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  ABSTRACT 

  The objectives of this study were to estimate the 
incidence of salmonellosis among a large sample of 
dairy herds in the northeastern United States (both 
at the animal level and the herd level), to describe the 
serotypes and antimicrobial resistance profiles of the 
positive samples, and to determine whether various 
herd-level factors were important predictors of inci-
dence. Participating veterinarians enrolled 831 dairy 
herds and submitted fecal samples from 2,565 female 
dairy cattle for Salmonella culture because of suspicion 
of clinical disease. Estimates of animal-level incidence 
rates were calculated for each age group as the number 
of cases per animal time at risk, and an estimate of 
herd-level incidence rate was calculated as the num-
ber of positive herds per herd time at risk. Descriptive 
analysis of serotype data and level of antimicrobial re-
sistance was performed, and Poisson regression analysis 
was used to study associations between the within-
herd incidence of salmonellosis and certain predictor 
variables (herd size, housing type, vaccination status, 
and prior history of Salmonella infection). Salmonella
was isolated from 576 (22.5%) samples representing 93 
herds. The animal-level incidence rates for preweaned 
female calves, heifers, and adult cows were 8.1, 0.04, 
and 1.8 cases per 1,000 animal-years, respectively. The 
herd-level incidence rate was 8.6 positive herds per 100 
herd-years. Salmonella Newport was the predominant 
serotype, accounting for 41% of the cases, followed by 
Salmonella Typhimurium. Over 68% of all isolates were 
resistant to 5 or more antimicrobial agents. Herd size 
was the only significant predictor of the incidence of 
salmonellosis in a multivariable model; herds with at 
least 400 female dairy cattle had a higher incidence 
rate than smaller herds. Our results shed light on the 
impact of salmonellosis on the dairy industry in the 

northeastern United States, and they help clarify the 
role of dairy cattle as a source of Salmonella serotypes 
that are also important human pathogens. 
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  INTRODUCTION 

Salmonella is a zoonotic enteric pathogen that can 
cause significant disease in both calves and adult cattle. 
Clinical signs of bovine salmonellosis may include di-
arrhea, fever, anorexia, dehydration, decreased milk 
production, abortion, and evidence of endotoxemia, 
although many infections remain subclinical (Divers 
and Peek, 2008). It can be a costly disease for dairy 
producers because of treatment expenses, mortality, 
reduced milk yield, and weight loss/decreased weight 
gain within the herd (Peters, 1985; Huston et al., 2002). 
Salmonella also poses a considerable threat to public 
health, resulting in approximately 1.4 million illnesses, 
16,000 hospitalizations, and between 400 and 600 deaths 
annually in the United States alone (Mead et al., 1999; 
Voetsch et al., 2004). 

  Infected cattle can shed the organism while ill and 
following clinical recovery, and asymptomatic shedders 
never show signs. Widespread environmental contami-
nation can result from Salmonella shedding, and the 
organism can survive for prolonged periods in suitable 
conditions outside a host (Wray and Wray, 2000). Fecal 
Salmonella shedding can also augment the risk of with-
in-herd transmission and inadvertent spread to other 
herds. In addition to having implications for the health 
and productivity of dairy cattle, these factors lead to 
an increased risk of zoonotic transmission. Foodborne 
exposure may occur when there is fecal contamination 
of beef carcasses at slaughter, contamination of crops 
by manure fertilizer, and contamination of water by 
manure run-off (Wells et al., 2001; Islam et al., 2004; 
Sivapalasingam et al., 2004). People can also become 
infected via direct contact; those who work or otherwise 
interact with livestock are at particular risk when cattle 
are shedding Salmonella. Fecal shedding often persists 
well beyond the clinical outbreak in the herd (Clegg et 
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al., 1983; Giles et al., 1989; Gay and Hunsaker, 1993), 
underscoring the difficulty in recognizing high-risk 
herds.

Introduction of Salmonella onto a dairy farm can oc-
cur through a variety of routes, including purchased 
cattle, contaminated feed or water, wild animals such 
as rodents and birds, and human traffic (Bender, 1994; 
Evans and Davies, 1996; Sanchez et al., 2002; Nielsen 
et al., 2007). Therefore, the presence of Salmonella on 
a farm is not an unexpected finding. In fact, one study 
involving 110 dairy farms in 4 states found that over 
90% of the farms had at least one Salmonella-positive 
culture obtained (fecal or environmental) during the 
course of 5 sampling visits over a 1-yr period (Fossler 
et al., 2004). The USDA National Animal Health Moni-
toring System (NAHMS) Dairy 2002 study, based on 
a single sampling visit to 5 herds in each of 21 states, 
found that 31% of herds yielded at least one Salmonella-
positive fecal culture (Blau et al., 2005).

Although several studies have examined the prevalence 
of fecal Salmonella shedding on dairy farms (Wells et 
al., 2001; Huston et al., 2002; Fossler et al., 2004; Blau 
et al., 2005), there is very little information available 
regarding the occurrence of clinical disease associated 
with Salmonella infections in cattle. Knowledge of the 
distribution and frequency of salmonellosis, both among 
herds and among age groups within a herd, would be 
important for producers and veterinarians alike. An 
understanding of the full impact of Salmonella on the 
health of dairy cattle could lead to more focused strate-
gies for preventing the introduction and spread of this 
pathogen on the farm, with obvious public health ben-
efits as well. Furthermore, information regarding which 
serotypes are typically associated with clinical disease 
in cattle would shed light on the risk posed by certain 
types of Salmonella on the dairy farm; this would also 
add to our collective knowledge of the role played by 
dairy cattle as a potential source of Salmonella infec-
tion for people. It would be especially helpful to gain 
information on whether clinically affected cattle are 
shedding the serotypes that are also important human 
pathogens, such as Newport and Typhimurium, as this 
could facilitate the recognition of herds that present the 
greatest threat to public health. Thus, the objectives of 
this study were to estimate the animal- and herd-level 
incidence of salmonellosis among a large sample of dairy 
herds in the northeastern United States, to describe 
the serotypes and antimicrobial resistance profiles of 
the positive samples, and to ascertain whether certain 
herd-level factors (herd size, housing type, vaccination 
status, and prior history of Salmonella infection) were 
important predictors of incidence.

MATERIALS AND METHODS

Study Design

Veterinary practices serving New York, Pennsylva-
nia, Vermont, Massachusetts, and Connecticut were 
enrolled between February and September 2004, with 
the goal of selecting practices that were known to pro-
vide clinical service to a large number of dairy herds. 
Practices were identified through our personal contacts 
and via an announcement of the study at a regional 
veterinary continuing education meeting. Participat-
ing veterinarians were asked to enroll all of their dairy 
herd clients with at least 30 dairy cattle for whom they 
provided routine clinical service. Veterinarians were 
instructed to educate their clients regarding the clinical 
signs of salmonellosis in cattle, including diarrhea with 
blood, mucus, or a foul odor; fever of at least 103°F 
(39.4°C); depression; and decreased appetite; as well as 
sudden death in the absence of specific clinical signs. 
Herd owners were asked to contact their veterinarian if 
any of their cattle displayed these signs or if unusually 
high mortality among cattle with diarrhea was noted. 
At enrollment, veterinarians collected information on 
herd size, type of housing, and vaccination protocols. 
Throughout the duration of the study, project person-
nel would obtain updated information on numbers of 
cattle within each herd; the targeted interval between 
herd updates was 3 mo.

Veterinarians submitted fecal samples from suspected 
clinical cases to the Animal Health Diagnostic Center 
at Cornell University for Salmonella culture, from the 
time of herd enrollment through September 2005. To 
encourage herd owners and veterinarians to submit 
samples from every clinical suspect animal, all shipping 
and laboratory costs were covered by the study. In ad-
dition, no costs were incurred by herd owners for the 
testing of calves and weaned heifers for other enteric 
pathogens if requested by their veterinarian. Herd own-
ers were also allowed to submit Salmonella fecal culture 
samples from animals with compatible clinical signs, 
provided this was done under the supervision of their 
veterinarian.

Sample Collection and Processing

Fecal samples were generally collected via rectal re-
trieval, with a new glove being used to collect each 
sample. Approximately 10 g of fecal matter was placed 
into a Para-Pak bottle (containing modified Cary-Blair 
medium, Meridian Bioscience Inc., Cincinnati, OH) and 
sealed. For small calves, a BBL culture swab (Amies 
medium; Becton Dickinson and Company, Franklin 
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Lakes, NJ) was occasionally used for sample collection. 
All samples were either delivered by the participating 
veterinarian or shipped to the Animal Health Diagnostic 
Center for bacteriologic culture, and standard culture 
methods were used to isolate Salmonella from feces. In-
dividual fecal swabs from sample bottles were enriched 
in 10 mL of tetrathionate broth (Difco, Detroit, MI) 
containing 0.2 mL of iodine solution; the mixture was 
incubated at 42°C for 18 to 24 h. After incubation, the 
sample-broth mixture was streaked onto brilliant green 
agar with novobiocin (BGN; Becton Dickinson) and 
xylose lysine tergitol 4 (XLT-4) selective media, and 
both plates were incubated at 37°C for 18 to 24 h. Red 
bacterial colonies (lactose-non-fermenting) on BGN 
and black colonies (H2S-producing) on XLT-4 were in-
oculated into Kligler iron agar (KIA) slants and then 
incubated at 37°C for 18 to 24 h. The XLT-4 plates 
without suspected colonies were reincubated at 37°C for 
an additional 18 to 24 h before checking again for char-
acteristic black colonies. Colonies on KIA slants that 
exhibited the biochemical properties of Salmonella were 
then serogrouped by slide agglutination using standard 
protocols. Those colonies that were positive by slide 
agglutination were then identified as Salmonella using 
the Sensititre Automated Microbiology System’s A80 
panel (Trek Diagnostic Systems Inc., Cleveland, OH). 
Confirmed Salmonella isolates were sent to the USDA 
National Veterinary Services Laboratories (Ames, IA) 
for serotyping using standard protocols.

Antimicrobial susceptibility of Salmonella isolates 
was determined by use of the broth dilution method. 
Minimal inhibitory concentrations were established for 
each isolate against a panel of 11 antimicrobial agents 
(ampicillin, ceftiofur, chlortetracycline, enrofloxacin, 
florfenicol, gentamicin, neomycin, oxytetracycline, 
spectinomycin, sulfadimethoxine, and trimethoprim/
sulfamethoxazole; Sensititre, Trek Diagnostic Systems 
Inc.). Clinical and Laboratory Standards Institute 
(CLSI) guidelines were used to interpret MIC values 
when available (CLSI, 2008). Isolates were classified as 
being resistant or susceptible to each agent; those iso-
lates with intermediate susceptibility were categorized 
as being susceptible. Quality control was performed 
weekly using 4 strains of bacteria: Escherichia coli 
ATCC 25922, Staphylococcus aureus 29213, Enterococ-
cus faecalis 29212, and Pseudomonas aeruginosa 27853. 
The MIC ranges for quality control recommended by 
the CLSI were used, and results were accepted if the 
MIC values were within expected ranges for these bac-
terial strains.

Data Analysis
All animals were classified as preweaned female 

calves, preweaned male calves, heifers (from weaning 

age—approximately 8 wk—to calving age), adult cows, 
or adult bulls. Estimates of herd size for incidence calcu-
lations were based on the initial total at enrollment and 
the subsequent updates obtained throughout the study. 
For each time interval between updates, the number 
of cattle at risk in each age group was calculated as 
the average of the number of animals reported at the 
start and at the end of the interval. In doing this, we 
accounted for changes in the size of the population at 
risk due to death, sale, or purchase. Animal time at risk 
for each age group was calculated by multiplying each 
herd’s number of animals at risk by the time interval 
between updates, then summing these across all herds; 
cases were not excluded from the animal time at risk cal-
culations following diagnosis because of their negligible 
contribution to the total time at risk. Herd time at risk 
was calculated by summing the total enrollment times 
for all negative herds and the time between enrollment 
and onset of the first case for each positive herd. Inci-
dent cases were defined as clinically ill cattle that were 
identified as having signs consistent with salmonellosis 
and that tested positive for Salmonella via bacterio-
logic culture. Repeated positive samples from the same 
animal were excluded from incidence calculations. A 
herd was considered Salmonella-positive if at least one 
animal with compatible clinical signs tested positive via 
bacteriologic culture; such an animal had to have been 
diagnosed at least 2 wk beyond herd enrollment in or-
der for it to be viewed as an incident case. Estimates of 
animal-level incidence rates (incidence densities) were 
calculated for each age group as the number of cases 
per animal time at risk, and an estimate of herd-level 
incidence rate was calculated as the number of positive 
herds per herd time at risk.

To check for selection bias related to herd enrollment, 
estimates of animal-level incidence rates were also cal-
culated separately for herds within veterinary practices 
that enrolled more than 50% of their dairy clients and 
for herds within practices enrolling fewer than 50%. 
Our concern was that low-enrollment practices might 
have been selectively recruiting study herds with either 
a known history of salmonellosis or a current outbreak 
of diarrhea, rather than a representative sample of their 
client herds.

Descriptive analysis of serotype data and level of 
antimicrobial resistance was performed, including 
the distribution of serotypes and multidrug-resistant 
(MDR) isolates by animal age group and by herd. 
The proportion of MDR isolates by serotype was also 
determined. Bivariable analysis using the chi-squared 
test was utilized to determine whether age group or 
serotype was significantly associated with multidrug 
resistance (MDR vs. not MDR). Separate logistic re-
gression models were used to further investigate any 
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associations with multidrug resistance while controlling 
for herd as a random effect, using MDR status as the 
dichotomous outcome variable. In this study, multidrug 
resistance was defined as having in vitro resistance to 5 
or more antimicrobial agents.

Poisson regression analysis was performed to study 
associations between the within-herd incidence of sal-
monellosis and various predictor variables (herd size, 
housing type, vaccination status, and prior history of 
Salmonella infection), controlling for herd as a random 
effect. A backward stepwise approach was used to iden-
tify a final multivariable model, and P-values <0.05 
were considered significant. Incidence density ratios 
and their corresponding 95% confidence intervals were 
determined. All data analysis was performed in SAS 
(version 9.1; SAS Institute Inc., Cary, NC), and the 
generalized estimating equations (GEE) method was 
used for the regression models via PROC GENMOD.

RESULTS

A total of 35 veterinary practices participated in this 
study, enrolling 831 herds with 327,686 female dairy 
cattle (preweaned female calves, heifers, and adult 
cows). Median herd size was 180 female dairy cattle 
(range: 20–5,241). Free-stall housing was found on 454 
(54.6%) farms (this was the exclusive form of hous-
ing on 418 of these farms), while barns with individual 
stalls for each cow (either tie-stall or stanchion) were 
utilized on 355 (42.7%) farms; the remaining 2.7% of 
farms used some other form of housing. Use of a com-
mercial gram-negative vaccine was reported among 337 
(40.6%) herds (Endovac-Bovi, Immvac Inc., Columbia, 
MO; J-Vac, Merial, Duluth, GA; J-5 Bacterin, Pfizer 
Animal Health, New York, NY). There were 59 (7.1%) 
herds that had reportedly experienced at least one Sal-
monella case during the previous 12 mo.

During the study period, fecal samples from 2,565 
female dairy cattle on 412 farms were submitted for 
Salmonella culture because of suspicion of clinical 
disease. Of these, Salmonella was isolated from 576 
(22.5%) samples representing 93 herds. Sixteen herds 
accounted for 72% of the positive samples, whereas 
40 herds had only one laboratory-confirmed case of 
salmonellosis each. Twelve of the 40 herds had their 
single case diagnosed during the 2 wk immediately fol-
lowing herd enrollment, and those animals were not 
regarded as incident cases in any of the calculations. 
The herd-level incidence rate was 8.6 positive herds per 
100 herd-years.

Fecal samples were submitted from 866 preweaned 
female calves, 168 heifers, and 1,531 adult cows for Sal-
monella culture. The organism was isolated from 152 

(17.6%) female calves, 7 (4.2%) heifers, and 417 (27.2%) 
cows. The animal-level incidence rates for preweaned 
female calves, heifers, and adult cows were 8.1, 0.04, 
and 1.8 cases per 1,000 animal-years, respectively. For 
herds within high-enrollment practices, the animal-level 
incidence rates for preweaned female calves, heifers, 
and adult cows were 9.9, 0.09, and 2.0 cases per 1,000 
animal-years, whereas herds within low-enrollment 
practices had incidence rates of 7.4, 0.03, and 1.8 cases 
per 1,000 animal-years, respectively. The within-herd 
incidence rates among all positive herds ranged from 
0.2 to 119.3 cases per 1,000 animal-years, with a me-
dian of 4.8 cases per 1,000 animal-years (Figure 1).

The predominant serotype was Newport, accounting 
for 41% of the cases, followed by Typhimurium (includ-
ing the Copenhagen variant), Infantis, 4,5,12:i:-, Agona, 
Muenster, and Kentucky. These 7 serotypes comprised 
87% of the total, and 11 other serotypes made up the 
remainder (Table 1). The serotype most frequently iso-
lated from calves was Typhimurium (40.1%, 61/152), 
whereas the primary serotype among cows was New-
port (46.8%, 195/417). The most common serotypes 
were also widespread among farms, with Typhimurium 
being isolated from 36 herds and Newport from 30 
herds (Table 2). There were 71 (76.3%) herds that had 
only one serotype identified during the study period, 
18 (19.4%) herds had 2 serotypes, and 4 (4.3%) had 3 
serotypes.

A total of 395 (68.6%) isolates were MDR. Only 114 
(19.8%) isolates were pan-susceptible, not displaying 
resistance to any of the 11 antimicrobial drugs in our 
panel. Resistance to individual antimicrobial agents 
(Table 3) ranged from 0% (enrofloxacin) to 79.3% of all 
isolates (sulfadimethoxine). Chi-squared testing revealed 
that the proportion of multidrug resistance was signifi-
cantly higher (P = 0.006) among isolates obtained from 
calves (77.0%, 117/152) than among those from cows 
(65.2%, 272/417). Calf isolates were also more likely to 
be MDR than cow isolates in a logistic regression model 
that controlled for herd as a random effect (P = 0.01). 
In addition, 6 of the 7 isolates from heifers were MDR. 
Cattle harboring MDR isolates represented 60 (64.5%) 
of the Salmonella-positive herds in our study.

There was considerable variation in antimicrobial 
resistance across serotypes (Table 4). For instance, 
97.0% (229/236) of the Newport isolates were MDR, 
whereas only 2.1% (1/47) of the Infantis isolates were 
MDR. Chi-squared testing showed that the propor-
tion of multidrug resistance was significantly higher 
(P < 0.0001) among serotypes that are also the most 
important human pathogens (Newport and Typhimu-
rium; 89.0%, 308/346) than among all other serotypes 
(37.4%, 86/230). Newport and Typhimurium isolates 
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were also more likely to be MDR than other serotypes 
in a logistic regression model controlling for herd as a 
random effect (P < 0.0001).

Using a multivariable Poisson regression model, we 
found that herd size was the only significant predictor 
of Salmonella incidence (Table 5). Larger herds with at 
least 400 female dairy cattle had a higher incidence rate 
than smaller herds with fewer than 100 female dairy 
cattle (incidence density ratio of 4.7; P = 0.004). The 
incidence rates among the 3 smaller herd size categories 
(200–399, 100–199, and <100 female dairy cattle) did 
not differ significantly. There was not a significant asso-
ciation between Salmonella incidence and housing type, 
commercial gram-negative vaccine use, or a history of 
at least one Salmonella case during the previous 12 mo 
when these were included with herd size in a multivari-
able model.

DISCUSSION

Several studies have described the prevalence of fecal 
Salmonella shedding among dairy cattle, using either 
cross-sectional or longitudinal designs. To our knowl-
edge, however, no studies have investigated the incidence 
of clinical disease associated with Salmonella infections 
in cattle. This study had the particular advantage of 
involving a very large number of female cattle (over 
327,000) from numerous dairy herds (831) through-
out the northeastern United States. These herds were 
characterized by a wide range of sizes and management 
types representative of the dairy industry in this region 

of the country. Although our goal was for participating 
veterinarians to enroll all of their dairy herd clients 
with at least 30 dairy cattle for whom they provided 
routine clinical service, not all such herds were enrolled. 
However, our comparable animal-level incidence rates 
for herds within high-enrollment and low-enrollment 
practices would suggest that selection bias related to 
herd enrollment was not present in this study. In fact, 
the incidence rates for all animal age groups were actu-
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Figure 1. Within-herd incidence rates among all positive herds.

Table 1. Serotypes isolated from female dairy cattle with salmonellosis 
in the northeastern United States 

Serotype Isolates, n (%)

4,5,12:i:- 35 (6.1)
Adelaide 1 (0.2)
Agona 30 (5.2)
Anatum 9 (1.6)
Bardo 5 (0.9)
Cerro 1 (0.2)
Infantis 47 (8.2)
Kentucky 20 (3.5)
Mbandaka 12 (2.1)
Montevideo 5 (0.9)
Muenchen 4 (0.7)
Muenster 23 (4.0)
Newport 236 (41.0)
Ohio 11 (1.9)
Oranienburg 3 (0.5)
Senftenberg 1 (0.2)
Thompson 2 (0.3)
Typhimurium 49 (8.5)
Typhimurium (Copenhagen) 61 (10.6)
Unknown 21 (3.6)



ally lower among practices that were apparently more 
selective in enrolling herds.

It is conceivable that the incidence of salmonellosis 
among dairy herds was underestimated if clinically af-
fected cattle went undetected by herd owners. Further-
more, fecal culture does not have perfect sensitivity for 
detecting the presence of Salmonella, and we recognize 
that some positive cattle were presumably missed by 
culturing. On the other hand, it is also plausible that 
some animals with a positive Salmonella culture result 
and compatible clinical signs were actually symptom-
atic because of another primary disease process; this 
would lead to an overestimation of the incidence of 
salmonellosis. Alternatively, it is possible that some 
cases assumed to be incident were in fact ongoing at the 
start of the study, also leading to an overestimation of 
incidence rates. However, we believe that we eliminated 
this possibility by requiring that only cases diagnosed 
at least 2 wk beyond herd enrollment be considered for 
incidence calculations.

Laboratory-confirmed salmonellosis was found in 
11% (93/831) of the dairy herds monitored for approxi-
mately 1 yr over the course of the study. The herd-level 
incidence rate was approximately 9 positive herds per 
100 herd-years. However, only 17% (16/93) of the posi-
tive study herds accounted for over 70% of the clinical 

Salmonella cases. The median within-herd incidence 
rate among positive herds was approximately 5 cases 
per 1,000 animal-years, with a maximum of almost 
120 cases per 1,000 animal-years. These results sug-
gest a wide disparity in the incidence of salmonellosis 
among dairy herds in the northeastern United States. 
Although most farms did not experience any clinical 
disease due to Salmonella infection during the study 
period, a subset of the positive farms had a very high 
incidence of salmonellosis. Clustering of disease among 
herds is consistent with the prevalence study that found 
that 25% of the enrolled dairy farms accounted for over 
75% of the Salmonella-positive fecal and environmental 
samples (Fossler et al., 2004). It seems likely that the 
most efficient approach to controlling Salmonella at the 
farm level would be to focus our efforts on addressing 
biosecurity and hygiene practices among the relatively 
few herds with a high frequency of disease, as well as 
preventing pathogen spread from such herds to those 
that remain uninfected.

Over 22% (576/2,565) of the fecal samples from clini-
cal suspect animals were positive for Salmonella. The 
animal-level incidence rate for preweaned female calves 
was 8.1 cases per 1,000 animal-years, whereas that for 
adult cows was 1.8 cases per 1,000 animal-years. Heif-
ers in this study rarely developed salmonellosis. Both 
humoral and cellular immune mechanisms play a role 
in resistance to Salmonella (Lindberg and Robertsson, 
1983), and calves may be at a greater risk of infec-
tion than adults because of their more naïve immune 
systems. In addition, concurrent infection with multiple 
enteric pathogens (Escherichia coli, Rotavirus, Coro-
navirus, or Cryptosporidium) is a common scenario in 
calves (Divers and Peek, 2008), further compromising 
their immune status. It is also possible that a relative 
lack of intestinal microflora in young calves contrib-
utes to their susceptibility; such microflora is believed 
to offer a degree of protection against colonization by 
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Table 2. Distribution of the most common Salmonella serotypes by 
dairy herd 

Serotype Dairy herds, n Positive herds, %

4,5,12:i:- 4 4.3
Agona 8 8.6
Infantis 7 7.5
Kentucky 2 2.2
Muenster 6 6.5
Newport 30 32.3
Typhimurium 27 29.0
Typhimurium (Copenhagen) 11 11.8

Table 3. Resistance to individual antimicrobial agents among all Salmonella isolates and the most common serotypes 

Antimicrobial agent

Resistance, %

All isolates 4,5,12:i:- Agona Infantis Kentucky Muenster Newport Typhimurium
Typhimurium 
(Copenhagen)

Ampicillin 68.8 60.0 83.3 2.1 5.0 8.7 97.0 38.8 100.0
Ceftiofur 60.4 57.1 80.0 2.1 5.0 8.7 97.0 10.2 42.6
Chlortetracycline 66.8 62.9 80.0 4.3 0 8.7 96.6 30.6 91.8
Enrofloxacin 0 0 0 0 0 0 0 0 0
Florfenicol 63.7 57.1 83.3 2.1 5.0 8.7 93.2 34.7 72.1
Gentamicin 2.3 2.9 0 2.1 0 0 0 2.0 0
Neomycin 42.2 5.7 73.3 2.1 5.0 0 55.5 22.4 78.7
Oxytetracycline 68.9 62.9 83.3 4.3 5.0 8.7 97.5 38.8 96.7
Spectinomycin 16.1 8.6 10.0 2.1 0 8.7 2.1 36.7 85.2
Sulfadimethoxine 79.3 68.6 100.0 6.4 65.0 60.9 97.0 65.3 100.0
Trimethoprim/sulfamethoxazole 5.2 0 63.3 2.1 0 4.3 1.3 2.0 9.8



pathogenic enteric bacteria. Very few studies compare 
Salmonella prevalence among age groups of cattle, 
with mixed results regarding whether preweaned calves 
(Warnick et al., 2003) or cows (Fossler et al., 2005b) 
have a higher prevalence of fecal Salmonella shedding. 
Calf isolates in this study were also more likely to be 
MDR than isolates from cows, a trend that has been 
observed with E. coli as well (Sato et al., 2005; Cho et 
al., 2007).

Newport was certainly the major serotype in this 
study, accounting for over 40% of the isolates, followed 
by Typhimurium at nearly 20%; both were widespread 
among farms. Dairy cattle represent an important 
source of Salmonella serotypes that are a threat to 
human health. The Centers for Disease Control and 
Prevention (CDC) FoodNet data from 2007 show that 
Newport and Typhimurium were 2 of the 3 most com-
mon Salmonella serotypes isolated from people with 
laboratory-confirmed foodborne infection, accounting 
for over 26% of the human cases (CDC, 2008b). The 
predominance of Salmonella Newport in this study is 
particularly noteworthy because it is generally MDR in 
cattle and is becoming an increasingly important human 
pathogen. According to the CDC, the annual incidence 
of Salmonella Newport infections among people in the 
United States has increased by more than 40% over the 
last decade (CDC, 2007). Multidrug resistance is also 
on the rise; the prevalence of the most common MDR 
Salmonella Newport phenotype (Newport-MDRAmpC, 
resistant to at least 9 antimicrobial agents) increased 
from 1% of human Newport isolates tested by the Na-
tional Antimicrobial Resistance Monitoring System in 
1998 to 21% of isolates tested in 2003. Reported risk 
factors for Newport-MDRAmpC infection in people 
include direct exposure to a dairy farm (Gupta et al., 
2003), consumption of uncooked ground beef (Varma 
et al., 2006), and consumption of unpasteurized dairy 
products (CDC, 2008a); these examples illustrate the 
key role that dairy cattle play as a source of MDR 
Salmonella Newport.

In contrast, the serotypes most commonly isolated 
in studies of fecal Salmonella shedding among clinically 

healthy cattle differ from those that most frequently 
cause human disease. According to the 1996 NAHMS 
report, Salmonella Montevideo (21%) was the most 
prevalent serotype isolated from healthy lactating cows, 
and neither Newport nor Typhimurium was among the 
10 most common serotypes isolated (Wells et al., 2001). 
The 2002 NAHMS study found Salmonella Meleagridis 
(24%) to be the most prevalent serotype, whereas New-
port and Typhimurium accounted for only 3 and 10% 
of all isolates, respectively (Blau et al., 2005). Clearly, 
there is a great diversity in Salmonella serotypes shed 
by dairy cattle. Although many serotypes may be shed 
by apparently healthy cattle, our results suggest that 
Newport and Typhimurium are two that pose a higher 
risk to the health and welfare of cattle. Furthermore, 
this study supports the view that clinically affected cat-
tle present the greatest threat to public health, as they 
are often shedding serotypes that are also important 
human pathogens. This would be in contrast with other 
foodborne zoonotic pathogens, such as Campylobacter 
jejuni and E. coli O157:H7, which occur widely in adult 
cattle without accompanying clinical disease (Cho et 
al., 2006; Kwan et al., 2008).

Interestingly, the Dublin serotype was not isolated 
from any of the cattle in this study, which may simply 
reflect the fact that this serotype was not common 
among northeastern dairy farms during the study pe-
riod. Alternatively, this may be related to our emphasis 
on enteric disease in the case definition provided to 
herd owners. The predominant clinical sign among 
cattle infected with Dublin is respiratory disease rather 
than diarrhea (Divers and Peek, 2008), and we may 
have missed such cases as a result. Furthermore, opti-
mal culture specimens for diagnosing Salmonella Dublin 
infections are a trans-tracheal aspirate or blood culture 
rather than a fecal sample.

Herd size was a significant predictor of the incidence 
of salmonellosis in a multivariable Poisson regression 
model. The association between large herd size and fe-
cal Salmonella shedding has been reported in numerous 
studies (Kabagambe et al., 2000; Warnick et al., 2001; 
Wells et al., 2001; Huston et al., 2002; Fossler et al., 
2004; Blau et al., 2005; Fossler et al., 2005b; Davison et 
al., 2006). Larger herds may have a greater likelihood of 
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Table 4. Multidrug resistance (MDR; in vitro resistance to ≥5 
antimicrobial agents) among the most common Salmonella serotypes 

Serotype MDR, % (n/n)

4,5,12:i:- 60.0 (21/35)
Agona 83.3 (25/30)
Infantis 2.1 (1/47)
Kentucky 5.0 (1/20)
Muenster 8.7 (2/23)
Newport 97.0 (229/236)
Typhimurium 38.8 (19/49)
Typhimurium (Copenhagen) 98.4 (60/61)

Table 5. Multivariable Poisson regression analysis of herd-level factors 
for association with Salmonella incidence rate (incidence density) 

Herd size (female 
dairy cattle)

Incidence 
density ratio

95% confidence 
interval P-value

≥400 4.7 (1.6, 13.3) 0.004
200–399 1.4 (0.5, 4.2) 0.6
100–199 1.4 (0.5, 4.0) 0.6
<100 1.0 — —



purchasing cattle from outside sources, with the accom-
panying risk of introducing Salmonella via a subclini-
cal shedder that has been stressed by transport. High 
cattle density may also be a feature of larger herds and 
could promote Salmonella transmission; animal crowd-
ing not only enhances contact among cattle but may 
also encourage stressful group dynamics. Alternatively, 
large herd size may simply equate to a higher number 
of susceptible animals within the herd. Finally, larger 
herds may be characterized by management practices 
that somehow play a role in increasing the incidence 
of salmonellosis. Herd size is a risk factor that does 
not easily lend itself to practical intervention because 
of the management trends and economic constraints 
that prevail in the modern dairy industry. However, it 
is possible that certain attributes of larger herds that 
contribute to their higher Salmonella incidence could in 
fact be modified to reduce the effect of this disease.

The use of free-stall housing was not a significant 
predictor of Salmonella incidence in this study, after ad-
justing for herd size. One study found free-stall housing 
to be associated with increased odds of fecal Salmonella 
shedding in a multivariable model that adjusted for 
herd size (Fossler et al., 2005a), whereas another found 
a similar association in a univariable analysis but not in 
a model that controlled for the size of the herd (Huston 
et al., 2002). Free-stall housing, associated primarily 
with large herds, presents considerable challenges when 
combating manure-transmitted pathogens. Freedom of 
movement in free-stall barns allows cattle to have direct 
contact with manure from other members of the herd, 
and it facilitates fecal contamination of common feed 
and water sources. It is conceivable that this form of 
housing promotes fecal shedding of Salmonella among 
dairy cattle in general, including those that are clini-
cally normal, but has a reduced effect on the incidence 
of salmonellosis.

Neither the use of a commercial gram-negative vac-
cine nor an owner-reported history of Salmonella during 
the previous 12 mo was significantly associated with 
the incidence of salmonellosis in a multivariable Pois-
son regression model. Other researchers have similarly 
found that vaccine use (either a gram-negative vaccine 
or a Salmonella bacterin) and a history of salmonel-
losis within the past year were not associated with the 
prevalence of fecal Salmonella shedding when adjusting 
for herd size in a multivariable model (Huston et al., 
2002). A previous history of salmonellosis was unassoci-
ated with fecal Salmonella shedding in another study 
as well (Vanselow et al., 2007). Although we did not 
find a relationship between immunization practices and 
the incidence of salmonellosis, it is important to bear 
in mind that observational studies are not the ideal 
approach for assessing vaccine efficacy. The lack of an 

association between salmonellosis and a prior history of 
Salmonella on the farm was surprising to us, despite the 
aforementioned prevalence studies. It would seem intui-
tive for past isolation of the organism to be predictive 
of future clinical disease, but such was not the case in 
this study.

CONCLUSIONS

Although fecal Salmonella shedding has been found 
to be common at the herd level (Fossler et al., 2004; 
Blau et al., 2005), the incidence of laboratory-confirmed 
clinical disease due to Salmonella was comparatively 
low in this study. Among the positive herds, there was 
a wide disparity in the incidence of salmonellosis. The 
animal-level incidence rate was highest for preweaned 
female calves and lowest for heifers. Salmonella Newport 
and Typhimurium accounted for about 60% of the iso-
lates and were widespread among farms; these are also 
2 of the most common Salmonella serotypes isolated 
from people with foodborne infections. Herds with at 
least 400 female dairy cattle had a higher incidence of 
salmonellosis than smaller herds, although additional 
research is needed to clarify the relationship between 
large herd size and Salmonella.
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