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1. Introduction

   Salmonellosis is a common disease of livestock animals; 
manifestations include diarrhea, dehydration, abortion, 
depressed mentation, pneumonia, septic arthritis, meningitis, 
gangrene of distal extremities, and sudden death. The effects 
of infection can range from subclinical to endotoxemia and 
death. Salmonella outbreaks can be detrimental to dairy 

producers due to increased mortality and treatment costs in 
clinically infected cows[1]. 
   Salmonellosis is one of the most frequently reported 
bacterial foodborne diseases and is a major economic 
and public health issue worldwide. In the United States, 
Salmonella serotypes cause an estimated 1.4 million cases 
of foodborne disease[2] and 400 deaths annually[3]. European 
data show that Salmonella is the second most predominant 
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bacterial pathogen, causing around 132 000 human cases in 
2008[4]. Ninety-five percent of human cases estimated to be 
foodborne origin. Humans can be infected with Salmonella 
from animal sources by many routs. More cases of bovine- 
associated salmonellosis in humans might result from direct 
contact with cattle, and ingestion of foods of bovine origin 
(milk and uncooked beef meat)[5]. Antimicrobial resistance in 
Salmonella inhibits the ability of physicians and veterinarians 
to treat severe infections, and results in increases in health 
care costs and mortality in human patients[6].
   The present study designed to provide an on-farm view of 
the prevalence of Salmonella spp. among healthy, diseased 
and necropsied cows and calves, to determine the serotypic 
diversity of Salmonella isolates, and to monitor antimicrobial 
drug susceptibility of isolates in two large scale dairy farms 
of north-east of Iran.
 

2. Materials and methods

2.1. On-farm study

2.1.1. Study population 
   Two commercial dairy farms belonged to the same company 
with the same management in north-east of Iran in the 
province of Khorasan were sampled. The farms were chosen 
due to previous history of salmonellosis. Both herds milked 
more than 800 cows. The farms were close herds and did not 
receive animals from other herds. Cows were housed in open 
shed with sand and straw for bedding. Non-lactating cows 
and heifers were housed in separate pens. The calves were 
housed in individual cement hutches. Calves were typically 
fed un-pasteurized milk. Non-salable milk (i.e., milk not 
allowed for human consumption) was fed to calves. Milk was 
fed with buckets. 

2.1.2. Sampling procedure
   Farms sampled 4 times with an interval of 2 month. 
Types and number of samples collected at each visit were 
summarized in Table 1. The samples included calves’ feces, 

adult cows’ feces, feeds, water, milk filters, and milk fed 
to calves. Fresh fecal samples were collected directly from 
healthy animals by rectal grab. Milk filters were washed with 
peptone water into a sterile bottle. All samples were collected 
between July 5, 2009 and March 8, 2010. 

2.2. Diagnostic study on clinical cases 

   From June 2007 to March 2010, samples of diseased and 
necropsied animals from farms A and B were referred to the 
Diagnostic Laboratory of Center of Excellence in Ruminant 
Abortion and Neonatal Mortality, Ferdowsi University 
of Mashhad. Six Salmonella were isolated from feces of 
diarrheic and 13 isolates from tissues of necropsied animals. 
These isolates were used for sero-typing and antimicrobial 
susceptibility testing. No other pathogen was isolated.     
    The isolation methods of Salmonella spp. are based on 
Cobbold et al. (2006)[7]. Samples transported to the laboratory 
besides ice bags. Five grams of each fecal sample added 
to 45 mL of tetrathionate broth and enriched for 48 h at 
37 °C. Liquid samples such as milk and water (60-80 mL) 
were combined with equal volume of double concentration 
selenite-F broth and enriched for 24 h at 37 °C. Solid samples 
such as feeds at the amount of 25 g was added to 225 mL of 
buffered peptone water, mixed thoroughly, and pre-enriched 
for 24 h before being added to tetrathionate broth and re-
enriched for 24 h at 37 °C.   
   All enrichments were streaked for isolation on McConkey 
agar plates and incubated at 37 °C overnight. Lactose negative 
colonies from each plate were confirmed as Salmonella 
on the basis of growth pattern (alkaline/acid+H2S and urea 
negative) on triple-sugar iron and urea agar slants. Isolates 
were stored at nutrient broth with 15% glycerol at -20 °C for 
future reference.

2.3. Serogrouping

   Salmonella isolates were grouped by use of a commercial 
slide agglutination method (Kooshafar Biotechnology 
Research Institute, Karaj, Iran). 

Table 1
Types and numbers of samples collected on visits to 2 dairy farms during farm study.

Feces
Raw milk fed 

to calves
Milk filters Water Feeds

Calves<2 weeks Calves 2-4 weeks
Calves 1-4 

month
Calves 4-6 

month
Close-up cows 

and heifers
Fresh cows 
and heifers

Farm 
A(Z)

1st Sampling  8  5 10  6 10 5 1 1 1 1
2nd Sampling  5  8  5  5 10 14 1 1 1 2
3rd Sampling  5  5  5  5 10 9 1 1 1 1
4th Sampling  5  5  5  5 10 10 1 1 1 1

Farm 
B(G)

1st Sampling  5  5  5  5 10 10 1 1 1 2
2nd Sampling  5  5  7  5 10 11 1 1 1 1
3rd Sampling  5  5  5  5 10 10 1 1 1 2
4th Sampling  5  5  4  5 10 10 1 1 1 1

Total 43 43 46 41 80 79 8 8 8 11
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2.4. PCR  

2.4.1. Oligonucleotide primers
   Three sets of primer pairs were used: invA, specific for 
the invA gene from Salmonella spp.; fliC, specific for the 
fliC gene from Salmonella Typhimurium; H:eh, specific 
for the H:eh gene found in Salmonella Newport; and SopE, 
specific for SopE gene from Salmonella Dublin. Primer 
sequences are shown in Table 2. 

2.4.2. DNA extraction 
   The procedure was the same for both pure cultures grown 
in nutrient agar and field samples enriched in tetrathionate 
broth. In both the cases DNA extracted by using AccuPrep® 
Genomic DNA Extraction Kit (Bioneer, Korea).

2.4.3. DNA amplification
   PCRs were performed with 5 µL of DNA sample and 25 
pmol of each primer by using PCR Premix vials (Bioneer, 
Korea), containing Taq DNA polymerase 1 U, dNTP mix 250 
µmol/L, Tris-HCl 10 mmol/L, KCl 30 mmol/L, MgCl2 1.5 
mmol/L and Stabilizer and tracking dye in a final volume 
of 20 µL. For independent reactions were made for each 
DNA sample each with one set of primers.
   Amplifications were carried out using following 
conditions: initial denaturation was at 94 °C for 3 min, 
followed by 30 cycles of denaturation at 94 °C for 1 min, 
annealing at 55 °C for 1 min and extension at 72 °C for 1.5 
min, with a final extension at 72 °C for 10 min.
   Electrophoresis of amplification products was on 1.5% 
agarose gel containing 5 µg/mL ethidium bromide with a 
100 bp ladder as molecular weight marker.

2.5. ERIC PCR

   Twenty-four Salmonella strains were used for the ERIC 
PCR DNA fingerprinting assay. And 6 µL of the DNA extract 
from each isolate was used in a 24 µL of premix PCR 
tubes (Bioneer Company, Korea). One µl of ERIC primer 
(5’ AAG TAA GTG ACT GGG GTG AGC G 3’) was added. The 
PCR amplification included a 2 min hot start at 94 °C, 
denaturation at 94 °C for 30 seconds, annealing at 60 °C for 1 
min, and extension at 72 °C for 4.5 min and after 35 cycles, 
a final extension for 1 min at 72 °C. Amplified PCR product 
were visualized by electrophoresis in 1.5% agarose gel 
containing 0.2 µg/mL ethidium bromide. Gel was run at 100 
V for 45 min, and visualized by using Gel Doc.

2.6. Antimicrobial susceptibility test

   Antimicrobial susceptibility of Salmonella isolates was 
performed with the disc diffusion method as recommended 
by the Clinical and Laboratory Standards Institute 
(CLSI, 2008) in Mueller-Hinton agar with 9 antimicrobial 
agents (amoxicillin, oxytetracycline, enrofloxacin, 
trimetoprim-sulfametoxazole, gentamycin, cefalexin, 
kanamycin, chloramphenicol and nalidixic acid) at given 
concentrations (Mast Diagnostic, UK) as shown in Table 3. 
The antimicrobials were selected due to commonly using 
against Salmonella in dairy farms. 
   Salmonella isolates were transferred to BHI broth and 
incubated at 37 °C until it achieved the turbidity of the 
0.5 McFarland standards. The suspension was inoculated 
uniformly to Mueller-Hinton agar with a sterile cotton 
swab. Then antibiotic discs were placed onto the plate 

Table 3
Frequency and percentage of Salmonella isolates by level of resistance to various antimicrobials.
Antimicrobial agent Disc Content (µg) Susceptible Intermediate Resistant
Amoxicillin 10  9(47%) 10(53%)                       0
Oxytetracycline 30             0 1(5%) 18(95%)

Enrofloxacin  5  19(100%)                 0                       0
Trimetoprim-Sulfametoxazole 25 8(44%) 11(56%)                       0
Gentamycin 10 12(63%)  4(21%)   3(16%)

Cefalexin 30  2(11%) 17(89%)                       0
Kanamycin 30  8(42%) 10(53%) 1(5%)

Chloramphenicol 30 18(95%)                 0 1(5%)

Nalidixic Acid 30 10(53%) 7(37%) 2(5%)

Table 2
Primers used for the detection of Salmonella spp.
Primer Nucleotides Sequences (5`-3`) Use for identify of Amplification product (bp) Reference

invA
F: GTG AAA TTA TCG CCA CGT TCG GGC AA Salmonella spp. 284 Oliveira et al. (2002)[8]
R: TCA TCG CAC CGT CAA AGG AAC C

fliC F: CGG TGT TGC CCA GGT TGG TAA T Salmonella Typhimurium 620 Oliveira et al. (2002)[8]
R: ACT GGT AAA GAT GGC T

H:eh F: GCA GAT CAA CTC TCA GAC CCT GGG Salmonella Newport 200 Herrera-Leon et al. (2004)[9]
R: AAC GAA AGC GTA GCA GAC AAG

sopE
F: ACA CAC TTT CAC CGA GGA AGC G Salmonella Dublin 398 Rahman et al. (2004)[10]
R: GGA GCC TTC TGA TGT TGA CTG G
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and incubated at 37 °C for 18 h. According to the sizes 
of the inhibition zones, interpretation of the strains as 
susceptible, intermediate, or resistant as made according 
to the CLSI.

3. Results

   Salmonella isolates were recovered from 5 of 332 (1.5%) 
fecal samples collected from calves and peri-parturient 
cows. One isolate from 170 and 4 (0.6%) isolates from 
162 (2.5%) fecal samples recovered from farm A and B, 
respectively. Three Salmonella were isolated from calves 
less than 6 month of age (isolation prevalence, 1.7%). In 
adults, two isolates were recovered from feces of a fresh 
cow in farm B and a close-up dry cow in farm A. No 
Salmonella was recovered from water, feed, milk filers and 
milk fed to calves.
   Nineteen isolates were recovered from clinical cases, 
which referred to the Laboratory (Table 3).
   Isolates of Salmonella belonged to group B (n=19), 
group D (n=2), and group C (n=1). The sero-groups of two 
isolates were undermined. The predominant sero-group 
was B. Thirteen out of 19 sero-group B isolates (68.4%) 
were identified as Salmonella Typhimurium. In addition, 
Salmonella Typhimurium was the most frequently isolate 
among all sero-groups isolates, and accounting for 54% 
of the all isolates. Other six isolates of sero-group B were 
undetermined. Salmonella Dublin was only accounted for 
8% (two out of 24) of isolates (Table 4).  
   A total of 13 DNA bands were identified for all Salmonella 
isolates which ranging from 200 to 1 400 bp. The ERIC PCR 
profiles allowed the differentiation of the 24 isolates into 9 
ERIC types (Figure 1), which were grouped into three main 

clusters (I, II and III). Cluster I comprised of one isolate 
which was undetermined sero-group. Cluster II comprised 
of sero-group D and C isolates. Isolates belong to sero-
group B and all of the Salmonella Typhimurium were 
located into cluster III (Figure 2). There was no evidence 
of association between ERIC DNA fingerprinting and 
susceptibility to antimicrobial agents.  
 

1 000 bp

     1                  2                   3                 4                   5

750 bp

500 bp

620 bp

250 bp284 bp398 bp284 bp

Figure 1. Detection of invA, sopE and fliC genes by PCR in Salmonella spp. 
Lane 1 and 3: product of 284 bp for invA gene (Salmonella genes), Lane 2: 
product of 398 bp for sopE gene (Samonella Dublin), Lane 4: product of 620 bp 
for fliC gene (Salmonella Typhimurium), Lane 5: 1 Kb DNA ladder. 

Table 4
Prevalence of Salmonella isolates sero-group and serotypes from infected, diseased and necropsied animals in two farms during 2007-2010.

Farm Animal Condition of 
animal Sample Serogroup B Serogroup 

C
Serogroup D  Undertermined

Typhimurium  undertermined Dublin
A dry cow infected feces 0 0 0 0 1
B calf infected feces 1 0 0 0 0

calf infected feces 0 0 1 0 0
calf infected feces 0 0 0 0 1
Fresh cow infected feces 1 0 0 0 0

A calf necropsied liver 0 0 0 1 0
B fetus aborted liver, lung, kidney & abomasum contents 0 1 0 0 0

calf necropsied liver 0 0 0 1 0
calf necropsied bile 2 0 0 0 0
calf necropsied Lmyph node 3 0 0 0 0
calf necropsied Lymph node 0 1 0 0 0
calf diseased feces 3 0 0 0 0
calf diseased feces 0 3 0 0 0
cow diseased feces 3 0 0 0 0
cow diseased feces 0 1 0 0 0

Total 13 6 1 2 2
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Figure 2. Phylogenetic diversity of 24 Salmonella isolates and 2 controls 
(Salmonella Typhimurium and Salmonella Dublin) identified by ERIC PCR. 
The isolates were grouped into three main clusters (I, II and III). UN: 
undetermined sero-group; C: serogroup C; D: serogroup D (Salmonella Dublin); 
B: serogroup B; BT: serogroup B (Salmonella Typhimurium); BT’: control 
(Salmonella Typhimurium); D’: control (Salmonella Dublin).
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   Salmonella isolates exhibited resistance to a number of 
antimicrobial agents. Eighteen out of 19 Salmonella spp. were 
resistant to oxytetracycline. Only one isolate had intermediate 
susceptibility to oxytetracycline (Table 4). Five isolates out 
of 19 (26% of all isolates) showed multi-drug resistance. More 
than one drug resistance was seen only among Salmonella 
Typhimurium isolates. Enrofloxacin was the most susceptible 
antibiotic against all isolates in this study. In addition, 
susceptibility to chloramphenicol was most common (95% of 
all isolates). Resistance patterns of Salmonella Typhimurium 
are described in Table 5.    
Table 5 
Resistance patterns of Salmonella Typhimurium against antimicrobial 
agents isolated from animals in farm B.
Resistance Pattern No. of Salmonella 

Typhimurium
Oxytetracycline 8
Oxytetracycline, Gentamycin 1
Oxytetracycline, Gentamycin, Kanamycin 1
Oxytetracycline, Gentamycin, Nalidixic acid 1
Oxytetracycline, Nalidixic acid 1

Oxytetracycline, Chloramphenicol 1

4. Discussion

   At least 3 potentially interacting elements are proposed to 
be necessary for long-term persistence of a Salmonella strain 
on a given dairy farm: carrier animals, chain infections and 
persistence of the organism in the environment[7]. The finding 
of this study that all isolates of on-farm study were recovered 
from feces of animals indicates the major role of carrier 
animals in persistence of infection in the farms. However, 
earlier studies revealed that prolonged maintenance of 
Salmonella within cattle herds is often associated with 

persistent mammary gland infections rather than fecal 
shedding[11].    
   Peri-parturient cows appear to be the adult group most 
susceptible to Salmonella infection, a finding that may 
be related to the influence of immunosuppression[12]. Two 
isolates were recovered out of 159 fecal samples (isolation 
prevalence, 1.25%) in peri-parturient cows in this study. 
This isolation prevalence in this susceptible group in farms 
with the history of clinical salmonellosis is relatively low. 
It is conceivable that the incidence of salmonellosis among 
dairy herds was underestimated. Furthermore, fecal culture 
does not have perfect sensitivity for detecting the presence of 
Salmonella[13]. Many animals that are shedding low numbers 
of Salmonella organisms are not actively infected and 
may not be detectable but this low-level shedding reflects 
environmental contamination[14].
   The isolation prevalence of Salmonella (1.7%) in calves is 
close to a study that was focused on pre-weaned heifers, 
which 2.1% of calves were, infected[15]. Very few studies 
compare Salmonella prevalence among age groups of cattle, 
with mixed results regarding whether calves or cows have a 
higher prevalence of fecal shedding[13,16]. 
   It is not unexpected that no Salmonella was isolated from 
water, feed, milk filers and milk fed to calves. It seems 
eight samples are not sufficient for Salmonella isolation by 
conventional culture techniques. In a study of New York 
dairy herds, Salmonella were isolated from 1.5 percent of 404 
milk filters[17]. In another study conducted on 12 dairy farms 
from Minnesota, Michigan, New York and Wisconsin, it was 
found that only 1.1% of bulk tank milk (n=91) were positive for 
Salmonella spp.[18]. It seems conventional culture techniques 
are not sensitive method to detect low number of the bacteria 
in milk, feed and water. In the study of Karns et al. (2005), 101 
samples (11.8%) were shown to contain the bacteria using the 
real time PCR assay, whereas conventional culture techniques 
detected the pathogen in only 22 (2.6%) of the samples[19]. 
   Feeds, water and particularly milk can contain many 
other organisms that may compete with Salmonella in the 
enrichment medium, keeping the total number of Salmonella 
lower than our detection limit on plates[19]. However, 
generalizations that can be drawn from results of the present 
study are limited by the low number of farms studied.  
   Isolates of Salmonella belonged to groups B (n=19), D 
(n=2), and C (n=1). These sero-groups have been identified 
as important causes of diseases in calves, dairy cows, 
and humans[20]. A major finding from our study was the 
prevalence of Salmonella Typhimurium in these two 
herds accounting for 54% of the isolates. There is a great 
diversity in Salmonella serotypes shed by dairy cows. 
Salmonella Montevido was the most common serovar 
detected in several studies in United States[14,21]. In healthy 
cows, Salmonella Montevido was the prevalent isolate and 
Salmonella Typhimurium was not among 10 most common 
isolates[22]. However, Salmonella Newport and Salmonella 
Typhimurium were the prominent serotypes in salmonellosis 
affected herds[13]. In agreement with the previous cited 
study, Salmonella Typhimurium was most isolated from 
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salmonellosis affected animals in the present study. This 
finding is noteworthy in regard to public health. Salmonella 
Typhimurium was the second most common Salmonella 
serotypes isolated from people with laboratory -confirmed 
food-borne infection in United States[23]. The low isolates of 
Salmonella Dublin were another striking feature apparent 
from the present study. Salmonella Dublin is host-adapted to 
cattle. Host-adapted serotypes are found most often in their 
host species, where true long-term carriers exist. In contrast, 
non-host-adapted serotypes rarely achieve carrier status 
and usually infect an animal for a period of 3 to 16 weeks[24]. 
In general, the specific serotype of Salmonella to be found on 
dairy farms is impossible to predict. However, all Salmonella 
serotypes are pathogens of humans or animals[21].             
   ERIC PCR was used to assess phylogenetic diversity 
and source typing of Salmonella isolates. Our results 
grouped Salmonella isolates into 3 clusters, suggesting 
that specific genotypes were responsible for each sero-
group of Salmonella. The results also revealed diversity 
among Salmonella isolates in cluster III (sero-group B). This 
polymorphism could be due to chromosomal recombination 
or mutation, which underlies certain individual isolates, or 
due to unrelated isolates with different sources. In a study by 
Campioni et al (2012), the genotypic diversity was assessed 
by ERIC-PCR and PFGE. The ERIC-PCR results revealed that 
112 strains exhibited a similarity of >85.4% and the PFGE that 
96 strains exhibited a similarity of >80.0%[25]. However, in 
agreement to our results, ERIC-PCR was found to be valuable 
in the analysis of Salmonella Typhimurium, Salmonella 
Virchow, Salmonella Enteritidis, Salmonella Abortusequi, 
Salmonella Choleraesuis, Salmonella Bareilly and  
Salmonella Dublin[26]. ERIC fingerprinting may be useful in 
epidemiological studies and the identification of new strains 
with unknown origins.
   Another notable finding was the antibiotic resistance of 
Salmonella Typhimurium strains in affected and healthy 
calves and cows. Resistant of Salmonella Typhimurium 
against oxytetracycline and other antimicrobial agents were 
remarkable. It seems widespread and inappropriate usage 
of oxytetracycline in dairy operations is the major cause 
of Salmonella resistance against this antibiotic. However, 
resistance to nalidixic acid and chloramphenicol which 
occurred in three isolates is also concerning. Nalidixic acid 
and cholamphenicol are prescribed to treat human typhoid 
fever.   
   The emergence of multiple antibiotic-resistant strains of 
Salmonella Typhimurium should be of great concern to the 
public. An outbreak following the handling of sick calves 
and consumption of raw milk that contained Salmonella 
Typhimurium received national attention in United States. 
In the process of molecular epidemiological investigation 
of bovine salmonellosis caused by extended-spectrum 
cephalosporins resistant Salmonella Typhimurium isolates, 
we observed multiple anti- microbial resistance patterns 
were observed among the isolates detected in a beef cattle 
farm in Japan[27].  
   We found no correlation between ERIC fingerprinting and 

resistance patterns of Salmonella isolates, which indicates 
resistance to antimicrobial agents was not related to specific 
genetic background.  
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Comments 

Background
   Salmonella enterica is the most frequent cause of 
foodborne-related deaths and hospitalizations in humans. 
Salmonella are symptomatically or asymptomatically 
excreted by dairy cattle and are present in the environment 
of many dairy farms. The serovars, resistance phenotypes, 
and genetic subtypes of Salmonella isolated from dairy cattle 
have considerable overlap with those that cause disease in 
humans. The epidemiology of salmonellosis in dairy farms 
and antimicrobial resistance of Salmonella spp. are important 
aspects of prevention against salmonellosis.
  
Research frontiers
   The carrier animals of Salmonella spp. have major role 
in the distribution of the disease. In addition, emergence of 
multi drug resistance serovars of Salmonella in dairy farms 
has a great impact on public health.

Related reports
   The finding of this study that all isolates of on-farm 
study were recovered from feces of animals is in contrast 
to earlier studies which shwed that prolonged maintenance 
of Salmonella within cattle herds is often associated with 
persistent mammary gland infections rather than fecal 
shedding.

Innovations and breakthroughs
   Salmonella Typhimurium is the prevalent serovar in dairy 
farms of east-north of Iran. This study has showed that five 
isolates out of 19 showed more than one drug resistance.
  
Applications
   It may be significant to know the distribution of 
antimicrobial resistant Salmonella in dairy farms. The results 
of the present study suggest that carrier animals may act as a 
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significant reservoir of the infection. 

Peer review
   This is a well-done study on the epidemiology of 
Salmonella infection in dairy farms. The importance 
of the article lies on the high prevalence of Salmonella 
Typhimurium as the major isolated Salmonella spp. in 
the studied farms. The resistance of the isolates to several 
antimicrobial agents is remarkable of the public health 
viewpoint.
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