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Abstract
Salmonella is one of the major causes of foodborne diseases that remained 
important public health concerns worldwide. Antimicrobial resistance in Sal-
monella is also a global concern. Establishing the status of Salmonella in 
dairy farms and antimicrobial susceptibility of circulating isolates particu-
larly where animals and humans live in close proximity is vital to devise ap-
propriate intervention. A cross-sectional study was conducted from December 
2019 to May 2020 to determine the prevalence of Salmonella and antimicro-
bial susceptibility of isolates among lactating dairy cows in Addis Ababa. A 
total of 151 fecal and 151 milk samples were collected from lactating dairy 
cows and cultured for Salmonella. Salmonella isolation and identification was 
conducted using standard microbiological techniques and further confirmation 
was carried out using Salmonella genus-specific PCR. An antimicrobial sus-
ceptibility test was performed using the Kirby-Bauer disk diffusion technique. 
Salmonella was isolated from 4 fecal samples (4/151) (2.7%) whereas none of 
the 151 milk samples were positive for Salmonella. One isolate was multidrug-
resistant (MDR) to seven antimicrobials namely: ampicillin, amoxicillin, ceftri-
axone, cephalothin, tetracycline, and sufamethoxazole+ trimethoprim and two 
isolates were resistant to either tetracycline or sulfisoxazole. All Salmonella 
isolates were susceptible to ciprofloxacin, amikacin, chloramphenicol, nalidixic 
acid, and gentamicin. In conclusion, a low prevalence of Salmonella among 
lactating dairy cattle was recorded in this study and it was not detected in milk 
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samples. However, the observed resistance to commonly used antimicrobials 
particularly third-generation cephalosporin, ceftriaxone in one of the isolates 
pose a public health concern. Thus, appropriate measures should be institut-
ed to protect the public and animals from infection with multidrug-resistant 
strains of Salmonella.

Keywords: Addis Ababa; dairy cows; antimicrobial resistance; prevalence; 
Salmonella. 

Introduction
A large segment of the rural and urban population of Ethiopia is dependent 
on livestock for food and generation of income and animals and humans live 
in close proximity most of the time. Thus, many zoonotic bacterial pathogens 
can reach humans through the consumption of contaminated foods of animal 
origin and close contact with animals infected by these pathogens (Bekele and 
Ashenafi, 2010).

Foodborne diseases originating from food animals remain major public health 
problems across the globe where healthy food animals serve as reservoirs of 
pathogens spreading to humans (Eng et al., 2015). An estimated 600 million 
cases, 420,000 deaths, and 33 million years of healthy lives are lost due to 
the consumption of unsafe food globally each year (WHO, 2015). The common 
foodborne pathogens are zoonotic and transmitted through the consumption 
of contaminated foods of animal origin or direct or indirect contact with the 
animals (Rahman et al., 2020).

Salmonella is one of the major foodborne pathogens that cause diseases rang-
ing from mild gastroenteritis to severe complications including invasive blood-
stream infections. Human infection with Salmonella occurs mainly when a 
person consumes food of animal origins such as meat, poultry, dairy products, 
and other products contaminated with the feces of animals containing Sal-
monella (Bintsis, 2017). Cattle have been identified as a major reservoir of 
Salmonella and shed the bacteria in feces leading to contamination of milk 
and other dairy products providing an easy route of human infection with Sal-
monella (Eguale et al., 2016; Holschbach and Peek, 2018). Both symptomatic 
and asymptomatic dairy cattle are potential sources for the contamination of 
the farm environment and farm products by Salmonella species (Cummings et 
al., 2010). 
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Consumption of unpasteurized milk and undercooked meat contaminated with 
fecal material are the main transmission routes for Salmonella in humans 
(Bintsis, 2017). Antimicrobial resistance in Salmonella has been considered 
the major public health problem globally. Infection with antimicrobial-resis-
tant Salmonella is reported to be associated with treatment failure, increased 
risk of bloodstream infection,  increased chance of hospitalization, and pro-
longed hospital stay (Krueger et al., 2014; Varma et al., 2005).

Increasing antimicrobial-resistant Salmonella are being reported in different 
parts of the world due to the use of antimicrobial agents in food animals at sub-
therapeutic level or prophylactic doses which may promote on-farm selection of 
antimicrobial-resistant strains and markedly increase the human health risks 
associated usually with the food supply (Cheng et al., 2019; Manyi-Loh et al., 
2018).

In Ethiopia, various studies showed the occurrence of Salmonella in dairy 
cattle and their environment (Addis et al., 2011; Eguale et al., 2016; Keba et 
al., 2020). Although the contribution of different food animals as a source of 
Salmonella infection to humans is not clearly understood, a study showed a 
clear indication that related genotypes of Salmonella are circulating among 
humans and animals particularly, multidrug-resistant Salmonella Kentucky 
in dairy cattle and diarrheic patients in Addis Ababa (Eguale et al., 2018). Due 
to the increasing demand for milk and other dairy products for the rising hu-
man population of Addis Ababa, small-scale dairy production is rising in  Addis 
Ababa and its suburbs (Eguale et al., 2016; Minten et al., 2020).  The majority 
of these dairy farms are located near human residential areas increases the 
chance of spreading Salmonella and other pathogens from animals to humans. 
In addition, as the consumption of raw milk and its derivatives is common in 
Ethiopia (Keba et al., 2020) there is a high chance of infection with Salmonella 
and other foodborne pathogens.

As there are few studies conducted in Ethiopia on the prevalence of Salmo-
nella, limited information is available on the level of its occurrence in lactating 
dairy cows and milk from cows and antimicrobial susceptibility of isolates in 
Addis Ababa. Hence, establishing the current status on the prevalence and an-
timicrobial susceptibility of Salmonella in the feces of lactating cows and cor-
responding milk samples is critical for the control of Salmonella isolates origi-
nating from dairy farms. Therefore, the purpose of this study was to estimate 
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the prevalence of Salmonella species in feces and milk samples of lactating 
dairy cattle from selected dairy farms in Addis Ababa and also to determine 
the antimicrobial susceptibility of Salmonella isolates obtained from collected 
samples. 

Materials and methods
Study area, design, and animals

This study was conducted in Addis Ababa, the capital city of Ethiopia, from 
December 2019 to May 2020.  Addis Ababa is located at 9o148 N38o44 24E coor-
dinate and an average elevation of 2355m above sea level. The average annual 
temperature and rainfall are 21°C and 1800 mm, respectively. Addis Ababa, 
with a 527 square kilometer area, is composed of ten sub-cities namely Addis 
Ketema, Arada, Gulele, Kirkos and Lideta, Akaki Kality, Bole, Kolfe Keranio, 
Nifas Silk Lafto, and Yeka when this study was conducted. The population of 
Addis Ababa is estimated at 4.7million (COI, 2020). The dairy farms in urban 
and peri-urban Addis Ababa are the source of milk for the community in Ad-
dis Ababa supplying almost one-third of all liquid milk consumed in the city 
(Minten et al., 2020).

A cross-sectional study was conducted to determine the prevalence and antimi-
crobial susceptibility of Salmonella among lactating dairy cows in Addis Aba-
ba. The study was conducted on selected dairy cows from small, medium, and 
large-scale dairy farms. Farms were categorized into small (those containing 
5–20 animals in a herd), medium (21–50 animals in a herd), and large (more 
than 50 animals). Clinically healthy lactating cows were involved in this study.

Sample size determination

The larger prevalence report of previous studies on Salmonellafrom lactating 
dairy cattle in Ethiopia 10.76% (Addis et al., 2011) was used to calculate sam-
ple size using the formula given by Thrusfield (2007). Accordingly, the mini-
mum sample size calculated was 138, and13 samples were added to improve 
precision. Therefore, a total of 151 lactating dairy cows were involved from 
which corresponding151 fecal and 151 milk samples were collected from a total 
of 47 dairy farms of different herd sizes. 
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Sampling method

Among the ten sub-cities of Addis Ababa, Arada, Akaki Kality, Kirkos, Nifas 
Silk, and Yeka sub-cities were randomly selected. Then based on the list of 
the name of the farm owners in the sub-cities obtained from the Addis Ababa 
Farmers and Urban Agriculture Commission, a systematic sampling technique 
was used to determine the farms involved in the study. The majority of the 
farms were small scale having herd sizes of not more than six cows. All lactat-
ing cows from each farm were sampled except for the medium and large-scale 
dairy farms from which the maximum of 10% of lactating cows was sampled.

The study inclusion criteria for the farms was based on a farm with at least 5 
Holstein-Friesian-zebu cross breed cattle and 1 lactating cow during the study 
time, willingness to participate in the study, ready to give the required sam-
ples and information through the questionnaire. Cows that received or receiv-
ing antimicrobials during the last 10 days were excluded.

Sample and data collection 

A total volume of 40ml of milk samples were collected in sterile 50 ml contain-
ers (Falcon tubes) directly from the teats and 10 gm of fecal samples were 
collected directly from the rectum using disposable gloves into clean zippered 
plastic bags and packed to avoid any possibility of leakage or cross-contami-
nation. Collection of milk was done by farm attendants by first cleaning his/
her hands and the udders and teats with clean water. This was done following 
their routine milking schedule of each farm where milk samples were collected 
in the middle of milking of each cow. A minimum of one cow and a maximum of 
5 cows were sampled per farm depending on farm size and availability of lac-
tating cows during the study period. Samples were coded properly and trans-
ported to the Microbiology Laboratory of Aklilu Lemma Institute of Pathobiol-
ogy, in an icebox within 3-4 hrs of collection and processed directly for isolation 
of Salmonella. Information on possible risk factors and socio-demographic data 
of each selected farm was also gathered using a structured questionnaire. The 
questionnaire includes sex, age, educational status of the farm owners and 
attendants, frequency of barn cleaning, age of cows, parity, types of bedding, 
milking process, and antimicrobial use. Collection of data was performed at 
the time of sample collection from each farm.
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Isolation of Salmonella

Salmonella isolation was conducted at the Microbiology Laboratory of Aklilu 
Lemma Institute of Pathobiology, Addis Ababa University using techniques 
recommended by International Organizations for Standardization (ISO-6579, 
2000) and WHO Global Foodborne Infections Network laboratory Protocol 
(WHO, 2010). Ten g of fecal sample and 10ml of milk was pre-enriched in 90 
ml of buffered peptone water (BPW) (Oxoid CM509, Basingstoke, England), 
and incubated for 24 hrs at 37°C. A portion (1 ml) of the pre-enriched culture 
suspension was transferred to 10ml of selenite cysteine (SC) (Himedia M025, 
India) broth and another 0.1 ml portion was transferred to 10 ml of Rappa-
port and Vassiliadis (RV) (Merk, Germany) enrichment broth and incubated at 
37°C and 42°C for 24 hrs, respectively. Samples were then inoculated onto Xy-
lose Lysine Deoxycholate (XLD) (Oxoid CM0469, Basingstoke, England) agar 
plate from both selective enrichment broth media and incubated at 37°C for 24 
hrs and the incubation was prolonged to 48 hrs when there were not clear dis-
tinct colonies during the 24 hrs of incubation. Presumed Salmonella colonies 
having a slightly transparent zone of reddish color and a black center (WHO, 
2010) were sub-cultured on nutrient agar (OxoidCM0003, Basingstoke, Eng-
land) and further assessed using biochemical tests: triple sugar iron agar (TSI) 
(Oxoid CM0277, Basingstoke, England), urea (Oxoid CM53, Basingstoke, Eng-
land), lysine iron agar (LIA) (Oxoid CM381, Basingstoke, England), and Sim-
mons citrate agar (Becton Dickinson, USA) as described previously (Eguale et 
al., 2016). The isolated colonies with typical Salmonella biochemical proper-
ties were then further confirmed by genus-specific polymerase chain reaction 
(PCR) as described previously using primer sets (Cohen et al., 1993). Two to 
three pure colonies grown overnight on XLD agar were suspended in ultra-pure 
RNA’s free water and boiled for 5 minutes at 95°C in thermocycler which was 
used as a DNA template for PCR assay. A reference strain of S. Typhimurium 
(ATCC 14028) was used as a positive control during biochemical analysis and 
PCR assay. 

Antimicrobial susceptibility

The antimicrobial susceptibility profiles of isolates were determined by the 
Kirby-Bauer disc diffusion method on Muller-Hinton agar (Oxoid CM0337 
Basingstoke, England)  according to Clinical and Laboratory Standard Insti-
tutes Guidelines (CLSI, 2018). Pure colonies grown overnight on nutrient agar 
were inoculated to a tube containing 5 ml of normal saline solution until it 
achieved 0.5 McFarland turbidity standards. When the turbidity of bacteria 
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was higher than that of 0.5McFarland standard, it was diluted using sterile 
saline solution. The sterility of the Muller Hinton agar plate was checked by 
incubating overnight at 37º C before using it for an antimicrobial susceptibil-
ity test. A sterile cotton swab was dipped into the suspension and the bacteria 
were swabbed uniformly over the surface of the Muller Hinton agar plate after 
removing excess fluid on the cotton swab by pressing on the whole of the test 
tube. Antimicrobial discs with known concentrations were placed and held at 
room temperature for 15 minutes to allow drying. The list of antimicrobial 
discs used in this study, their strengths, and clinical cut-off points are shown 
in Table 1. All antimicrobial discs used in this study were from Sensi-Discs, 
Becton, Dickinson, and Company, USA. Escherichia coli ATCC 25922 was used 
as a quality control organism for the antimicrobial susceptibility test.

The plates were then incubated for 24 hrs at 37°C and the diameters of clear 
zones produced by antimicrobial inhibition of bacterial growth were measured 
to the nearest mm for each disc using a digital caliper and then classified as 
resistant, intermediate, or susceptible (Table 1) according to interpretive cri-
teria of Clinical and Laboratory Standards Institute guidelines (CLSI, 2017).

Table 1. List of antimicrobial discs used, their strength, and zone diameter 
interpretive breakpoints in mm

Antimicrobial agent Disc content
–(µg)

Susceptible
>mm

Intermediate
mm

Resistant
<mm

Ampicillin 30 17 15-16 14
Amoxicillin + clavulanic acid 20/10 18 14-17 13
Cefoxitin 30 18 15-17 14
ceftriaxone 30 23 20-22 19
Cephalothin 30 18 15-17 14
chloraphenicol 30 18 13-17 12
Ciprofloxcin 5 21 16-20 15
Gentamicin 10 15 13-14 12
kanamycin 30 18 14-17 13
Nalidixic acid 30 19 14-18 13
Neomycin 30 17 13-16 12
Sulfisoxazole 250 17 13-16 12
Tetracycline 30 15 12-14 11
Sulfamethoxazole 
+Trimethoprim

23.75/1.25 16 11-15 10
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Data analysis

Data obtained from the questionnaire and laboratory activity were entered on 
a Microsoft Excel spreadsheet and coded appropriately. The occurrence of Sal-
monella per sample type was described as the proportion of positive samples 
out of total samples. Data was described using Tables.

Ethical consideration	

Ethical approval was obtained from the Institutional Review Board of Aklilu 
Lemma Institute of Pathobiology, Addis Ababa University. Official permission 
was also obtained from the Addis Ababa city Agriculture Bureau. A research 
permit was shown to the farmers, all participants were informed about the 
purpose, and methods of the study, and that participation was on a voluntary 
basis. 

Results
Of the total 151 fecal and 151 milk samples cultured for Salmonella, only 4 
(2.7%) of the fecal samples (4/151) but none of the milk samples were posi-
tive for Salmonella. The distribution of Salmonella-positive cows among the 
sub-cities of Addis Ababa is shown in Table 2. The sample level prevalence of 
Salmonella among cows with different farm sizes was 3.9% (3/77), 2.0% (1/48), 
and 0% (0/26) for small, medium, and large farms, respectively. Prevalence 
was high in early lactation (5.5%) than in cows that lactated for more than 6 
months (1.3%) (Table 2).
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Table 2. Fecal sample level detection of Salmonella with respect to selected 
factors in dairy cows in Addis Ababa

Putative risk factors Examined Positive (%)
Sub cities
Akakikality 39 0 (0.0)
Arada 20 0 (0.0)
Kirkos 30 1 (3.3)
Nifas silk 32 2 (6.3)
Yeka 30 1 (3.3)
Farming Size
Small 77 3 (3.9)
Medium 48 1 (2.0)
Large 26 0 (0.0)
Age of the cow(years)
<6 72 1(1.4)
6- 11 71 3 (4.2)
>11 7 0 (0.0)
Stage of lactation (Months)

<6 55 3 (5.5)
6- 10 76 1 (1.3)
>10 20 0 (0.0)
Parity
<3 107 3 (2.8)
>3 44 1(2.0)
Bedding  
Concrete 109 4 (3.7)
Mud 42 0 (0.0)
Udder wash
Before milking 110 3 (2.0)
Before and After 40 1 (0.7)
No 1 0 (0.0)

Overall, in the current study, cows were sampled from 47 different farms, of 
which only cows from 4 farms (8.5%) were positive for Salmonella (Table 3). 
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Table 3. Farm-level prevalence of Salmonella among Addis Ababa dairy cows

Factors Categories No. of farms 
studied

Positive for Salmonella (%)

Sub cities
Akaki Kality 7 0 (0.0)
Arada 12 0 (0.0)
Kirkos 14 1 (2.1)
Nifas Silk 6 2 (4.3)
Yeka 8 1 (2.1)

Farm size
        Small 33 3 (6.4)
        Medium 10 1 (2.1)
        Large 4 0 (0.0)

Bedding
       Concrete 36 4 (8.5)
       Mud 11 0 (0.0)

Overall 47 4 (8.5)

Antimicrobial susceptibility of Salmonella isolates

All Salmonella isolates were susceptible to chloramphenicol, nalidixic acid, 
amikacin, gentamicin, sulfisoxazole, neomycin, and kanamycin (Table 4). 
One (25%) of isolates was resistant to 7 antimicrobials namely ampicillin, 
amoxicillin+clavulanic acid, cephalothin, ceftriaxone, sulfisoxazole, sulfa-
methoxazole+ trimethoprim, and, tetracycline whereas one other isolate (25%) 
was resistant to sulfisoxazole and tetracycline. On the other hand, the remain-
ing 2 (50%) of the isolates were susceptible to all antimicrobials used in this 
study (Table 5).
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Table 4. Antibiotic susceptibility profiles of Salmonella isolates in dairy farms 
in Addis Ababa

Antibiotic Susceptibility profile 
Antimicrobials No. susceptible 

(%)
No. 
intermediate 
(%)

No. resistant (%)

Amikacin 4 (100) 0 (0.0) 0 (0.0)
Amoxicillin+clavulanic acid 3 (75) 0 (0.0) 1 (25.0)
Ampicillin 3 (75) 0 (0.0) 1 (25.0)
Ceftriaxone 3 (75) 0 (0.0) 1 (25.0)
Cephalothin 3 (75) 0 (0.0) 1 (25.0)

Chloramphenicol 4 (100) 0 (0.0) 0 (0.0)
Ciprofloxacin 4 (100) 0 (0.0) 0 (0.0)
Gentamicin 4 (100) 0 (0.0) 0 (0.0)
Kanamycin 4 (100) 0 (0.0) 0 (0.0)
Nalidixic acid 3 (75) 1 (25.0) 0 (0.0)
Neomycin 4 (100) 0 (0.0) 0 (0.0)
Sulfisoxazole 1 (25) 1 (75.0) 2 (50.0)
Tetracycline 2 (50) 0 (0.0) 2 (50.0)

Sulfamethoxazole+ 
Trimethoprim

3 (75) 0 (0.0) 1 (25.0)

Table 5. Antimicrobial resistance pattern of the isolated Salmonella strains 
from dairy cows in Addis Ababa

Number of antimicrobials 
to which isolates were 
resistant

Resistance pattern (No.) No. of isolates (%) 

Zero - 2 (50.0)
Two G, TE (1) 1 (25.0)
seven AMP, AMC, CF, CRO, G, SXT,  TE (1) 1(25.0)

AMC = amoxicillin+clavulanic acid; AMP = ampicillin;CF= cephalothin; TE = tetracycline; CRO = ceftriaxone; 
G=sulfisoxazole ;SXT = sulfamethoxazole+ trimethoprim

Discussion
The current study demonstrated an overall 2.7% fecal prevalence of Salmo-
nella in lactating dairy cows originating from 8.5% of the tested farms in Addis 
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Ababa, whereas Salmonella was not detected in milk samples collected from 
these cows. The absence of Salmonella from milk samples is contrary to the 
3% prevalence reported previously (Addis et al., 2011) in the same study area. 
This might be due to the difference in isolation protocol employed. The current 
study employed confirmation of the isolates using PCR, while the previous 
study was based only on culture characteristics and biochemical tests. Sal-
monella is usually detected in milk due to contamination via direct or indirect 
contact with fecal materials during milking, storage, or transportation when 
there are poor hygienic practices (Holschbach and Peek, 2018). Similar to our 
finding in the current study, the previous study could not isolate Salmonella 
from dairy milk samples collected from central Ethiopia despite culturing sev-
eral milk samples (Tigabu E. personal communication).

The overall fecal prevalence of Salmonella in apparently healthy lactating 
dairy cows is low in this study compared to previous studies in Ethiopia (Abun-
na et al., 2018; Addis et al., 2011) that reported 10.7% and 10.5% prevalence 
in Addis Ababa city and Modjo town, respectively. A study in Gondar, north 
Ethiopia also reported a 12.5% prevalence of Salmonella in lactating cows in 
Gondar and isolates were recovered from 44.8% of the farms investigated (Hai-
lu et al., 2015). However, the current finding is in agreement with the previous 
report on the fecal prevalence of Salmonella in dairy cattle, in central Ethiopia 
(Eguale et al., 2016). The difference in isolation rate among different stud-
ies can be attributed to the difference in the study area, farm size, hygienic 
practices of study farms, and season of sample collection (Eguale et al., 2016; 
Pangloli et al., 2008). Despite low prevalence, this study shows that lactating 
cows are potential sources of contamination with Salmonella through shed-
ding the pathogen in their feces. This could be a threat for individuals working 
in dairy farms and for the community that consumes unpasteurized milk and 
other dairy products. 

The indiscriminate use of antimicrobials in the food animal production system 
for disease prevention and control is being implicated in the development and 
spread of resistance against these agents, which can easily be transferred to 
humans through food chains (Manyi-Loh et al., 2018). In this study, Salmo-
nella isolates resistant to commonly used antimicrobials were recorded. One 
of the four isolates was multidrug-resistant to 7 of the 14 (50%) antimicrobials 
tested including ceftriaxone, the third-generation cephalosporin. In a previous 
study, none of the 30 Salmonella isolates from dairy farms in central Ethiopia 
was resistant to ceftriaxone (Eguale et al., 2016). As the use of third-genera-
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tion cephalosporin is not common in animal production in Ethiopia, these iso-
lates or the associated resistance genetic marker might have originated from 
humans, as there is close contact between humans and animals in this study 
area. Five (16.7%) of the isolates in the aforementioned study (Eguale et al., 
2016) were resistant to ciprofloxacin while all of the isolates in the current 
study were susceptible to ciprofloxacin. On the other hand, a previous study on 
isolates from lactating dairy cows in Addis Ababa also showed complete sus-
ceptibility of isolates to both ceftriaxone and ciprofloxacin (Addis et al., 2011).

Conclusions
Despite the low level of prevalence of Salmonella among lactating dairy cows 
in this study, detection of multidrug-resistant isolates particularly an isolate 
resistant to ceftriaxone is a major public health concern since there is a risk of 
potential transmission to humans through the food chain or direct and indirect 
contact. Thus, appropriate measures should be instituted to protect the public 
and animals from infection with multidrug-resistant strains of Salmonella.
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