenge in the first week of life.” Feed-
ing colostrum at birth and then daily for the first 8 days
of life reduced mortality more than feeding colostrum
only at birth. No protective effect was observed when
calves were challenged at 3 weeks of age.”* Although
the duration of immunity associated with colostral trans-
fer may be short, calves are commonly exposed to
Salmonella in the first week of life so colostral protec-
tion may be useful. The impact of colostral transfer on
the development of acquired immunity to Salmonella
has not been evaluated.

Diagnostic Tools

Salmonella infections in cattle are traditionally di-
agnosed by isolating Salmonella from feces or tissues of
infected animals using a variety of enrichment media
and selective plating techniques. The sensitivity of cul-
ture techniques is affected by the methods employed.
Serotyping aids interpretation of Salmonella cultures.
Virulent Salmonella serotypes like S. dublin, S.
typhimurium, and S. montevideo are more likely to cause
primary infections in healthy cattle. Salmonella dublin
also commonly causes chronic Salmonella infections.
Chronic infections with other Salmonella serotypes have
been reported but are less common. Herd outbreaks in-
volving multiple obscure Salmonella serotypes
commonly reflect opportunistic infections of compro-
mised cattle or a large challenge dose associated with
heavy feed contamination. Isolation of Salmonella from
livestock indicates a potential public health risk. The
implications for herd and individual cow health are of-
ten less clear. Isolation of Salmonella from animals

displaying clinical signs of salmonellosis suggests a
causal relationship, however Salmonella may also be
isolated from apparently healthy animals. To define the
true Salmonella infection status of apparently normal
cattle it is necessary to perform multiple cultures over
a 3 - 6 month period to distinguish convalescent ani-
mals from chronically infected Salmonella carriers and
passive carriers.

A number of highly sensitive PCR techniques have
been developed to detect Salmonella in biological
samples.”™ The high cost of PCR currently limits the
practical application of this technology.

An alternative strategy for diagnosing Salmonella
infections is to evaluate the hosts immune response to
Salmonella antigens. A number of serological and other
immunological tests have been developed to identify
Salmonella infected cows. The enzyme linked
immunosorbent assays (ELISA) have the greatest sen-
sitivity. Serology may be used to evaluate the Salmonella
infection status of herds or individual cows. The speci-
ficity of the test is determined by the plate antigen
employed. Application of Salmonella LPS as a plate
antigen provides a serogroup specific test. As a popula-
tion management tool Salmonella ELISA serology has
been used to identify Salmonella infected herds®*® and
as an epidemiological tool to identify events in the pro-
duction cycle associated with Salmonella exposure.
Salmonella ELISA serology has also been used to iden-
tify individual S. dublin carriers.””* In this capacity
ELISA serology has been used to erradicate S. dublin
from an endemically infected herd.” Calves younger
than 12 weeks of age do not produce a strong antibody
response to Salmonella LPS limiting the application of
serology to older cattle.

The different diagnostic modalities; culture, serol-
ogy, and PCR provide complementary information and
are best applied together during the investigation of Sal-
monella disease outbreaks. Salmonella cultures allow
identification of the specific Salmonella serotypes in-
volved in the outbreak and provides an isolate for
preparation of an autogenous bacterin. Cultures of the
environment, feed, rodents, and water identifies sources
and reservoirs of infection. Repetitive Salmonella cul-
tures are financially limiting restricting the use of fecal
cultures to define the infection status of the herd. ELISA
serology provides an economical means of screening the
population or cohorts of the population to determine
what facilities or events are associated with Salmonella
exposure. In the case of S. dublin, ELISA serology is
also useful for identifying Salmonella carriers. If auto-
mated PCR techniques become available they will be
useful for defining the Salmonella infection status of
herds and will provide a means of monitoring the effec-
tiveness of Salmonella control programs.
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Treatment

Common clinical signs associated with
“salmonellosis” include fever, diarrhea, anorexia, de-
pressed mentation, and dehydration. Many of the clinical
signs are associated with endotoxemia induced by the
lipid A component of lipopolysaccharide. Systemic signs
of endotoxemia include, fever, tachypnea, tachycardia,
scleral injection, leukopenia / leukocytosis, weakness,
and ruminal stasis. Some serotypes particularly S.
typhimurium have a tendency to induce severe inflam-
mation of the bowel mucosa resulting in dysentery, and
passage of fibrin and mucosal casts. Fluid, electrolyte,
and protein loss may progress rapidly and become life
threatening. Fluid therapy should be instituted to cor-
rect fluid and electrolyte deficits, non steroidal
anti-inflammatory drugs administered to block the ef-
fects of endotoxin, and antibiotics administered to treat
the associated bacteremia. Controversy surrounding the
use of antimicrobials for treating salmonellosis origi-
nates from the human literature. In contrast to human
salmonellosis, bovine salmonellosis is more commonly
associated with systemic infections. Antimicrobial se-
lection should be based on the sensitivity of the
organisms isolated. High mortality despite treat-
ment is most commonly associated with
inadequate or inappropriate fluid therapy.

Summary

Salmonella commonly behaves as an opportunis-
tic pathogen of cattle. The determinants of outcome in
the host pathogen interaction are host immunity and
pathogen dose and virulence. Healthy adult cattle are
resistant to salmonella infections, disease is commonly
associated with compromised immunity due to nutri-
tional stress, other infectious diseases, or intoxications.
Control strategies should be directed at alleviating con-
current stressors, minimizing pathogen exposure, and
maximizing host immunity.

References

1. National Veterinary Services Laboratories. Salmonella and Ari-
zona Serotypes From Animals and Related Sources for the Fiscal Year
1994-1995. 2. Chengappa MM, Staats J, Oberst RD, et al. Preva-
lence of Salmonella in raw meat used in diets of racing greyhounds. /
Vet Diagn Invest 1993;5:372-7. 3. Morse EV, Kersting KW, Smith
LE, Jr., et al. Salmonellosis: possible transmission from horse to hu-
man to dog of infection. Am o Public Health 1978,68:497-9. 4. Morse
EV, Duncan MA, Baker JS, et al. The status of bovine salmonellosis—
prevalence and epizootiology, with public health, clinical and control
aspects. Proc Annu Meet U S Anim Health Assoc 1975:41-9. 5. D’Aoust
JY, Warburton DW, Sewell AM. Salmonella typhimurium phage type
10 from cheddar cheese implicated in a major Canadian foodborne
outbreak. JJ. Food Prot 1985;48:1062. 6. Holmberg SD, Wells JG,
Cohen ML. Animal-to-man transmission of antimicrobial-resistant
Salmonella: investigations of U.S. outbreaks, 1971-1983. Science
1984;225:833-5. 7. Lecos C. Of microbes and milk: probing America’s

worst Salmonella outbreak. FDA Consumer 1986;20:18. 8. Hedberg
CW, Korlath JA, D’Aoust JY, et al. A multistate outbreak of Salmo-
nella javiana and Salmonella oranienburg infections due to
consumption of contaminated cheese. JAMA 1992;268:3203-
3207. 9. Brooks DK. Inseminators as vectors of Salmonella dublin.
British Medical Journal 1980;280:1189. 10.Williams E. Veterinary
surgeons as vectors of Salmonella dublin. British Medical J
1980;280:815-818. 11. Kinde H, Adelson M, Ardans A, et al. Human
sewage plant effluents yield Salmonella enteritidis phage type 4 along
with other serotypes. Proceedings 100th Annual Meeting, United States
Animal Health Association, Arkansas 1996. 12. Hall GA, Jones PW.
A study of the susceptibility of cattle to oral infection by salmonellas
contained in raw sewage sludge. J Hyg (Lond) 1978;80:409-
14. 13. Nabbut NH, Barbour EK, Al-Nakhli HM. Salmonella species
and serotypes isolated from farm animals, animal feed, sewage, and
sludge in Saudi Arabia. Bull World Health Organ 1982;60:803-
7. 14. Jones PW, Rennison LM, Lewin VH, et al. The occurrence
and significance to animal health of salmonellas in sewage and sew-
age sludges. J Hyg (Lond) 1980;84:47-62. 15. Williams BM.
Environmental considerations in salmonellosis. Veterinary Records
1975:318-321. 16. Jones PW. Animal health today - problems of large
livestock units. Disease hazards associated with slurry disposal. Brit-
ish Veterinary Journal 1980;136:529-542. 17. Bishop JR, Bodine AB,
Janzen JJ. Effect of ambient environments on survival of selected
bacterial populations in dairy waste solids. J Dairy Sct 1980;63:523-
5. 18. Jones PW. Health hazards associated with the handling of
animal wastes. Vet Rec 1980;106:4-7. 19. Jack EJ, Hepper PT. An
outbreak of Salmonella typhimurium infection in cattle associated
with the spreading of slurry. Vet Rec 1969;84:196-9. 20. Tablante N,
Jr., Lane VM. Wild mice as potential reservoirs of Salmonella dublin
in a closed dairy herd. Canadian Veterinary Journal 1989;30:590-
592. 21. Williams BM, Richards DW, Lewis J. Salmonella infection
in the herring gull (Lans argentatus). Vet Rec
1976;98:51. 22. Bidawid SP, Edeson JF, Ibrahim J, et al. The role of
non-biting flies in the transmission of enteric pathogens (Salmonella
species and Shigella species) in Beirut, Lebanon. Ann Trop Med
Parasitol 1978;72:117-21. 23. Stork MG. The epidemiological and
economic importance of fly infestation of meat and milk producing
animals in Europe. Vet Rec 1979;105:341-3. 24. Klowden MJ,
Greenberg B. Effects of antibiotics on the survival of Salmonella in
the American cockroach.J Hyg (Lond) 1977;79:339-45. 25. Klowden
MJ, Greenberg B. Salmonella in the American cockroach: evaluation
of vector potential through dosed feeding experiments. J Hyg (Lond)
1976;77:105-11. 26. Davies LE. Salmonella reduction program of ani-
mal protein producers industry. USAHA 90th, Kentucky 1986:368-373
1986. 27. Smith BP, Oliver DG, Singh P, et al. Detection of Salmo-
nella dublin mammary gland infection in carrier cows, using an
enzyme-linked immunosorbent assay for antibody in milk or serum.
Am J Vet Res 1989;50:1352-60. 28. Jones PW. Salmonellosis. in Bo-
vine medicine: diseases and husbandry of cattle ed A.H. Andrews,
Blowey, R.W., Boyd, H., Eddy R.G. Oxford ; Boston ; Blackwell Scien-
tific Publications ; St Louis, Mo. 1992:181-193. 29. Grau FH,
Brownlie LE, Smith MG. Effects of food intake on numbers of
salmonellae and Escherichia coli in rumen and faeces of sheep. J Appl
Bacteriol 1969;32:112-7. 30. Hancock D, Dargatz D. Implementa-
tion of HACCP on the Farm. Hazard Analysis and Critical Control
Point (HACCP) Symposium,75th Conference of Research Workers in
Animal Diseases, Chicago, IL 1995. 31. Chiu MM. Effects of pH,
salt, and temperature on growth of Salmonella typhimurium. Mas-
ters Thesis, University of California, Davis 1974. 32. Robinson RA.
Salmonellosis in young calves. New Zealand Vet J 1966;14:33-
39. 33. Morisse JP, Cotte JP. Evaluation of some risks factors in
bovine salmonellosis. Vet Res 1994;25:185-91. 34. Brownlie LE, Grau
FH. Effect of food intake on growth and survival of salmonellas and
Escherichia coli in the bovine rumen. J Gen Microbiol 1967;46:125-
34. 35. Moodie EW, Robertson A. Dietary intake of the parturient
cow. Res. Vet. Sci. 1962;2:217. 36. Chambers PG, Lysons RJ. The
inhibitory effect of bovine rumen fluid on Salmonella typhimurium.
Res Vet Sci 1979;26:273-6.  37. Mattila T, Frost AJ, D OB. The growth
of salmonella in rumen fluid from cattle at slaughter. Epidemiology
and Infection 1988;101:337-345. 38. Frost AJ, D OB, Samuel JL.

SEPTEMBER, 1997

31

“uonnNgLISIP $$399. Uddo (SIQUONNIRIJ AUIAOY JO UONRIN0SSY UedLdwy WSLAdo) ©



The isolation of Salmonella spp from feed lot cattle managed under
different conditions before slaughter. Aust Vet J 1988;65:224-
5. 39. Grau FH, Brownlie LE, Roberts EA. Effect of some
preslaughter treatments on the Salmonella population in the bovine
rumen and faeces. J Appl Bacteriol 1968;31:157-63. 40. Glickman
LT, McDonough PL, Shin SJ, et al. Bovine salmonellosis attributed to
Salmonella anatum-contaminated haylage and dietary stress. J Am
Vet Med Assoc 1981;178:1268-72. 41. Pierson RE, Poduska PJ,
Cholas G, et al. Relationship of management and nutrition to
salmonellosis in feedlot lambs. J Am Vet Med Assoc 1972;161:1217-
20. 42. Kahrs RF, Bentinck-Smith J, Bjorck GR, et al. Epidemiologic
investigation of an outbreak of fatal enteritis and abortion associated
with dietary change and Salmonella typhimurium infection in a dairy
herd. A case report. Cornell Vet 1972;62:175-91. 43. De Jong H,
Ekdahl MO. Salmonellosis in calves - The effect of dose rate and other
factors on transmission. New Zealand Vet J 1965;13:59-
67. 44. Church DC. Digestive physiology and nutrition of ruminants,
ed 2, Corvallis, Ore, 1979, O & B Books. 45. Gay JM, Hunsaker
ME. Isolation of multiple Salmonella serovars from a dairy two years
after a clinical salmonellosis outbreak. J Am Vet Med Assoc
1993;203:1314-20. 46. Rankin JD, Taylor RJ. The estimation of doses
of Salmonella typhimurium suitable for the experimental production
of disease in calves. Veterinary Record 1966;78:706-707. 47. Segall
T, Lindberg AA. Experimental oral Salmonella dublin infection in
calves a bacteriological and pathological study. J Vet Med B
1991;38:169-185. 48. Walker RL, Williams EI. Salmonella dublin
infections in cattle in California. Proceedings of the Twenty Seventh
Annual Convention American Association of Bovine Practitioners,
Pittsburgh, Pennsylvania, USA, September 1994. 49. Robinson RA,
Loken KI. Age susceptibility and excretion of Salmonella typhimurium
in calves. J Hygiene 1968;66:207-216. 50. Hardman PM, Wathes CM,
Wray C. Transmission of salmonellae among calves penned individu-
ally. Veterinary Record 1991;129:327-329. 51. Richardson A, Fawcett
AR. Salmonella dublin infection in calves: the value of rectal swabs
in diagnosis and epidemiological studies. Br Vet J 1973;129:151-
6. 52. Nolan LK, Giddings CW, Boland EW, et al. Detection and
characterization of Salmonella typhimurium from a dairy herd in
North Dakota. Vet Res Commun 1995;19:3-8. 53. Jeffrey DJ. Chemi-
cals used as disinfectants: active ingredients and enhancing additives.
Rev Sci Tech 1995;14:57-74. 54. Smith BP, Habasha FG, Reina-
Guierra M, et al. Immunization of calves against salmonellosis. Am JJ
Vet Res 1980;41:1947-1951. 55. Aitken MM, Jones PW, Hall GA, et
al. Responses of fluke-infected and fluke-free cattle to experimental
reinfection with Salmonella dublin. Research in Veterinary Science
1981;31:120-126. 56. Steinbach G, Meyer H. Efficacy of subcutane-
ous inoculation of calves with “Murivac” inactivated salmonellosis
vaccine. Tierarztliche Praxis 1994;22:529-531. 57. Bairey MH. Im-
munization of calves against salmonellosis. Journal of the American
Veterinary Medical Association 1978;173:610-613. 58. Cameron CM,
Fuls W. Immunization of mice and calves against Salmonella dublin
with attenuated live and inactivated vaccines. Onderstepoort Jour-
nal of Veterinary Research 1976;43:31-37. 59. Aitken MM.
Salmonellosis-chemotherapy or vaccination. Irish Veterinary News
1986;18:3-8. 60. Aitken MM, Jones PW, Brown GTH. Protection of
cattle against experimentally induced salmonellosis by intradermal
injection of heat-killed Salmonella dublin. Res Vet Sci 1982;32:368-
373. 61. Robertsson JA, Lindberg AA, Hoiseth S, et al. Salmonella
typhimurium infection in calves: protection and survival of virulent
challenge bacteria after immunization with live or inactivated vac-
cines. Infection and Immunity 1983;41:742-750. 62. Baljer G,
Hoerstke M, Dirksen G, et al. Efficacy of a local and/or parenteral
immunization against salmonellosis in calves with inactivated vac-
cines. Journal of Veterinary Medicine, B Infectious Diseases,
Immunology, Food Hygiene, Veterinary Public Health 1986;33:206-
212. 63. Hunter AG, Peek IS. Vaccination control of an outbreak of
Salmonella typhimurium infection in suckler cows and calves. Brit-
ish Veterinary Journal 1977;133:239-244. 64. Sigwart DF, Stocker
BA, Clements JD. Effect of a purA mutation on efficacy of Salmonella
live-vaccine vectors. Infect Immun 1989;57:1858-61. 65. Stocker BA.
Auxotrophic Salmonella typhi as live vaccine. Vaccine 1988;6:141-
5. 66. Mukkur TKS, McDowell GH, Stocker BAD, et al. Protection

against experimental salmonellosis in mice and sheep by immunisation
with aromatic-dependent Salmonella typhimurium. J Med Microbiol
1987;24:11-19. 67. Brown RF, Stocker BA. Salmonella typhi 205aTy,
a strain with two attenuating auxotrophic characters, for use in labo-
ratory teaching. Infect Immun 1987;55:892-8. 68. McFarland WC,
Stocker BA. Effect of different purine auxotrophic mutations on mouse-
virulence of a Vi-positive strain of Salmonella dublin and of two strains
of Salmonella typhimurium. Microb Pathog 1987;3:129-
41. 69. Smith HW. The immunization of mice, calves, and pigs
against Salmonella dublin and Salmonella cholerae-suis infections.
J Hygiene 1965;63:117-135. 70. Baljer G, Hoerstke M, Dirksen G,
et al. Comparative studies of the effectivity of oral immunization with
heat-inactivated and live, avirulent (Gal E-) S. typhimurium bacteria
against salmonellosis in calves. Zentralbl Veterinarmed [B]
1981;28:759-66. 71. Smith BP, Reina-Guerra M, Stocker BA, et al.
Aromatic-dependent Salmonella dublin as a parenteral modified live
vaccine for calves. Am oJJ Vet Res 1984;45:2231-2235. 72. Collins FM.
Cross-protection against Salmonella enteritidis infection in mice. J
Bacteriol 1968;95:1343-9. 73. Collins FM. Recall of immunity in mice
vaccinated with Salmonella enteritidis or Salmonella typhimurium.
o Bacteriol 1968;95:2014-21. 74. O’ Callaghan D, Maskell D, Liew
FY, et al. Characterization of aromatic- and purine-dependent Sal-
monella typhimurium: attention, persistence, and ability to induce
protective immunity in BALB/c mice. Infect Immun 1988;56:419-23.

75.Jones PW, Collins P, Aitken MM. Passive protection of calves against
experimental infection with Salmonella typhimurium. Vet Rec
1988;123:536-41. 76. Lin CK, Tsen HY. Use of two 16S DNA tar-
geted oligonucleotides as PCR primers for the specific detection of
Salmonella in foods. J Appl Bacteriol 1996;80:659-66. 77. Sharma
KB, Arya SC. Detection of Salmonella typhi by nested PCR based on
the ViaB sequence [letter]. o  Clin  Microbiol
1995;33:3361. 78. Soumet C, Ermel G, Boutin P, et al. Chemilumi-
nescent and colorimetric enzymatic assays for the detection of
PCR-amplified Salmonella sp. products in microplates. Biotechniques
1995;19:792-6. 79. Hashimoto Y, Itho Y, Fujinaga Y, et al. Develop-
ment of nested PCR based on the ViaB sequence to detect Salmonella
typhi.J Clin Microbiol 1995;33:3082. 80. Stone GG, Oberst RD, Hays
MP, et al. Combined PCR-oligonucleotide ligation assay for rapid de-
tection of Salmonella serovars. J Clin Microbiol
1995;33:2888-93. 81. Bulte M, Jakob P. The use of a PCR-generated
invA probe for the detection of Salmonella spp. in artificially and natu-
rally contaminated foods. Int J Food Microbiol
1995;26:335-44. 82. Chevrier D, Popoff MY, Dion MP, et al. Rapid
detection of Salmonella subspecies I by PCR combined with non-ra-
dioactive hybridisation using covalently immobilised oligonucleotide
on a microplate. FEMS Immunol Med Microbiol 1995;10:245-
501. 83. Bej AK, Mahbubani MH, Boyce MJ, et al. Detection of
Salmonella spp. in oysters by PCR. Appl Environ Microbiol
1994;60:368-73. 84. Cano RJ, Rasmussen SR, Sanchez Fraga G, et
al. Fluorescent detection-polymerase chain reaction (FD-PCR) assay
on microwell plates as a screening test for salmonellas in foods.
Appl Bacteriol 1993;75:247-53. 85. Hoorfar J, Feld NC, Schirmer
AL, et al. Serodiagnosis of Salmonella dublin infection in Danish dairy
herds using O-antigen based enzyme-linked immunosorbent assay.
Can J Vet Res 1994;58:268-74. 86. Hoorfar J, Wedderkopp A. An en-
zyme-linked immunosorbent assay for screening of milk samples for
Salmonella typhimurium infection in dairy herds. Am J Vet Res
1995. 87.Hoorfar J, Lind P, Bitsch V. Evaluation of an O antigen
enzyme-linked immunosorbent assay for screening of milk samples
for Salmonella dublin infection in dairy herds. Can J Vet Res
1995;59:142-8. 88. Hoorfar J, Wedderkopp A. Enzyme-liked
immunosorbent assay for screening of milk samples for Salmonella
typhimurium in dairy herds. American Journal of Veterinary Research
1995;56:1549-1554. 89. Hoorfar J, Bitsch V. Evaluation of an O-an-
tigen ELISA for screening cattle herds for Salmonella typhimurium.
Vet Rec 1995;137:374-9. 90. House JK, Smith BP, Dilling GW, et al.
Enzyme-linked immunosorbent assay for serologic detection of Sal-
monella dublin carriers on a large dairy. Am J Vet Res
1993;54:1391-1399. 91. Nielsen BB, Vestergaard EM. Use of ELISA
in the eradication of Salmonella dublin infection. Proc. Salmonella
and Salmonellosis 1992;Ploufragan/Saint-Brieuc-France:220-224.

32

THE BOVINE PROCEEDINGS—NO. 30

“uonnNgLISIP $$399. Uddo (SIQUONNIRIJ AUIAOY JO UONRIN0SSY UedLdwy WSLAdo) ©



	aabp_1997_proceedings_0050
	aabp_1997_proceedings_0051
	aabp_1997_proceedings_0052
	aabp_1997_proceedings_0053
	aabp_1997_proceedings_0054

