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Abstract 

In a convenience sample of 100 feedlot operations (included in the United States Department 
of Agriculture: Animal and Plant Health Inspection Service 1994 Cattle on Feed Evaluation), up to 
25 cattle fecal samples were collected and tested for the presence of Salmonella from each of two 
pens (the pen which contained the most-recent arrivals, and the pen with cattle that had been on 
feed the longest). One or more Salmonella spp. were recovered from 38 (38.0%) of the 100 
feedlots, 52 (26.0%) of the 200 pens and 273 (5.5%) of the 4977 fecal samples collected. 
Multivariable logistic regression indicated that feeding tallow and feeding whole cottonseed or 
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cottonseed hulls within seven days prior to fecal sample collection was associated with an 
increased risk of finding Salmonella in a pen. Variables not found to be significantly associated 
with the detection of Salmonella in a pen included region, operation size, use of sprinklers, time 
on feed, type of cattle in the pen, number and concentration of cattle in a pen, feeding probiotics, 
and various other feeds. 0 1997 Elsevier Science B.V. 

Keywords: Salmonella; Cattle; Feedlot; Risk factors; National study; National survey 

1. Introduction 

Salmonella is one of the most-common food-borne pathogens (Roberts, 1988; Pacer 
et al., 1989). Economic losses associated with human SaZmoneUa infection are important 
(Todd, 1989; Sockett, 1991). Estimated costs associated with human salmonellosis are 
nearly one billion dollars annually in the United States alone (Roberts, 1988). The 
principle source of Salmonella infections appears to be contaminated food and food 
products (Bean and Griffin, 1990). From 1983 to 1987, Salmonella accounted for 28% 
of foodbome disease outbreaks and 45% of foodbome disease cases of known etiology 
in the United States (Bean and Griffin, 1990). Carrier animals represent one potential 
source of contamination for the final product. Beef, dairy, pork, poultry, and seafood 
products have been identified as food vehicles in outbreaks of SalmoneZZa (Bean and 
Griffin, 1990). In addition, Salmonella is an important pathogen to cattle (Richardson, 
1975; Williams, 1980). 

A number of investigators have examined the modes by which salmonellae are spread 
among cattle, and they have recommended a variety of management practices to reduce 
the risk of spreading Salmonella, including strict hygiene (such as thorough cleaning 
and disinfection); controlling vermin; adopting all-in all-out systems; making certain that 
animals have access only to fresh, uncontaminated water; avoiding feeds made from 
rendered products; and preventing the spread of slurry or manure close to the premises 
(Stott et al., 1975; Williams, 1980; Clegg et al., 1983; Tannock, 1983; Waltner-Toews et 
al., 1986; Pelzer, 1989; Oosterom, 1991). Salmonellae may also be spread by aerosols 
(Hardman et al., 1991), suggesting that ventilation and dust levels may be important in 
disease control. 

Stress or unhygienic practices encountered during transport may have an impact on 
Salmonella shedding in cattle (Frost et al., 1988; Oosterom, 1991; Lowry, 1993). 
Exposure to antibiotic drugs may also be a risk factor for the detection of Salmonella 
(Wray and Sojka, 1977; Hird et al., 1984; Spika et al., 1987; Pacer et al., 1989). In 
addition, feeding practices can influence the level of Salmonella shedding, either 
through contamination of the feed itself or through effects on the gastrointestinal 
environment (Allred et al., 1967; Stott et al., 1975; Jones et al., 1982; Tannock, 1983; 
Oosterom, 1991). 

A better understanding of factors that influence the carrier state and Salmonella 
shedding is needed. This study was a national cross-sectional study that measured 
associations between a variety of feeds and management practices and the recovery of 
Salmonella in cattle fecal samples in feedlot pens. Management and feeding factors 
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identified as potential risk factors for Salmonella shedding in feedlot cattle could 

generate hypotheses for further research in this area. 

2. Materials and methods 

The 1994 Cattle on Feed Evaluation (COFE) was designed to estimate the frequency 

of management practices among feedlots in the United States (Losinger et al., 1997). 
Producers were randomly selected to represent over 85% of the United States cattle on 

feed inventory (Losinger et al., 1997). Producer participation in the COFE was volun- 

tary. 
Collection of cattle fecal samples for Salmonella testing occurred from 3 October 

through 21 December 1994. A convenience sample of 100 feedlot operations with a 

capacity of holding 1000 or more cattle at one time was chosen from among the 
operations participating in the COFE. The scheduling of the collection of cattle fecal 

samples was based upon the anticipated volume that the USDA National Veterinary 
Services could manage. If a producer chose not to participate in the fecal collection 

portion of the COFE, the veterinary medical officer (VMO) offered participation to the 
next producer visited for the survey in his or her state. The visiting VMO collected cattle 

fecal samples from the ground in two pens per participating feedlot operation: the pen 
which contained the most recent arrivals (shortest-on-feed), and the pen which contained 
cattle that had been at the feedlot the longest (longest-on-feed). If more than one pen 

met either of these inclusion criteria, then one pen was selected using a random numbers 
table. No information was gathered on whether cattle within a pen had been present for 
different periods of time. Only pens containing cattle on feed for the slaughter market 
were eligible. Since pen floor samples were collected, the samples only reflect environ- 
mental (pen floor) rather than animal prevalence. 

The VMO selected 25 fresh moist fecal pats from the ground in the pens chosen. The 
VMO made an effort to ensure that the fecal pats were from as many different locations 

in the pen as possible. If fewer than 25 fresh moist fecal pats could be located, then the 
VMO took all available fresh moist fecal pats. Approximately 25 g of fecal material was 

collected from each fecal pat with a sterile tongue depressor and placed in a 50 ml sterile 
conical tube. The tubes were placed on ice packs and shipped overnight to the USDA 

National Veterinary Services Laboratories in Ames, Iowa. All samples were subse- 
quently processed for Salmonella recovery at the National Animal Disease Center in 
Ames, Iowa. 

In addition to operation management and health information gathered from the COFE 
questionnaire, the VMO collected information particular to the pen (for example, pen 
size, the number of cattle that had been sick or died since entry, the feeds given within 
the previous seven days, and the type of cattle, e.g. beef or dairy breeds, sex, and 

average weight). 

2.1. Laboratory techniques 

Approximately 1 g of feces from each sample was placed into each of two culture 
media: tetrathionate broth (Accumedia, Baltimore, Maryland) and GN Hajna broth 
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Table 1 
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Percentage of pens (and percentage of fecal samples) from which Salmonella was recovered by pen-level 
variables 

Pen-level variable Number of % pens with 

pens Salmonella 

% fecal 

samples with 

Salmonella 

Time on feed 

Shortest 100 21.0 

Longest 100 25.0 

Type of cattle in pen 

All female beef cattle 50 32.0 

All male beef cattle 106 24.5 

All dairy cattle 22 18.2 

Mixture of male orfemale beef and/ordairy cattle 22 27.3 

Number of cattle in pen b 

Cl00 69 21.7 

10X-200 86 31.4 

>200 45 22.2 

Square meters per head of canle 

< 20 102 29.4 

> 20 91 22.7 

Average weight al entry a 

<3OOkg 103 31.1 

>3OOkg 97 20.6 

All cattle known to have been born in a single herd (unknowns are in the No category) 

Yes 27 18.5 

No 173 21.2 

Cattle fed any antibiotics in the last 7 days 

Yes 94 24.5 

No 106 27.4 

Cattle fed probiotics in the last 7 days 

Yes 15 13.3 

No 18.5 27.0 

Cattle fed decoquinate in the last 7 days 

Yes 37 24.3 

No 163 26.4 

Cattle fed ionophores in the last 7 days 

Yes 155 23.9 

No 45 33.3 

Cattle fed urea in the last 7 days 

Yes 139 26.6 

No 61 24.6 

Cartle fed molasses in the last 7 days 

Yes 158 27.9 

No 42 19.1 

Cattle fed grain sorghum in the last 7 days a 

Yes 31 41.9 

No 169 23.1 

Cattle fed wheatjines/ mids in the last 7 days a 

Yes 30 36.1 

No 170 24.1 

3.5 

7.4 

7.8 

4.9 

2.6 

6.0 

4.9 

7.7 

2.2 

4.1 

6.9 

4.5 

6.4 

3.5 

5.8 

6.1 

5.0 

1.9 

5.8 

4.9 

5.6 

4.9 

7.4 

6.5 

3.3 

5.6 

4.9 

11.3 

4.4 

14.7 

3.9 
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Table 1 (continued) 

Pen-level variable Number of 

pens 

% pens with 

Salmonella 
% fecal 

samples with 

Salmonella 

Cattle fed meat or bone meal in the last 7 days 
Yes 54 29.6 
No 146 24.7 
Cattle fed soybean meal in the last 7 days 
Yes 55 23.6 
No 145 26.9 
Cattle fed alfalfa hay/ haylage in the last 7 days a 
Yes 159 22.6 
No 41 39.0 
Cattle fed corn silage in the last 7 days a 
Yes 90 18.9 
No 110 31.8 

Cattle fed forage sorghum hay/ silage in the last 7 days 
Yes 30 20.0 
No 170 27.1 
Cattle fed tallow in the last 7 days a 
Yes 75 40.0 
No 125 11.1 
Cattle fed byproducts (origin unspecified) in the last 7 days 
Yes 30 26.1 
No 170 25.9 
Cattle fed whole cottonseed in the last 7 days a 
Yes 11 45.5 

No 189 24.9 

Cattle fed cottonseed hulls in the last 7 days a 
Yes 39 53.9 

No 161 19.3 

Cattle fed cottonseed meal in the last 7 days a 
Yes 46 37.0 
No 154 22.7 
Cattle fed cottonseed whole or hulls in the last 7 days a 
Yes 44 52.3 
No 156 18.6 
Cattle fed cotronseed whole or meal in the last 7 days a 
Yes 52 40.4 
No 148 21.0 
Cattle fed cottonseed hulls or meal in the last 7 days a 
Yes 66 43.9 
No 134 17.2 
Cattle fed cottonseed whole, hull or meal in the last 7 days a 
Yes 69 44.9 
No 131 16.0 

7.1 

4.9 

5.4 
5.5 

5.2 
6.4 

3.9 
6.8 

3.5 
5.8 

9.0 
3.4 

3.3 
5.9 

12.7 

5.1 

11.2 
4.1 

12.4 

3.4 

11.9 

3.7 

13.6 

2.7 

11.9 

2.4 

12.6 

1.7 

a P < 0.20 (based on pen-level chi-squared test from the FREQ procedure of SAS), and therefore screened 

through to multivariable model. 

b One missing value. 
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(Accumedia). All cultures were incubated at 37°C. At 24 h, approximately 100 ~1 from 
the GN Hajna broth culture was transferred into Rappaport R-10 medium (GN-R) 
(Vassiliadis, 1983). At 48 h, approximately 100 pl from the tetrathionate broth culture 
was transferred into Rappaport R- 10 medium (T48-R). All GN-R and T48-R media were 
incubated overnight at 37”C, then plated onto brilliant green agar with sulfadiazine 

(BGS) (Difco, Detroit, Michigan). Additionally, the 24-h GN and 48-h tetrathionate 
broth cultures were also plated onto BGS. 

At 24 h, colonies having the typical appearance of Salmonella were picked and 

transferred to triple sugar iron and lysine iron agar slants, and incubated at 37°C. At 
24 h, presumptive positive isolates were serogrouped using serogroup specific typing 
sera (Difco), and then serotyped at the national veterinary services laboratories to 

confirm that the isolates were Salmonella spp. 

2.2. Statistical techniques 

If Salmonella was identified from at least one fecal sample from a pen, the pen was 
considered Salmonella positive. Management and nutritional factors hypothesized to be 

associated with Salmonella shedding were evaluated for their association with the 
detection of Salmonella in the feces of feedlot cattle. Information gathered on the 

general operation management practices was assumed to apply to the pens selected, 
although this could not have been absolutely guaranteed. 

A chi-squared test, using the SAS FREQ procedure (Statistical Analysis Systems 
Institute, Inc., 19901, was used to test for an association between each management and 
nutrition factor and pen Salmonella positivity. Variables associated with pen Salmonella 
positivity (P < 0.2) were considered for inclusion in a multivariable logistic regression 

model. The SAS CORR procedure (Statistical Analysis Systems Institute, Inc., 1990) 
was used to examine Spearman rank correlation coefficients (Hogg and Craig, 1978) 
among the screened factors to evaluate potential multicollinearity among the explanatory 

variables. Factors were categorized as in Table 1. Variables found to be highly 
correlated (I pi> 0.25) with shortest and longest time on feed were excluded from 
consideration in the multivariable models (for example, average current weight, days on 
feed, and cumulative percentage of cattle that had been sick). 

The DESCRIPT procedure of SUDAAN (Shah et al., 1996) was used to obtain means 
and standard error estimates for continuous variables for pens where cattle had been on 
feed the longest time and pens where cattle had been on feed the shortest time. State and 
operation identification number were identified as nested random effects. The procedure 
reduced bias in the standard-error estimates through taking into account the random 
effects inherent in the study design (Searle et al., 1992). T-tests were performed (using 
the estimated standard errors) to test for differences in the values of these continuous 
values between longest-on-feed and shortest-on-feed pens. 

The logistic regression available in SUDAAN (Shah et al., 1996) was used to build a 
multivariable logistic regression model. Observing a Salmonella-positive pen was the 
dependent variable. State and operation identification number were identified as nested 
random effects. Region was forced into the model to control for regional differences in 
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Salmonella shedding and management practices and to test for regional differences. A 

forward stepwise variable selection method (based on Wald’s P-values) was used to 

develop the final logistic regression model, and to identify explanatory variables (in 
addition to region) associated with observing a Salmonella-positive pen. A P-value of 
less than or equal to 0.05 was required to enter and remain in the model. 

3. Results 

Of 100 COFE participants initially offered the opportunity to take part in the 

SaZmonelZa prevalence portion of the study, six refused. Six substitutes were subse- 
quently recruited from among the other COFE participants within the same states. 

Table 2 lists the number of operations participating in the Salmonella prevalence 
portion of the COFE, by region and size (total cattle that entered the feedlot operation 
from 1 July 1993 to 30 June 1994). Most of the participants from the southern region 
were large operations. The northern region had mostly small operations. 

The number of cattle in a study pen ranged from 14 to 2000. 25 fecal samples were 

collected from 194 (97%) of the pens. For the other six pens, the number of fecal 
samples ranged from 14 to 20. A total of 4977 fecal samples were collected and cultured 
for Salmonella. SaZmoneZZa was identified in one or more samples from 38 of the 100 
participating feedlot operations and 52 (26.0%) of the pens. Salmonella was recovered 

from 273 (5.5%) of the fecal samples collected. 26 serotypes were identified. The five 

most common serotypes were S. anatum (27.9%), S. montevideo (12.9%), S. muenster 

(11.8%), S. kentucky (8.2%), and S. newington (4.3%). 

3.1. Univariable results 

Table 3 presents univariable results for region and operation level variables (from the 
COFE questionnaires). The P-values (computed from chi-squared tests) were used for 

Table 2 

Number of US beef feedlots where fecal samples were tested for Salmonella by region and number of cattle 

placed in feedlot operation from 1 July 1993 to 30 June 1994 

Region a Number of cattle placed in the feedlot operation from 1 July 1993 to 30 June 1994 

< 15000 15OOc-34999 35000+ 

n % n % n % 

Southern 6 18.2 9 21.3 18 54.5 
Middle 12 24.0 21 42.0 17 34.0 
Northern 16 94.1 0 0 1 5.9 
Total 34 34.0 30 30.0 36 36.0 

a Southern is Arizona, California and Texas; Middle is Colorado, Kansas, Nebraska and Oklahoma; Northern 

is Idaho, Iowa, Illinois, Minnesota, South Dakota and Washington. 
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Table 3 

Percentage of pens (and percentage of fecal samples) from which Salmonella was recovered by operation-level 

variables 

Operation level 

variable 

Number of 

operations 

% pens with 

Salmonella 

% fecal 

samples with 

Salmonella 

Region a 

Southern 

Middle 

Northern 

33 43.9 10.3 

50 21.0 4.1 

17 5.9 0.2 

Number of cattle placedfrom I July 1993 to 30 June 1994 a 

< 15000 34 11.8 

15000-34999 30 30.0 

35000+ 36 36.1 

2.8 

7.9 

6.0 

Sprinklers were used to control dust a,b 

Yes 64 

No 34 

33.6 7.6 

11.8 1.7 

Percentage of cattle that received an antibiotic injection as a preventive 

< 10% 67 23.9 

2 10% 33 30.3 

4.4 

7.7 

Percentage of cattle that received regular (not long-lasting) antibiotic injections (for treatment or prevention) a 

< 10% 60 21.7 4.2 
2 10% 40 32.5 7.4 

Percentage of cattle that received long-lasting antibiotic injections (for treatment or prevention) a 

< 10% 65 20.8 3.7 
z 10% 35 35.7 8.8 

a P < 0.20 (based on pen-level cm-squared test from the PPEQ procedure of SAS), and therefore screened 

through to multivariable model. 

b Two missing values. 

Table 4 
Comparisons between shortest-on-feed and longest-on-feed pens (all P(t) < 0.001) 

Shortest on feed Longest on feed 

Mean SE Mean SE 

Average current weight (kg) per head of cattle in pen 306.3 6.6 526.5 5.5 
Days on feed to date 7.9 1.4 185.0 5.5 
Percentage of cattle that had been sick and treated since receiving a 2.1 0.6 8.2 1.0 
Percentage of cattle that had died since receiving 0.1 0.1 1.4 0.3 

a One animal treated for several days for one condition counted as one animal. One animal treated for different 

conditions at different times was counted once for each occurrence. 
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Table 5 

Results of stepwise logistic regression for risk factors for detection of Salmonella from cattle fecal samples in 

feedlot Dens 

Variable/response Odds ratio 95% CI P 

Region (forced into model) 

Southern 

Middle 

Northern 

3.3 0.6-17.6 0.16 
2.9 0.9-9.6 0.08 

1.0 

Cattle fed whole cottonseed or cottonseed hulls in the last 7 days 

Yes 3.5 1.0-11.9 

No 1.0 

0.05 

Cattle fed tallow in the last 7 days 

Yes 2.3 1.0-5.2 0.05 

No 1.0 

variable screening purposes only. Table 1 lists the pen-level variables considered in the 
analysis. Pen Salmonella-positivity did not differ significantly between shortest-on-feed 
and longest-on-feed pens. However, the percentage of Salmonella-positive samples from 

longest-on-feed pens was more than twice that of shortest-on-feed pens. 
Table 4 shows differences in the values of certain variables between shortest-on-feed 

pens and longest-on-feed pens. Although many of these variables might be important in 
predicting Salmonella shedding, they were essentially inseparable from pen type (shor- 

test versus longest on feed) in the analysis. 
Days on feed ranged from 1 to 99 for the shortest-on-feed pens (with 75% of the 

shortest-on-feed pens having had cattle for 7 days or less, and 23% having had cattle for 
1 day). For the longest-on-feed pens, days on feed ranged from 30 to 416, with a median 
of 175 days. For three operations, days on feed for the shortest-on-feed pens were 
greater than 30 days (the minimum number of days for longest on feed pens). For four 

operations, days on feed for the longest-on-feed pens were less than 99 days (the 
maximum number of days for shortest-on-feed pens). The difference in days on feed 
between the two pens ranged from 18 to 413 days per operation, with a mean difference 
of 72.2 days and a median of 171 days. 

3.2. Multivariable results 

Salmonella was more likely to be identified in pens where either whole cottonseed or 

cottonseed hulls had been fed or where tallow had been fed within seven days prior to 
fecal sample collection, even when adjusted for region (Table 5). 

4. Discussion 

An important limitation of our study is that no work is known to have been done to 
demonstrate the sensitivity and specificity of the measure of Salmonella pen-prevalence 
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used here. By collecting a fixed number of fecal samples from pens, the pen-level 
sensitivity is probably reduced as pen size increases, resulting in the possibility of a 
misclassification bias. 

Fecal samples were taken from the shortest-on-feed pen and the longest-on-feed pen 
on the day of visit. In three feedlots, cattle had been in the shortest-on-feed pen longer 
than had cattle in some of the longest-on-feed pens in some of the other operations. In 

four feedlots, cattle had been in the longest-on-feed pens for a shorter period of time 
than had the cattle in some of the shortest-on-feed pens in some other operations. Some 
degree of overlap was inevitable given the study design. However, 97% of the 

shortest-on-feed pens had had cattle for 25 days or less, and 98% of the longest-on-feed 
pens had had cattle for 84 days or more. Thus, for the most part, the two types of pens 

were different in terms of number of days fed. 

Another limitation of our study is that the data contained no information on whether 
individual pens contained cattle that had arrived at different times. Thus, our study was 
not as well designed as that of Grau et al. (1968) to test specific hypotheses concerning 
the prevalence of SulmoneZZa in cattle through time. The primary objective of our study 
was to identify feeds and management practices potentially associated with the detection 
of Salmonella in cattle fecal samples collected from the floor of feedlot pens in the 

United States. More carefully controlled experiments would be required to demonstrate 
definitively that factors identified in our study were indeed the cause of the presence of 

Salmonella spp. in the cattle feces. 

Previous studies have shown an association between Salmonella shedding in cattle 
and stress or poor sanitation during transportation (Frost et al., 1988; Oosterom, 1991; 
Lowry, 19931, suggesting that cattle which had recently arrived may be more likely to 
shed Salmonella. In our study, longest-on-feed pens did not differ significantly from 
shortest-on-feed pens in the likelihood of recovery of Salmonella from pens. However, 
the average percentage of Salmonella-positive fecal samples was significantly larger in 
longest-on-feed pens. This may indicate that more cattle become infected with, or shed, 

the organism as the cattle are housed together over time. Grau et al. (1968) reported that 
the percentage of cattle with Salmonella spp. in the rumen at slaughter was greater the 
longer the period between leaving the farm and slaughter. The results of Grau et al. 
(1968) may suggest that the longer cattle are housed in SuZmoneZZu-contaminated places 
(such as feedlot pens), the more likely they are to become infected with Salmonella. 

From October to December (the period of fecal collection), the northern states are 
generally cooler than the southern states. As Salmonella multiplies optimally at 37°C in 

moist environments (Carter and Chengappa, 19901, regional climatic differences may 
play a role in the survival and multiplication of SuZmoneZZu in cattle feces. Thus, one 
might anticipate observing more Salmonella-positive samples and pens from the south- 
em states than from the northern states. Regional differences were also noted in the size 
of operations in the study, and, as most of the southern operations were large, one might 
have expected to see differences in SaZmoneZZa shedding by operation size (at least 
univariably). However, in the final model, neither region nor operation size were 
significant factors associated with the detection of Salmonella in feedlot pens. 

Aerosol transmission of Salmonella among calves has been demonstrated (Hardman 
et al., 1991). Sprinklers may be a factor in keeping feces moist longer, and may facilitate 
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the movement of Salmonella throughout a pen-potentially leading to greater numbers 

of animals positive for Salmonella. However, the use of sprinklers did not prove to be 

significant in the final model. 
Investigators have suggested that the exposure of food animals to antimicrobial drugs 

provides selective pressures resulting in the appearance and persistence of resistant 
strains of Salmonella (Wray and Sojka, 1977; Spika et al., 1987; Pacer et al., 1989). 
Hird et al. (1984) reported that use of parenteral antibiotics was a risk factor for the 
detection of Salmonella in horse feces. However, we did not conclude that antibiotic 
treatment was associated with Salmonella shedding. Furthermore, although the producer 
reported the percentage of cattle on the operation that typically received long-lasting 
antibiotic injections, we do not know how many (if any) of the cattle in the particular 
pens included in the study received long-lasting antibiotics. 

Probiotics were fed in too few pens in this study to evaluate their effect statistically. 
Some probiotics may reduce Salmonella through competitive exclusion or produce 
compounds that inhibit the growth of Salmonella (Chateau et al., 1993; Hinton et al., 

1993). In addition, probiotics may help restore the natural balance of the gastrointestinal 
microflora, which may be altered deleteriously by modern dietary or management 
influences such as excessive hygiene, antibiotic therapy, or factors that lead to stress 

(Fuller, 1989). Rendered products (e.g. bone, meat, fish and feather meal, and tallow) 
may be contaminated with Salmonella (Pelzer, 1989). In a national study, Allred et al. 
(1967) found that 3 1.07 + 2.18% of animal by-product feed was contaminated with 

Salmonella. 
Pens where cattle had been fed tallow (a rendering by-product) were much more 

likely to be Salmonella positive compared to pens where cattle had not been fed tallow. 
Most feedlot operations move cattle to high-concentrate, low-roughage diets as soon as 
is practical and will also include a fat source (such as tallow) to increase the energy 

density of the diets and improve feed efficiency (Huffman et al., 1992; Battle et al., 
1994). Jones et al. (1982) identified a vegetable fat in the diet of cattle as the source of 

Salmonella infection in some cattle. 
Salmonella has limited tolerance for elevated temperatures; the most heat resistant 

serotype has only minimal resistance at 65°C (Lowry, 1993). However, Salmonella 
suspended in fat with less than 10% moisture has greatly increased heat resistance 

(Guthrie, 1992; Lowry, 1993). Thus, feeds high in fat (such as tallow) may require 
higher temperatures and longer cooking time to kill all of the Sulmonellu. Although 
pelleting reduces the prevalence of SulmoneZZa in feeds (Stott et al., 1975), we collected 

no information on whether feeds had been pelleted. 
Feeding whole cottonseed or cottonseed hulls was associated with an increased risk 

of detection of Salmonella. In this study, cottonseed products were fed more in the 
southern region (where cotton is largely grown) than in the middle and northern regions. 
No feedlot operation in the northern states reported feeding cottonseed in any of the 
pens included in this study. 

O’Kelly (1984) reported hyperlipidemia (associated with aberrations of immune 
function) among cattle fed whole cottonseed. If feeding cottonseed impairs the immune 
function in cattle, one might anticipate diminished resistance to infectious diseases and 
increased Salmonella shedding among cattle fed cottonseed as seen in this study. 



242 W.C. Losinger et al. / Preventive Veterinary Medicine 31 (1997) 231-244 

Molds capable of synthesizing mycotoxins have been identified on cottonseed 
(Dickman and Green, 1992). Mycotoxins can impair immune functions and diminish 
resistance to infectious diseases (Lynch, 1972; Buening et al., 1982; Coulombe, 1993). 
Interactions between mycotoxins and Salmonella infections have been observed in a 
number of species (Siller and Ostler, 1961; Boonchuvit et al., 1975; Tai and Pestkan, 
1988). Coppock et al. (1987) noted that oilseeds and their meals provide an especially 
rich medium for growth of Aspergillusflavus, which produces aflatoxins. 

Lint is usually not completely removed from whole cottonseed fed to cattle, and 
contributes to the dietary fiber value of the cottonseed (Coppock et al., 1985). Lint- 
covered whole cottonseed or cottonseed hulls may be attractive to rodents. Rodents and 
birds have been identified as potential sources of Salmonella on farms (Pelzer, 1989). 
Information on the access of rodents, birds, and other potential Salmonella carriers to 
feeds was not collected during this study. 

Potential associations between various feeds and management practices and the 
recovery of Salmonella from pen floor fecal samples were examined in this national 
cross-sectional study. Feeding tallow and feeding whole cottonseed or cottonseed hulls 
within seven days prior to fecal collection were found to be positively associated with an 
increased risk of finding Salmonella in a pen. The results of this study may serve as a 
basis for further research on Salmonella infections on farms. 

References 

Allred, J.N., Walker, J.W., Beal, V.C. and Germaine, B.S., 1967. A survey to determine the Salmonella 

contamination rate in livestock and poultry feeds. J. Am. Vet. Med. Assoc., 151: 1857-1860. 

Bartle, S.J., Preston, R.L. and Miller, M.F., 1994. Dietary energy source and density: effects of roughage 

source, roughage equivalent, tallow level, and steer type on feedlot performance and carcass character- 

istics. J. Anim. Sci., 72: 1943-1953. 

Bean, N.H. and Griffin, P.M., 1990. Foodbome disease outbreaks in the United States, 1973-1987: pathogens, 

vehicles and trends. J. Food Prot. 53: 804-817. 

Boonchuvit, B., Hamilton, P.B. and Burmeister, H.R., 1975. Interaction of T-2 toxin with Salmonella 

infections of chickens. Poult. Sci., 54: 1693-1696. 

Buening, G.M., Mann, D.D., Hook, B. and Osweiler, G.D., 1982. The effect of T-2 toxin on the bovine 

immune system: cellular factors. Vet. Immunol. Immunopathol., 3: 41 I-417. 

Carter, M.E. and Chengappa, M.M., 1990. Enterbactetia. In: G.R. Carter and J.R. Cole (Editors), Diagnostic 

Procedures in Veterinary Bacteriology and Mycology. 5th edition, Academic Press, Inc., New York, pp. 

107-128. 

Chateau, N., Castellanos, I. and Deschamps, A.M., 1993. Distribution of pathogen inhibition in the Lactobacil- 
lus isolates of a commercial probiotic consortium. J. Appl. Bacterial., 74: 36-40. 

Clegg, F.G., Chiejina, S.N., Duncan, A.L., Kay, R.N. and Wray, C., 1983. Outbreaks of Salmonella newport 
infection in dairy herds and their relationship to management and contamination of the environment. Vet. 

Rec., 112: 580-584. 

Coppock, C.E., Lanham, J.K. and Homer, J.I., 1987. A review of the nutritive value and utilization of whole 

cottonseed, cottonseed meal and associated by-products by dairy cattle. Anim. Feed Sci. Technol., 18: 

89-129. 

Coppock, C.E., Moya, J.R., West, J.W., Nave, D.H., Labore, J.M. and Gates, C.E., 1985. Effect of lint on 
whole cottonseed passage and digestibility and diet choice on intake of whole cottonseed by Holstein cows. 

J. Dairy Sci., 68: 1198-1206. 



W. C. Losinger et al. / Preventive Veterinary Medicine 31 (1997) 231-244 243 

Coulombe, R.A., 1993. Biological action of mycotoxins. J. Dairy Sci., 76: 880-891. 

Dickman, M.A. and Green, M.L., 1992. Mycotoxins and reproduction in domestic livestock. J. Anim. Sci., 70: 

1615-1627. 

Frost, A.J., O’Boyle, D. and Samuel, J.L., 1988. The isolation of Salmonella spp from feed lot cattle managed 

under different conditions before slaughter. Aust. Vet. J., 65: 224-225. 

Fuller, R., 1989. Probiotics in man and animals. J. Appl. Bacterial., 66: 365-378. 

Grau, F.H., Brownlie, L.E. and Roberts, E.A., 1968. Effect of some preslaughter treatments on the Sulmonella 

population in the bovine rumen and faeces. J. Appl. Bacterial., 31: 157-163. 

Guthrie, R.K., 1992. Control of Salmonella spread. In: R.K. Guthrie (Editor), Salmonella. CRC Press, Boca 

Raton, FL, pp. 63-81. 

Hardman, P.M., Wathes, CM. and Wray, C., 1991. Transmission of salmonellae among calves penned 

individually. Vet. Rec., 129: 327-329. 
Hinton, A., Hume, M.E. and Deloach, J.R., 1993. Role of metabolic intermediates in the inhibition of 

Salmonella typhimurium and Salmonella enteritidis by Veillona. J. Food Prot., 56: 932-937. 

Hird, D.W., Pappaioanou, M. and Smith, B.W., 1984. Case-control study of risk factors associated with 

isolation of Salmonella saintpaul in hospitalized horses. Am. J. Epidemiol., 120: 852-864. 

Hogg, R.V. and Craig, A.T., 1978. Introduction to Mathematical Statistics. 4th edn., MacMillan, New York, 

438 pp. 

Huffman, R.P., Stock, R.A., Sindt, M.H. and Sham, D.H., 1992. Effect of fat type and forage level on 

performance of finishing cattle. J. Anim. Sci., 70: 3889-3898. 

Jones, P.W., Collins, P., Brown, G.T.H. and Aitken, M., 1982. Transmission of Salmonella mbandaka to 

cattle from contaminated feed. J. Hyg. Camb., 88: 255-263. 

Losinger, W.C., Garber, L.P., Hill, G.W., Domseif, S.E., Rodriguez, J.M. and Frye, W.B., 1997. Design and 

implementation of the United States National Animal Health Monitoring System 1994-1995 cattle on feed 

evaluation and an evaluation of the impact of response. Prev. Vet. Med., (in press). 

Lowry, D., 1993. Effect of rendering on salmonella. In: B. Spooncer and P. Husband (Editors), Hygienic 

Production of Rendered Animal Products. McBenny Pty Ltd, Carina, Queensland, pp. 47-52. 

Lynch, G.P., 1972. Mycotoxins in feedstuffs and their effect on dairy cattle. J. Dairy Sci., 55: 1243-1255. 

O’Kelly, J.C., 1984. Decreased resistance of Bos tuurus cattle on a diet supplemented with whole cotton seed 

to the tick Boophilus microplus (Canestrim). Vet. Parasitol., 15: 151-157. 

Oosterom, J., 1991. Epidemiological studies and proposed preventive measures in the tight against human 

salmonellosis. Int. J. Food Microbial., 12: 41-52. 

Pacer, R.E., Spika, J.S. and Thurmond, M.C., 1989. Prevalence of Salmonella and multiple antimicrobial-re- 

sistant Salmonella in California dairies. J. Am. Vet. Med. Assoc., 195: 59-63. 

Pelzer, K.D., 1989. Salmonellosis. J. Am Vet. Med. Assoc., 195: 456-463. 

Richardson, A., 1975. Salmonellosis in cattle. Vet. Rec., 96: 329-331. 

Roberts, T., 1988. Salmonellosis control: estimated economic costs. Poult. Sci., 67: 936-943. 

Searle, S.R., Casella, G. and McCulloch, C.E., 1992. Variance Components. John Wiley and Sons, Inc., New 

York, 501 pp. 

Shah, B.V., Barnwell, B.G. and Bieler, G.S., 1996. SUDAAN User’s Manual, Version 6.40. 2nd edition, 

Research Triangle Institute, Research Triangle Park, NC, 492 pp. 

Siller, W.G. and Ostler, D.C., 1961. The histopathology of an entero-hepatic syndrome of turkey poults. Vet. 

Rec., 73: 134-138. 

Sockett, P.N., 1991. The economic implications of human salmonella infection. J. Appl. Bacterial., 71: 

289-295. 

Spika, J.S., Waterman, S.H., Soo Hoo, G.W., St. Louis, M.E., Pacer, R.E., James, S.M., Bissett, M.L., Mayer, 

L.W., Chiu, J.Y., Hall, B., Greene, K., Potter, M.E., Cohen, M.L. and Blake, P.A., 1987. Chlorampheni- 

col-resistant Salmonella newport traced through hamburger to dairy farms. New Engl. J. Med., 316: 

565-570. 

Statistical Analysis Systems Institute, Inc., 1990. SAS @ Procedures Guide. Version 6 edition, SAS Institute, 

Inc., Cary, NC, 705 pp. 

Stott, J.A., Hodgson, J.E. and Chaney, J.C., 1975. Incidence of salmonellae in animal feed and the effect of 

pelleting on content of enterobacteriaceae. J. Appl. Bact., 39: 41-46. 



244 W.C. Lminger et al./Preventive Veterinary Medicine 31 (1997) 231-244 

Tai, J.H. And Pestkan, J.J., 1988. Impaired murine resistance to Salmonella typhimurium following oral 

exposure to the thrichothecene T-2 toxin. Food Chem. Toxic., 26: 691-698. 

Tannock, G.W., 1983. Effect of dietary and environmental stress on gastrointestinal microbiota. In: D.H. 

Hentges (Editor), Human Intestinal Microflora in Health and Disease. Academic Press, New York, NY, pp. 

517-539. 

Todd, E.C.D., 1989. Preliminary estimates of costs of foodbome disease in Canada and costs to reduce 

salmonellosis. J. Food Prot., 52: 586-594. 

Vassiliadis, P., 1983. The Rappaport-Vassiliadis (RV) enrichment medium for the isolation of salmonellae: an 

overview. J. Appl. Bacterial., 48: 167-174. 

Waltner-Toews, D., Martin, S.W. and Meek, A.H., 1986. An epidemiological study of selected calf pathogens 

on Holstein dairy farms in southwestern Ontario. Can. J. Vet. Res., 50: 307-313. 

Williams, G.W., 1980. Bovine salmonellosis. Bovine Pratt., 15: 122-128. 

Wray, C. and Sojka, W.J., 1977. Reviews on the progress of dairy science: bovine salmonellosis. J. Dairy 

Res.. 44: 383-425. 


