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Introduction 

Salmonella infection and its clinical manifesta
tions, (Salmonellosis), are of very real concern to both 
the dairy and beef industries in Minnesota, both from 
the economic impact of the disease itself and also the 
human, or public health aspects. Both meat-associated1 

and milk and cheese2
•
3 associated outbreaks have been 

documented as occurring in the Midwest in the last de
cade. Obviously these incidents do not help promote the 
sale of animal products even though the actual fault 
may lie with the food processor or the consumer. 

How significant and widespread is Salmonella in
fections in cattle herds in Minnesota? In the following 
brief paper, I will attempt to put in perspective what we 
know and probably more important what we don't know 
about this perplexing and often elusive problem. 

Sources of Data on Clinical and Asymptomatic 
Infections in Minnesota 

For any infectious disease, accurate data on its 
prevalence and incidence is very dependent on the ac
curacy (sensitivity and specificity) of the tests available, 
both at the herd and individual animal level. Unfortu
nately with Salmonella infections we are still search
ing for the ultimate test. Given that there have been 
significant improvements in the availability of improved 
culture media for Salmonellas, together with some prom
ising biotechnological techniques, we are still limited in 
our ability to isolate and identify the bac:teria especially 
when they are present at low levels. Serological tests 
(primarily ELISA's) show promise particularly forcer
tain serotypes such as S . enteritidis in chickens and S. 
dublin in cattle. The type of specimen available for 
screening herds depends on the husbandry system. For 
example milk sox (filters) and drain swabs (were there 
is a milking parlor) have been used as a relatively crude 
technique to screen herds for the presence of Salmo
nella excreting cows. These techniques coupled with in-

tensive sampling of young calves probably represent the 
best com promise we currently have to assess the over
all herds status. Unfortunately the available tests lack 
sensitivity to measure the infection status of the indi
vidual animal particularly for movement purposes. A 
single negative test (fecal for example) has very limited 
value. Nevertheless taking these factors into consider
ation, our available data sources can be divided into 
random and non-random sources. 

( a) Random Studies of Asymptomatic Infection 

Only two bovine studies have been done in Minne
sota that the author is aware of and both involved calves. 
The first was carried out in 1980 by Opuda4 who, using 
fecal swabs, found only 13 out of 1,400 calves ( 1 % ap
proximately) (1-12 months of age, primarily males) posi
tive for Salmonellas (S. London, S. typhimurium, S. 
Litchfield, S . heidelberg and S. newport). A separate 
sample of 200 of these calves was followed through to 
slaughter and two isolates ( 1 % ) of S. typhimurium were 
made from the mesenteric lymph nodes. 

In 1991-92, the National Animal Health Monitor
ing System (NAHMS) undertook a 3-month study of74 
randomly selected herds in Minnesota. In addition a 
parallel study of 29 herds randomly selected from calf 
submissions to the Veterinary Diagnostic Laboratory 
were also monitored for three months. One component 
of this study involved sampling a proportion of calves 
under 8 weeks of age. During the study period Salmo
nella isolation isolates were recovered from 9/311 (0.29%) 
calves in the NAHMS herds and 3/155 (0.19%) isolates 
were recovered from the University study respectively. 

All the positive samples in the NAHMS study came 
from one herd, i.e. 1/74 (1.35%) herd infected while 3/27 
(11 %) University herd were positive. Interestingly 7 of 
the original University study herds were Salmonella 
positive based on laboratory isolations from live calf or 
necropsy materials. 

As mentioned earlier, the value of a single fecal 
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swab or sample to assess the Salmonella status of an 
individual animal is of limited value but nevertheless 
these results suggest that the prevalence of Salmonella 
sp. either at the herd level, or after commingling at 
market are not particularly high. This is in contradis
tinction to Cryptosporidium sp. for example, where the 
results of the NAHMS study (to be published) would 
suggest that, based on a number of samples taken, al
most all herds are infected. 

While there does not appear to have been any sys
tematic study of Salmonellas either in bulk raw milk or 
milk filters carried out in Minnesota, the FDA Center 
for Microbiological Investigations in Minneapolis re
ported in 1987 that Salmonellas were isolated from 32/ 
678 (4.7%) milk samples from bulk milk tanks in Wis
consin, Michigan and Illinois. 5 Canadian studies in 
Ontario have shown a cumulative incidence of9.0% per 
year on repeated monthly milk sampling and that the 
presence of Salmonella in bulk milk supplies is dy
namic. 6 While there are a number of published reports 
of persistent udder infection with various Salmonella 
sp. it is presumed that the majority of isolates in milk 
are the result of fecal contamination of the udder. 

(b) Non-Random Studies: Clinical Disease 

The primary source of information on clinical 
Salmonellosis is the State Veterinary Diagnostic Labo
ratory. Where a Salmonella sp. is isolated from live ani
mal specimens (primarily fecal samples or swabs) or 
necropsy material, this is submitted to the national Vet
erinary Services Laboratory at Ames, IA for confirma
tion, serotyping and phage-typing in certain cases. 
Together with the actual isolate, information on the 
owner's name and address, source animal species, num
ber of animals in the herd or flock, morbidity, mortality, 
age groups affected, and whether Salmonella were con
sidered to be primary or secondary infections is included. 
No distinction is made between beef or dairy. Obviously 
there are many possible biases in this database depend
ing in part on whether or not veterinarians decide to 
submit samples, or if they are consulted on individual 
cases. Nevertheless we believe that herd outbreaks usu
ally result in professional intervention so that while the 
NVSL Database cannot be considered as a randomly 
selected sample of cattle or herds in the U.S.A., it does 
represent the most comprehensive and consistent col
lection of data on bovine Salmonellas on a nationwide 
basis. 

A review of the descriptive epidemiology of Bovine 
17,488 Salmonella serotypes from (1982-1991) has re
cently been published.7 Of the 10 most common sero
types, S. typhimurium (38.7%) and S. dublin (16.8%) 
are, as expected, the most common serotypes, isolated 
from cattle. See Table 1. 
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Table 1. Ten Most Common Salmonella Serotypes 
Isolated from Cattle (1982-1991) 

SERQTYPE NUMBER QF ISQLATES (%) 

Typhimurium 4812 (27.5) 

Dublin 2933 (16.8) 

Typhimurium (variety Copenhagen) 1958 (11.2) 

Newport 771 (4.4) 

Anatum 669 (3.8) 

Montevideo 513 (2.9) 

Cerro 462 (2.6) 

SAL 9, 12:Nonmotile* 426 (2.4) 

Muenster 361 (2.1) 

Agena 275 (1.6) 

All other isolates ~ (24.7) 

TOTAL 17488 (100) 

*A serogroup D isolated which cannot be definitively identified as a recognized 
serotype. 

Data from the national study were also examined 
with respect to typical morbidity, mortality, and case 
fatality rates, age and serotype of Salmonella. While 
the overall morbidity was similar in both young and old 
animals, the mortality as expected was higher in the 
calves. Somewhat surprisingly although S. dublin is 
reputed to be more pathogenic for cattle than other se
rotypes, this is not borne out in the summary data as 
shown in Table 2. 

Table 2. Morbidity, Mortality and Approximate Case
Fatality Rate by Age Group and Type of Sal
monella (Source Ref. #7) 

AGE 

Type of Immature & Prenatal Mature & Mixed 
Salmonella 

Morbid Mortal Approx Morbid Mortal Approx 
(%) (%) Case (%) (%) Case 

Fatality(%) Fatality(%) 

S. mibimurium 13.3 7.3 55.8 12.3 3.5 28.5 

~ dublin & other 10.5 4.6 43.8 12.3 3.2 2.6 
Group D variants 

Other Salmonella 11.5 4.9 42.6 11.4 3.7 32.5 

All Salmonella 11.8 5.6 47.5 11.9 3.5 29.4% 

Data from 1983-1992 cattle isolates in Minnesota have been analyzed 
separately. The results are shown in Table 3. 

Table 3. Bovine Salmonella Isolations: Minn. Vet. 
Diag. Laboratory (1983-1992 Inclusive*) 

Non-motile All Group D Other 
Lilll2!i!! Group D ~ ~ S ll'llhiml!!:ium Salmonellas 

1983 2 .. .. 2 32 4 

1984 2 .. .. 2 23 1 

1985 1 .. .. 1 8 8 

1986 1 .. .. 1 5 5 

1987 .. .. .. 19 9 

1988 3 6 I 10 37 16 

l<JS'} 8 1 5 14 52 14 

1990 29 10 16 55 44 18 

1991 30 35 8 73 23 8 

1992 40 43 5 88 11 23 
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Note that these have been grouped into S. 
typhimurium, Group D Salmonellas (which includes S. 
dublin, S. enteritidis) and the so-called 9.,12 non-motile 
variants (which are almost certainly variants of S. 
dublin) and "other" Salmonellas. As can be seen, there 
has been dramatic increases in the Group D Salmonellas 
during the last decade, and currently these Salmonellas 
are the major causes ofbovine salmonellosis in this state. 
During this period, the number of bovine accessions to 
the laboratory has remained fairly constant at 7-8,000/ 
year so the increase is probably very real. 

S. dublin was first detected in California and has 
subsequently spread throughout much of the cattle rais
ing areas of the country. It was first detected in Minne
sota in 1980, when four outbreaks were recorded. 
Investigations at that time indicated that at least one 
of these initial outbreaks involved calves purchased from 
New York State. Since then it appears to have spread 
throughout many counties in Minnesota, presumably 
via movement of calves or adult animals. S. dublin is 
primarily a cattle associated serotype but sporadic iso
lates have been recorded in Minnesota from a cat, swine 
and lizards. 

Among the other group D Salmonellas, S. 
enteritidis, although primarily of concern to the poultry 
industry because of egg contamination, it does occasion
ally occur in cattle as shown in Table 2. The situation 
with the non-motile Group D Salmonellas is somewhat 
confusing. Inability to demonstrate the flagellar anti
gens makes precise identification impossible but in some 
instances following prolonged and repeated subculture, 
some isolates are confirmed as S. dublin or S. enteritidis. 
In some herds dual isolations of S. dublin and S. 
enteritidis or non-motile Group D's have been made, 
indicating either dual infections or some bacterial ge
netic changes. 

It is of interest that none of the random calf sam
pling programs detected the presence of S. dublin even 
though it could be argued that its occurrence now con
stitutes an "epidemic" in Minnesota. Presumably herd 
introductions occur when either recovered "carrier" or 
excreting animal is introduced or an animal incubating 
the infection. 

The major clinical syndromes associated with S. 
dublin and other Group D Salmonellas include:8 

(a) Enteric Form: -This is similar to disease caused 
by other Salmonellas with high fever, watery 
feces containing fibrin and, on necropsy, redden
ing of the intestinal mucosa, multifocal areas of 
mucosal erosion and adherent fibrin tags. 

(b) Respiratory Form: -This form is often seen and 
may confuse even experienced practitioners who 
would not normally include Salmonellosis in 
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their list of differentials for respiratory disease. 
Diarrhea may be absent or occur as a terminal 
event. On necropsy the lungs are heavy and wet, 
do not collapse and sero-sanguinous fluid exudes 
from the cut surfaces. Petechial and ecchymotic 
hemorrhages are seen on serosal surf aces. An 
interstitial pneumonia is present on histologi
cal examination. A few calves may also show 
icterus and yellowing of the liver. 

(c) Neurologic Form:-This is seen as a more chronic 
form of the disease than the enteric and respi
ratory forms. There may have been prior anti
biotic treatment and Salmonella may only be 
isolated from CNS. Recumbency, opisthotonos, 
and paddling are common signs. 

Survivors of calfhood S. dublin infections are of
ten unthrifty and may also exhibit signs and lesions of 
arthritis. Approximately 93% of S. dublin and other 
Group D Salmonellas in Minnesota have been made from 
calves and the remainder from adult animals. With re
gard to the latter it is important to note that abortion 
can occur. S. dublin has now become one of the leading 
causes of abortion in the United Kingdom following the 
eradication of brucellosis. 

There appears to have been a diminution in the 
occurrence of S. typhimurium infections in the last sev
eral years, while there has been an apparent increase 
in the occurrence of other serotypes, such as S. agona, 
S. montevideo, S. brandenburg, S. newbrunswick, S. 
newington, etc. Some of these serotypes are found as 
contaminants in meat and bone, which is increasingly 
being utilized as a source of by-pass protein in lactating 
dairy cattle. Specific links of these products have been 
difficult to establish although field investigations of one 
recent outbreak revealed S. mbandaka as cause of ill
ness in adult cows and the same organism being recov
ered from rendered animal fat component of their diet. 
It is worth noting that S. dublin other Group D 
Salmonellas and S. typhimurium are virtually never 
recovered from feed sources. 

The human health risks to farm workers and their 
families are obvious and should be emphasized whenever 
a practitioner is presented with a herd outbreak. A re
cent Canadian study investigated human fecal excretion 
of Salmonellas on dairy farms when Salmonellas had been 
isolated from the milk filters. Twenty two of 168 (13.1 %) 
individuals were positive and all had consumed unpas
teurized milk.9 Raw milk consumption, particularly where 
the very young, the elderly or the immunocompromised 
are involved should be avoided at all costs. Handwashing, 
changing of footwear and outer clothing prior to entering 
the home should be emphasized. 
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Summary 

Based on the limited random sampling of calves 
on farm, at market and at slaughter, the prevalence of 
excreting animals and infected herds appearsto be rela
tively low. However, based on Diagnostic Laboratory 
results, there has been a very significant tncrease in 
the number of calf-hood epidemics of salmonellosis in 
Minnesota during the last decade. Most of this increase 
can be ascribed to S. dublin and closely related Group 
D variants. As these Salmonellas are bovine-adapted, 
it is presumed that herd introduction occur when calves, 
or adult cattle are purchased or otherwise commingled. 
Current testing procedures are still limited in their abil
ity to determine both herd and individual animal sta
tus. 
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border and histological tests were performed. The calves 
from vaccinated cows survived the experimental infec

_tion after the ingestion of colostrum in spite of the fact 
that the calves from control dams died with diarrhea. 
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