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ABSTRACT 

Mahero, Michael Wandanje, M.S., Great Plains Institute of Food Safety, School of Food 
Systems, College of Agriculture, Food Systems, and Natural Resources, North Dakota 
State University, May 2010. Antimicrobial Resistance and Presence of Integrons in 
Salmonella Isolated from Animals and Humans in the United States of America and 
Uganda. Major Professor: Dr. Margaret Khaitsa. 

Salmonella has been cited as one of the leading causes of food borne illness world wide 

and in the United States (US), as well as an indicator organism for studying antimicrobial 

resistance (AMR) trends. The objective of this study was to characterise AMR patterns of 

Salmonella isolates from animals and humans in North Dakota, US, and Kampala, Uganda, 

and determine the association between the observed AMR and presence of class 1 

integrons. Salmonella isolates were collected from the Veterinary Diagnostic Laboratory 

(VDL) at North Dakota State University and the North Dakota Department of Health 

respectively from 2003-2008. Samples were also retrieved from archives present at the 

Microbiology Department, Faculty of Veterinary Medicine at Makerere University in 

Kampala, Uganda. AMR profiles were determined using a panel of 15 antimicrobials as per 

the manufacturer's instructions (Sensitire, Trek Diagnostics System, Westlake, Ohio). 

Screening for the class 1 integrons was done using PCR with primers specific for the int 1. 

Out of 359 Salmonella isolates tested, 24. 79% were resistant to ~5 antimicrobials while 

36.2% were resistant to at least 2. Pan susceptible isolates were mostly (65.05%) from 

human isolates. The most common multidrug resistant (MDR) phenotype among the tested 

isolates was the classic ACSSuT penta-resistance at 29.06% (50/172). The highest 

resistance frequency was seen against Tetracycline (39.6%) and Streptomycin (34.7 %), 

while 5.2% (17) of the isolates were resistant to Nalidixic acid and 56 (15.7%) to Ceftiofur. 

A total of20.7% (57/276) of the ND samples tested positive for presence of class 1 

lll 



integrons. Class 1 integron was significantly associated (p< 0.05) with AMR to Ampicillin, 

Kanamycin, Tetracycline, Streptomycin and Sulfisoxazole. Of all Ugai.dan Salmonella 

isolates tested, 94.4% (68/72) were resistant to 2':2 antimicrobials. The highest resistance 

was observed against Sulfisoxazole and Trimethoprim-Sulphamethoxazole, and 45.8% of 

human and 46.2% of cattle isolates tested positive for presence of class 1 integrons. 

Presence of class 1 integron was significantly associated (p< 0.05) with AMR to 

Tetracycline and Amoxicillin. DNA sequencing of the class 1 integron variable regions 

identified several resistance genes including aadAJ, dfrA 7, and dfrA5 gene. The data 

indicated high AMR among antimicrobials widely used in veterinary and human medicine. 

Also, AMR was observed against drugs whose veterinary use is restricted, implying 

possible horizontal transmission. A good proportion (47.9% in Uganda and 29.85% in ND) 

of the Salmonella isolates from clinical cases of salmonellosis were MDR (resistant to 2':2) 

isolates bearing class 1 integron. 
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INTRODUCTION 

Antimicrobials have been considered the avenue of remedy for bacterial infections 

in both animals and humans for the last 70 years. Indeed, if judiciously taken these 

medications may destroy or disable the bacterial pathogens that cause infections. However, 

there has been a significant increase in drug-resistant bacteria leading to failure in the 

treatment of infectious diseases (Alliance of Prudent Use of Antimicrobials) 

(htlp://\\\\\v.tuHs.i..:du/med/apua/Ecolog}/faairExecSum 6-0.2.html). Antimicrobial 

resistance (AMR) is a natural consequence of infectious agents' adaptation to exposure to 

antimicrobials used in medicine, food animals, food processing, crop production and the 

environment (2, 16, 86, 98). There has been a decline in effectiveness of existing 

antimicrobial agents and thus infections have become more difficult and expensive to treat 

and epidemics have become harder to control (47, 65, 76). It has often been reported that a 

number of the newly emerging resistant bacteria in animals are transmitted to humans 

through meat and other foods of animal origin (2, 65, 80). 

In the United States of America (US), the major pathogens that have been 

associated with food borne outbreaks are comprised of viruses, bacteria, parasites, toxins, 

metals and prions (54). Of these various agents, 7 major food pathogens (Campylobacter 

jejuni, Clostridium perfrigens, Escherichia coli, Listeria monocytogenes, Salmonella, 

Staphlococcus aureus and Toxoplasma gondii) are known to cause 3.3-12.3 million cases 

of food borne illness and up to 3900 deaths, with an estimated total cost of $6.5-$ 34.9 

billion ( 1995 US$) annually ( 15). Salmonella has been reported as one of the leading 

causes of food borne illness in the US and worldwide (54, 93). It is responsible for 
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approximately 1.4 million illnesses, 17,000 hospitalisations and 590 deaths in the US each 

year (54). According to Food Net (Food borne Diseases Active Surveilla..-ice Network), 

Salmonella prevalence has consistently remained high in comparison to the other food 

borne pathogens despite various intervention measures (17, 53). Unfortunately the burden 

of disease, associated mortality and epidemiology in sub-Saharan Africa is unknown 

although outbreaks with high case fatality rates are reported to the World Health 

Organisation (98). 

Previous studies have demonstrated the presence of antimicrobial resistance (AMR) 

in Salmonella and other bacteria of family Enterobacteriaceace. Often, this resistance is 

encoded by integrons that occur on plasmids or that are integrated into the bacterial 

chromosome (34). Although this AMR genetic mechanism has repeatedly been 

demonstrated (31, 59) few epidemiological studies (23) have been conducted to determine 

how much of the phenotypic resistance is attributed to these genetic structures. 

Additionally, it is evident that there are other genetic mechanisms that contribute to this 

resistance (59) which also need to be characterized. Moreover, few studies have been done 

in sub Saharan Africa to investigate the role of integrons in AMR acquisition by food borne 

pathogens. 

Therefore the goal of this study was to characterize Salmonella isolates from the US 

(North Dakota) and Uganda (Kampala) based on AMR, presence of integrons and genetic 

sequencing of the integron gene cassettes. Comparison of data from a developed and 

developing country will help understand the unique risk factors and some of the molecular 

mechanisms driving the emergence of AMR in the two different environments. 
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Hypotheses 

(i) AMR is equally widespread in Salmonella isolated from animals and humans in the 

US and Uganda. 

(ii) Integron mediated resistant genes (in particular class 1 integron) contribute to the 

majority of the observed AMR phenotype in Salmonella isolates in North Dakota and 

Uganda. 

Objectives 

(i) To characterise AMR patterns of Salmonella isolates from clinical cases of animals 

and humans in North Dakota, US and from Kampala, Uganda. 

(ii) To assess the presence of class 1 integrons and resistance gene cassettes in the 

Salmonella isolates and their association with the observed AMR patterns. 
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LITERATURE REVIEW 

Antimicrobial Use and Misuse 

It is with greater emphasis that the "prudent use of antimicrobials" is being addressed 

by both the human and veterinary medical care establishments (Alliance for the Prudent 

Use of Antimicrobials [http://www.tufts.edu/med/apua/]). This is because the use of 

antimicrobials in clinical and veterinary medicine for therapy and prophylactic purposes 

has been recognized as a driving force for the selection of resistant bacteria. The major 

conduit of this resistance transmission is the acquisition of resistance genes through 

mutations in chromosomal loci or horizontal transfer of mobile genetic elements (9, 101). 

Some of these mobile elements such as plasmids have been known to not only increase 

bacterial resistance to antimicrobials but also their virulence and extend their host range 

(1 ). 

Both the amount of antimicrobials used and how they are used contribute to the 

development of resistance. For instance the use of broad-spectrum antimicrobials rather 

than narrow-spectrum drugs is known to favor the emergence of resistance by broadly 

eliminating competing susceptible flora; additionally antimicrobials are frequently 

prescribed in the treatment of viral infections or at wrong doses for incorrect periods of 

time. As a result treatment failure in human cases of salmonellosis cannot be ruled out, 

especially with the emergence of resistance to extended spectrum cephalosporins 

associated with flouroquinolone resistance (32). 

In veterinary practice, antimicrobials may be used for a number of reasons: 

therapeutic, prophylactic and growth promotion; this greatly influences the prevalence of 

resistance in animal bacteria and poses some risk for the emergence of antibiotic resistance 
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in human pathogens (31, 58, 63). In developing countries use of antimicrobials for growth 

promotion is on a limited scale despite the numerous antimicrobials used for treatment and 

prevention (57). Many of these drugs are available to the general public with little being 

done to monitor their use which greatly contributes to the emergence of antibiotic 

resistance (45, 65, 66). Currently, the possibility of horizontal transmission of resistant 

organisms from animals to humans (28, 60, 70, 88) has been recognized by several 

international-animal and human health organizations, thereby underscoring the need to 

limit these routes of exposure (94, 97, 99). 

Antibiotic Resistance- Modes of Acquisition 

Antimicrobial resistance is a natural consequence of exposure of infectious agents to 

antimicrobial compounds during use in agriculture, human and animal medicine. Therefore 

the increased usage of these compounds worldwide is a major contributor of the observed 

increased resistance (16, 86). Unfortunately this has resulted in more expensive and less 

successful treatment of parasitic, viral and bacterial diseases (65). 

Bacteria can display one of three fundamental phenotypes: Susceptibility, intrinsic 

resistance or acquired resistance. Intrinsic resistance is usually due to natural physiological 

or biochemical constitution of the bacteria. This may involve the action of efflux pumps, 

presence of inactivating enzymes or the barrier function of the outer membrane of Gram 

negative bacteria (22, 72). Acquired resistance is as a result of a mutation of either a 

regulatory or structural gene ( 41 ). This resistance in bacteria is due to re-assortment of 

resistance genes, either from one DNA molecule to another (genetically) or from one 

bacterial cell to another (physically) (8). The transfer of DNA sequences from one cell to 
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another is essentially through conjugation, transduction and transformation, while 

molecular transfer is by classical recombination, transposition, (many drug resistance 

transposons have been described in both Gram-positive and Gram-negative bacteria), site­

specific recombination, which achieves directed insertion of a resistance gene(s) (9, 40). 

Salmonella and Antibiotic Resistance to Different Classes of Antimicrobials 

Antimicrobial resistance in Salmonella is an issue of great concern not only in human 

but also in animal medicine (107). Its ubiquitous nature in the environment, ability to cause 

disease in a variety of food producing animals and potential to lead to life threatening 

invasive infections in humans, that require the use of antimicrobials (91), makes 

Salmonella an important indicator bacteria whose AMR patterns need to be continuously 

tracked and monitored. Consequently the value of antimicrobial susceptibility testing as the 

foundation for clinical treatment decisions cannot be overstated (1). The observed 

resistance in Salmonella to various antimicrobials is mediated through a host of different 

mechanisms, ranging from production of modifying enzymes to the action of effiux pumps. 

Resistance to tetracyclines is normally coded for by a series of tet genes, tet (A), 

tet (B), tet (C), tet (D), tet (G), which all code for a membrane-associated efflux protein. 

Despite the frequent presence of tetracycline resistance, few studies have identified the tet 

genes responsible. The distribution of these genes varies depending on the isolates 

sampled; all the same tet A and tet B are the most frequently detected tet genes among the 

different serovars (55). Resistance to phenicols is mediated through enzymatic inactivation 

by type A or B acetyltransferases ( Cat) as well as export of Chloramphenicol by specific 
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efflux proteins. Two different Cat A proteins, encoded by catAJ and catA2 have been 

described (55). 

Resistance to aminoglycosides is normally as a result of modifying enzymes which 

attach certain groups to the aminoglycoside molecule hence curtailing its antibacterial 

activity. Three different classes of aminoglycoside-modyfying enzymes have been 

described hitherto, namely, O-adenyltransferases, N-acetyltransferase and O­

phosphotransferases. There are about 20 aminoglycoside-O-transferase genes (aad). 

Among these only those whose products act at position 3" [aad4, (3 ''.)] and 2" [aadB,(2 ''.)] 

have so far been identified in Salmonella. The aaAd genes mediate resistance to 

Streptomycin and Spectinomycin whereas aadB genes confer resistance to Gentamycin,, 

Kanamycin and Tobramycin (55). 

Trimethoprim resistance frequently occurs in Enterobacteriaceae and is primarily 

due to replacement of a Trimethoprim sensitive dihydrfolate reductase by one that is 

resistant to the antibiotic. Thus far about 30 different resistance genes have been identified 

and are grouped in two major categories, d.fr A and d.frB. While d.frB genes are yet to be 

identified in Salmonella, there are a total of 13 different d.frA genes which are mainly borne 

in mobile genetic elements within the bacteria (55). Similarly, resistance to the quinolone 

Nalidixic acid (MIC~ 32 µg/ml) correlates with mutations causing decreased susceptibility 

to Ciprofloxacin (MIC~ 0.125 µg/ml) (61). Resistance against flouroquinolone has been 

reported to be due to a mutation in the quinolone determining region of gyrA leading to 

amino acid changes Ser83Ala and Asp87Asn.While high level flouroquinolone resistance 

has been attributed to the action of an effiux pump system mediated by AcrAB-TolC (7). 

Resistance to sulphonamides among the Salmonella isolates is largely mediated by 
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three different sulphonamide resistance genes sull (represents part of the 3'CS of classl 

integrons ), sul2 and sul 3 all of which code for sulphonamide resistant dihydropteroate 

synthases (55). Conversely resistance to penicillins and cephalosporins is mainly as a 

result of B-lactamase enzymes which inactivate the antimicrobials. There are about 350-

400 different enzymes in this group from both Gram negative and Gram positive bacteria 

(12). Elevated MI Cs 8(2'.: 8 µg/ml) to Ceftiofur are usually indicative of the presence of the 

AmpC gene and decreased susceptibility (MIC 2'.: 2 µg/ml) to Ceftriaxone. 

Integrons and Antibiotic Resistance 

The spread of mobile genetic elements especially transposons plasmids and 

integrons has greatly contributed to the rapid spread of antibiotic resistance among several 

bacterial genera of human and veterinary importance ( 41 ). According to Bennet (8) "An 

integron is defined as a genetic element that possesses a site, attl, at which additional DNA, 

in the form of gene cassettes, can be integrated by site-specific recombination, and which 

encodes an enzyme, integrase, that mediates these site-specific recombination events" 

(Figure 1 ). The gene cassettes are mobile, free, non-replicating DNA molecules that are 

usually part of a plasmid or bacterial chromosome (8, 34 ). The gene cassette contains one 

gene and a 59 base element that function as a specific recombination site. The genes carried 

on gene cassettes usually lack promoters and are expressed from a promoter on the integron 

(25, 40). Four classes (class 1-4) of integrons have been described. The structure of the 

integron includes a 5'-conserved segment and variable region. The 5'-conserved segment 

consists of the inti gene (integrase) and a promoter region expressing the inserted gene(s). 

For class 1 integrons, the 3' conserved segment contains the defective quaternary 
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ammonium resistance gene qacEDl and the sull gene, which encodes resistance to 

sulfonan1ides (25, 34). The variable region, located between the two conserved segments, is 

the site for the insertion of antibiotic resistance gene cassettes. Class 1 integrons are the 

most widespread and have also been identified on transposable elements such as mercury 

resistance transposon Tn21 (3 7). Class 2 and 3 have been associated with transposon Tn 7 

are rare and are usually borne on plasmids (56). While the class 4 integron is a 

chromosomal super-integron located on the genome of Vibrio choerae (43). These super 

integrons are the likely source of resistance gene cassettes that could be donated to other 

bacteria hence conferring antibiotic resistance. 

Figure 1. Schematic of class 1 integron. The structure includes the integrase gene inti 
which codes for the enzyme intergrase, a recombination site (aft I) , and an array of 
resistance gene cassettes and a short recognition site for recombination (attC). (Adapted 
from Foley and Lyne(29)) 

In a study by Molla et al., (59) up to 53.1 % of Salmonella isolates from slaughter 

animals and food products of animal origin in Ethiopia were positive for class 1 integron 

although none was positive for class 2 integron. In the US, Gold stein et al., (34) reported 

that up to 63.1 % of Salmonella isolates from avian species that were tested, had class 1 

integrons while 8.3% of them had multi drug resistance. Miko et al. , (56) reported 65 % of 

multi-drug Salmonella isolates bearing class 1 integrons 1and only 10% had class 2 

integrons. A higher prevalence of up to 74% of class 1 integrons in Salmonella isolates 

from a veterinary teaching hospital in Colorado state University (CSU) have been observed 

(26). It is therefore evident that these integrons especially class 1, play an important role in 
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the observed antimicrobial resistance, although this is yet to be effectively quantified 

epidemiologically. 

Food borne Illness and Antibiotic Resistance 

According to Mead et al., (54) more than 200 known diseases are transmitted through 

food. Causes range from bacteria and parasites to prions and toxins, with symptoms 

ranging from mild gastroenteritis to severe neurological, hepatic and renal syndromes. 

Some of the major food borne pathogens include Campylobacter jejuni, Escherichia coli 

0157:H7, Listeria monocytogenes, Salmonella, Norwalk-like viruses and Cyclospora 

cayetanensis, some of which were not recognised as food borne illness just 20 years ago 

(54). 

Apart from the emergence of new food borne pathogens, many of the already 

existing ones such as some Salmonella serovars, are displaying resistance to major 

antimicrobials like third generation cephalosporin and flouroquinolones used in the 

treatment of patients. This situation is compounded by the lack of adequate information 

about how this resistance is acquired and hence making it hard to control (54, 58, 70). 

Salmonella 

Genera from the family Enterobacteriaceae are known to inhabit the intestinal tracts 

of humans and animals. These include both nonpathogenic species (the commensals) and 

pathogenic species (34, 44). Due to the close association of these species in the intestinal 

tract and frequent exposure to various antimicrobials, there is potential for the 

dissemination of antibiotic resistance genes. In vitro studies have shown that E. coli is 

capable of transferring resistance to other bacterial species, such as Salmonella spp., which 
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are disseminated through the human food chain (11, 54, 76). This mechanism of transfer is 

widespread and hence has been proposed as a leading cause behind the dissemination of 

resistance in the past 5 decades (24). With the growing problem of antimicrobial resistance, 

a detailed understanding of the family Enterobacteriaceae is therefore imperative for 

development of effective mitigation measures. 

Salmonella is one of the genera within this family that has received great focus in the 

recent past due to its ubiquitous nature, capacity to cause invasive disease, increasing 

resistance seen among its serovars and its persistent high levels in the population despite 

several mitigation efforts. These factors also make it a good indicator of the AMR status in 

other genera. Salmonellae are divided into 2 main species namely, Salmonella enterica and 

Salmonella bongori. Majority of the serotypes (over 99%) are grouped into the species 

Salmonella enterica making up a total of more than 2,500 serotypes of Salmonella which 

can be differe.ntiated on the basis of cell wall "O" and flagella "H" antigens. A smaller 

number of these serotypes are significantly associated with animal and human disease 

including Typhimurium, Enteritidis, Newport, Heidelberg, and Montevideo (17, 46, 47, 

90). 

The disease that is produced by Salmonella infection is called salmonellosis. 

Manifestation of the disease syndrome may va.."Y from a mild self-limiting gastroenteritis, 

to more invasive bacteraemia and typhoid fever. Typhoid fever, which is caused by 

Salmonella enterica serovar Typhi, is specific to humans and is therefore only associated 

with human transmission, while the non typhoidal form of the disease is zoonotic and often 

self limiting ( developing in 6-72 hours and lasts about 2-7 days). However, this non 

typhoidal form may also assume an invasive nature which usually requires the use of 
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antimicrobials for treatment. Hence, with the emergence of antibiotic resistance and the 

prevalence of immuno-compromised individuals, especially in developing countries, the 

situation is bound to get increasingly complex (10, 29, 46, 65). 

Approximately 95% of cases of human salmonellosis are associated with the 

consumption of contaminated products such as meat, poultry, eggs, milk, seafood, and fresh 

produce (23, 29, 33). An observation that has further been supported by demonstration of a 

clear overlap in serovars that cause disease in humans and those commonly isolated from 

different food sources ( 18). Additionally, the greater consumption of poultry, pork and beef 

over the past century has increased the level of exposure among many Americans to 

Salmonellae, many of which also bear MDR factors (14, 105). Multiple drug resistance 

(MDR) among the pathogenic Salmonella serotypes is being detected with greater 

frequency, including third-generation cephalosporins and flouroquinolones, which are 

recommended_ for the treatment of severe infections (29, 46, 51, 90). In the US, several 

reports exist of AMR and MDR in Salmonella isolates from humans and animals. For 

instance in North Dakota a study by Oloya et al., (68) observed that most of the animal 

salmonellosis cases were reported in cattle (64.7%) with greater multi-drug resistance 

(MDR) being seen in animals as compared to human isolates. A similar study in the area 

reported a MDR prevalence of 75.7% among Salmonella isolates from steers reared in a 

feedlot (47), while lower AMR levels in Salmonella isolates (37.8%) were reported by 

Dargatz et al., (23) where only 11.7% of the isolates displayed MDR patterns. 

Much of the multi-drug resistance seen among these Salmonella isolates has been 

attributed to the emergence and spread of the multi drug resistant S. typhimurium DT 104 

over the last ten years (77, 104 ). The genetic determinants of this strain are embedded in a 
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43kb island Salmonellae Genomic island (SG 1) which is made up of integrons with various 

genes that code resistance to antimicrobials such as Tetracycline (Tet G), Chloramphenical 

(Flo) and Streptomycin (aadA2). It has been noted that, regardless of origin (food animal or 

human), these MDR-DT104 strains have had the same gene cassettes (5, 41, 42, 79, 91, 

108) and while remoYal of antibiotic pressure should normally help reverse or slow 

development of resistance, this genomic island mediates persistence of these genes even in 

the absence of the prevailing antibiotic pressure (7, 39-41). Also of concern is the 

increasing trend of additional resistance among these DT 104 isolates to Trimethoprim and 

Ciprofloxacin which have been reported in the UK (77, 80). Fortunately no DT104 R-type 

ACSSuT isolates in the United States have shown resistance to Trimethoprim or 

Ciprofloxacin. 

In developing countries such as Uganda, a few comparative reports exist of AMR 

and MDR in Salmonella and other Gram negative bacteria. Bachou et al., (6) noted that non 

typhoidal Salmonella species were the most common cause of bacteraemia in severely 

malnourished children in Uganda. Most of these Salmonellae were resistant to 

Chloramphenicol, Ampicillin and Co-trimoxazole. Similarly Anguzu et al.,(3) observed 

high resistance amongst Gram negative bacteria to Ampicillin Chloramphenicol and 

Amoxcyllin while Karuiki et al., ( 46) reported MDR in 44.3% of non typhodial Salmonella 

(NTS) isolates obtained from cases of invasive non typhoidal infections in Kenya. In Zaire 

and Rwanda multi-drug resistant NTS have been cited as a major cause of bacteraemic 

illness among children (19, 36). Several studies have linked some of the observed 

resistance in Salmonella serovars, in both animals and humans, to the use of antimicrobials 

in the treatment and production of food animals with great public health repercussions (31, 
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58, 63). Therefore, a better understanding of the antimicrobial resistance patterns in 

Salmonella in developing countries and its associated epidemiology cannot be 

overemphasised. 
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MATERIALS AND METHODS 

Study Design 

The design was a retrospective study in which Salmonella isolates included were collected 

either as part of diagnostic procedures for large animal patients or as part of an active 

hospital surveillance program and were obtained from the Veterinary Diagnostic 

Laboratory (VDL) at North Dakota State University (NDSU) and the North Dakota 

Department of Health (NDDoH), respectively. Uganda was chosen as a developing nation 

that had preexisting research partnership between NDSU Department of Veterinary and 

Microbiological Sciences (VMS) and Makerere University (MAK) Kampala Uganda. 

Additional Salmonella isolates were obtained from the Microbiology Department at the 

Faculty of Veterinary Medicine, MAK, Kampala Uganda. 

Ethical Approval 

Approval to carry out this project was granted by the NDSU Institutional Review Board 

and Institutional Biosafety Committee. Pursuant to this was the training of all involved 

personnel in ethical policies that govern research on human cases. In Uganda, similar 

approval was obtained from the Uganda Council of Science and Technology, which 

oversees all ethical matters regarding research in Uganda. 

Salmonella Isolates 

This study used Salmonella isolates obtained from clinical cases of bovine and 

human salmonellosis that were presented at the VOL and NDDoH respectively during the 

2003-2008 period. All isolates were cultured and characterised according to methods 
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optimised for Salmonella detection (47, 68). Additionally, samples were retrieved from 

archives present at the Microbiology Department, Faculty of Veterinary Medicine at MAK. 

Antimicrobial Susceptibility Testing 

Antimicrobial resistance of each Salmonella isolate was determined using a panel of 

15 antimicrobials as per the manufacturer's instructions (Sensitire, Trek Diagnostics 

System, Westlake, Ohio). Each CMVIAGMF (Sensititre Gram Negative NARMS) plate 

that was used for resistance screening contained a full range of minimum inhibitory 

concentrations (MIC). The panel consists of96-well microtitre plate containing 15 different 

NARMS antimicrobials over a wide range of concentrations. The inoculation of the panels 

was done in accordance with the manufacturer's instructions (Trek Diagnostics). Sensititre 

panels were read using the Sensititre Automated Reading and Incubation System (ARIS; 

TREK Diagnostic Systems) after which results were transferred to the Sensititre for 

Windows (SWIN) software for interpretation. 

The antimicrobials tested were Amikacin, Amoxicillin/clavulanic acid, Ampicillin, 

Ceftiofur, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Gentamicin, Kanamycin, 

Nalidixic acid, Streptomycin, Sulfizoxazole, Tetracycline, and Trimethoprim 

/sulfamethoxizole (Table 1). Antimicrobial minimal inhibitory concentrations (MICs) for 

® 
Salmonella were determined according to manufacturer instructions using the Sensititre 

semi-automated antimicrobial susceptibility system (Trek Diagnostic Systems, Westlake, 

Ohio). Antimicrobial resistance was determined using Clinical and Laboratory Standards 

Institute (CLSI, formerly NCCLS) standards, when available. For antimicrobial agents 

without CLSI approved standards, National Antimicrobial Resistance Monitoring System 
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(NARMS) interpretive criteria as established by the NARMS working group were used. 

Table 2 lists antimicrobials tested and their breakpoints for Salmonella. 

Table 1 : Concentrations of antimicrobials in NARMS broth micro dilution panel 
CMVIAGNF 
CLSI Subclass 

Aminoglycosides 

Aminopenicillins 

P-Lactamase inhibitor 

combinations 

Cephalosporins 

(3rd generation) 

Cephamycins 

Folate pathway inhibitors 

Phenicols 

Floroquino lones 

Quinolones 

Sulfonamides 

Tetracyclines 

Antimicrobials 

Amikacin 

Gentamicin 

Kanamycin 

Streptomycin 

Ampicillin 

Amoxicillin-Clavulanic 

acid 

Ceftiofur 

Ceftriaxone 

Cefoxitin 

Trimethoprim­

Sulfamethoxazole 

Chloramphenicol 

Ciprofloxacin 

Nalidixic acid 

Sulfisoxazole 

Tetracycline 

17 

Concentration (JJ,g/ml) 

0.5-6.4 

0.25-16 

8-64 

32-64 

1-32 

l /0.5-32/16 

0.12-8 

0.25-64 

0.5-32 

0.12/2.38-4/76 

2-32 

0.015-4 

0.5-32 

16-256 

4-32 



Table 2: Antimicrobials contained in National Antimicrobial Resistance Monitoring 
System (NARMS) panel and their resistance breakpoints as described by the Clinical and 

Class Agent Susceptible Intermediate Resistant 

Aminoglycosides Amikacin S 16 32 ~64 

Gentamicin :s4 8 ~16 

Kanamycin $16 32 ~64 

Streptomycin S32 NA ~64 

Aminopenicillins Ampicillin s;8 16 ~32 

Blactam/Blactamase Amoxicillin $8/4 16/8 32/16 

Inhibitor 2combinations /Clavulanic acid 

Cephalosporins Ceftiofur '.S2 4 ~8 

Ceftriaxone s;8 16-32 ~64 

Cephalothin s;8 16 ~32 

Cephamycin Cefoxitin $256 16 ~32 

Folatepathwayinhibitors Sulfamethoxazole $2/38 NA ~512 

/Sulfisoxazole 

Trimethoprim $8 NA ~4/76 

/Sulfamethoxazole 

Phenicols Chloramphenicols s;8 16 ~32 

Quinolones Ciprofloxacin '.SI 2 ~4 

Nalidixic acid '.SI 6 NA ~32 

Tetracyclines Tetracycline :s4 8 ~16 

Laboratory Standards Institute (CLSI). 
Source National Committee for Clinical Laboratory Standards (62). 
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Class 1 Integron Detection 

Class 1 integron detection was accomplished by characterization of the molecular 

structure of the Salmonella isolates using PCR primers specific for class 1 integrase (Int-F 

and Int-R), a 280 bp amplicon (34). The protocol used was previously described by Miko et 

al., (56). Briefly, the amplifications were performed in 23 µl SX ofTaq PCR (Polymerase 

Chain Reaction) Master Mix (Promega), 10 pmol/L each primer, and 2 µl template DNA. 

In order to extract the DNA Proteinase K was added to the samples and heated at 94°C for 

5 min followed by 35 cycles of I min at 94°C, 1 min at 55°C, and 30 sat 72°C. PCR 

products were analyzed by gel electrophoresis with 1.5% agarose gels. All PCRs included 

both positive and negative controls. 

Class 2 Integron Detection 

Some isolates from Uganda were tested for the presence of class 2 integrases by 

single PCR reaction using primers specific for the class 2 integrase gene, a 233 bp 

amplicon (34). The protocol used was similar to that employed by Miko et al., (56). 

DNA Purification and Sequencing 

A representative sample of 24 isolates of Salmonella was selected according to the 

size (gene profile) each isolate contained and the host; at least two isolates per host from 

each size was picked. The single reaction PCR was followed to amplify the conserved 

sequence as previously described by Nde et al., (63). The amplification products were 

purified using The Wizard® SV Gel and PCR Clean-Up System according to 

manufacturer's instruction. Briefly, to each unit volume of PCR products, an equal amount 

of membrane binding solution (Promega) was added. A SV minicolumn with a 2ml 
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collection tube was set for each PCR sample. The DNA sample was added to the column 

and centrifuged for 60s at l 6000xg and the flow through discarded. The columns were 

washed with 0.7 mls of membrane wash solution (Promega) and centrifuged for another 

60s. The flow-through was discarded and the column was replaced into the collection tube 

and a further 0.5mls of the membrane wash solution added. The columns were then 

centrifuged for an additional 5 min at l 6000xg. There after each column was placed in a 

clean 1.5 ml microcentrifuge tube. DNA elution was completed by adding 50µ1 of nuclease 

free water (Promega) to the center of the Promega column membrane and centrifuged for 1 

min. The column was removed and the elute was stored at 40°C until use. Purified DNA 

was sent to Macrogen USA for sequencing. The sequences were compared with the data in 

the Gen Bank (h.1!11.:{!}!~~~!:.ncbi.nlm.nih.gu\/BI ,AS IJ 

Data Analysis 

Descriptive statistics of antimicrobial resistance profiles and class 1 integrons 

detected within the Salmonella isolates were computed using Epi Info version 3.3.2 

software (Epi Info™, U.S. Centers for Disease Control and Prevention (CDC), Atlanta, 

GA). A Chi-square test was carried out to assess the level of association between the 

observed AMR and the presence of Integrase 1 gene in the Salmonella isolates. This was 

determined by computing the odds ratio and 95% confidence intervals as previously 

described by Khaitsa et al., ( 48). In this analysis the antimicrobial resistance was coded as 

absent (0) or present ( 1 ), with the intermediate resistance being considered as resistant. 

Multi-drug resistance by CLSI antimicrobial subclass was defined as resistance to two or 

more subclasses. 
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A measure of effect of the presence of class 1 integron in Salmonella isolates on 

resistance to specific antimicrobials was determined by computing the attributable risk, 

risk ratio and attributable .fraction. A p-value of 0.05 was used to determine the level of 

significance in the calculated results. In cases where any of the expected out comes had a 

value less than 5 (hence nullifying the assumptions of the Chi square test) Fisher's exact 

test was used to verify the level of significance in the observed difference. 
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RESULTS 

Antimicrobial Resistance (AMR) 

Overall, Salmonella isolates exhibited the highest antimicrobial resistance towards 

Tetracycline (39.60%), Streptomycin (34.70 %), Sulfisoxazole (33.10%), Ampicillin 

(32.60%) and Chloramphenicol (31.40%) (Figure 2). This antimicrobial resistance pattern 

was similar to that observed in Salmonella isolates from cattle where the highest resistance 

frequency was seen against Tetracycline (61.0%, 102/170), Streptomycin (54.80%, 

94/171), Ampicillin (53.20%, 91/171), Sulfisoxazole (51.40%, 88/171) and 

Chloramphenicol (47.40%, 81/171). Among Salmonella isolates from humans, high 

antimicrobial resistance (AMR) frequencies were reported against Tetracycline 19.40%, 

37/186), Chloramphenicol (16.70%, 31/186), Streptomycin (16.40%, 32/186 ), 

Sulfisoxazole (16.10%, 30/186) and Ampicillin (13.44% 25/186) (Figures 3, 4). 
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Figure 2: Overall resistance profile of North Dakota Salmonella isolates against National 
Antimicrobial Resistance Monitoring Systems panel of antimicrobials. 
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Figure 3: Comparison of overall resistance profile and antimicrobial resistance patterns in 
cattle Salmonella isolates from North Dakota. 
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Figure 4: Resistance profile of cattle and human Salmonella isolates from North Dakota 
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Clinically Important Antimicrobials 

According to the World Health Organisation (WHO), antimicrobials can be 

grouped into three major categories based on their importance to human medicine (96). The 

three groups are; the critically important agents, the highly important agents and the 

important agents (Table 3). A substantial proportion of the tested Salmonella isolates 

showed resistance to several antimicrobials within the critically important agents as 

follows: Streptomycin 34.70% (113/326); [54.8% Cattle 85/155 and 16.4% Human 

28/171], Ampicillin 31.90% (114/357); [ 52% Cattle 89/171 and 13.4% Humans 25/186], 

Amoxicillin-Clavulanic acid 25.80% ( 92/357); [ 41.5% Cattle 71 /171 and 11.3% Humans 

21/186] ,Ceftiofur 15.70% (56/357); [ 28.10% Cattle 48/171 and 4.30% Humans 8/186]; 

Ceftriaxone 9.50 % (34/357) [16.4% Cattle 28/171 and 3.20% Humans 6/186] (Figure 5). 

The resistance pattern among the clinically important antimicrobial subclasses­

quinolones (represented by Nalidixic acid) and third-generation cephalosporins 

(represented by Ceftiofur) showed that 10 (5.40%) of the humans and 7 (4.60%) of the 

cattle isolates were resistant to Nalidixic acid, a drug in the same class with Ciprofloxacin. 

Of the 17 Nalidixic acid resistant isolates, :7 (2.4%) also had reduced susceptibilities 

against ciprofloxacin (MIC >0.25) (20) . Also, 56 (15. 70%) of all isolates tested were 

resistant against Ceftiofur, 48 (28.10%) from cattle and 8 ( 4.30%) from humans. Resistance 

to Nalidixic acid was relatively stable at about 5% over the 3 years (2005-2008) with the 

lowest prevalence (3.1 %, 1/32) recorded in 2008. As for Ceftiofur, the resistance increased 

from 0% to 21.90% in 2008 with a peak (33.80%) in 2006. This was closely mirrored by 

the prevalence of the MDR-AmpC (ACSSuT phenotype+ resistance to Amoxicillin and 
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Ceftiofur) phenotype which, like Ceftiofur resistance, first appeared in 2004 and peaked in 

2006 (Figure 6). 

Table 3: World Health Organization categorisation of antimicrobials of critical importance 
to human beings 

Critical 

Importance 

I 

*CLSI Subclass 

Aminoglycosides 

Aminopenicillins 

. ~-Lactamase inhibitor 

combinations 

Cephalosporins 

(3rd generation) 

Ketolides 

Macrolides 

Quinolones 

Antimicrobial 

Agent 

Amikacin 

Gentamicin 

Streptomycin 

Ampicillin 

Amoxicillin-

Clavulanic acid 

Ceftriaxone 

Telithromycin 

Azithromycin 

Erythromycin 

Ciprofloxacin 
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Categorization of 

Antimicrobials 

Critically important 

Critically important 

Critically important 

Critically important 

Critically important 

Critically important 

Critically important 

Critically important 

Critically important 

Critically important 



Table 3 (continued) 

Critical *CLSI Subclass Antimicrobial Categorization of 

Importance Agent Antimicrobials 

II Aminoglycosides Kanamycin Highly important 

Cephalosporin Cephalothin Highly important 

(1st generation) 

Cephamycins Cefoxitin Highly important 

Folate pathway T rimethoprim- Highly important 

inhibitors Sulfamethoxazole 

Phenicols Chloramphenicol Highly important 

Sulfonamides Sulfamethoxazole Highly important 

Sulfisoxazole Highly important 

Tetracyclines Tetracycline Highly important 

III Lincosamides Clindamycin 

*CLSI-Clinical and Laboratory Standards Institute 
Source WHO 2003 (95). 

Among the Salmonella isolates from Uganda high resistance was seen against 

Sulfisoxazole (86.10%), Trimethoprim (76.40%), Chloramphenicol (73.60%), 

Streptomycin (66.70%), Ampicillin (66.70%) and Tetracycline (56.90%) (Figure 7). Some 
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of these drugs fall under the WHO described group of critically important drugs in human 

medicine (Figure 8). The highest resistance was observed against Sulfisoxazole in cattle 

(83.3%, 8/12) and humans (91.2%, 52/57) followed by Trimethoprim in humans (85.7%, 

48/12) and Nalidixic acid (72.73%, 8/11) in cattle. Relatively high resistance to 

Ciprofloxacin (a drug of choice for treatment of salmonellosis in humans) was seen in 

cattle-27.30% (3/11) and 14.29% (8/576) human isolates (Figure 7, 9). 
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Figure 5: Resistance profile of cattle and human North Dakota Salmonella isolates against 
critically important antimicrobials. 

The lowest resistance was recorded against Amikacin and Ceftriaxone 16. 70% 

(2/12) among cattle isolates and Amikacin 0% (0/56) among human isolates (Figure 9). 
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Multi drug Resistance (MDR) 

Overall, out of 359 Salmonella isolates tested 24. 79% (89/359) were resistant to 2:5 

antimicrobials while 36.20% (130/359) were resistant to at least 2. For cattle and human 

isolates 52.60% (91/173) and 20.97% (39/186), respectively, had resistance to 2:2 

antimicrobials while 42.20% (73/173) and 8.60% (16/186) respectively, were resistant to 

2:5 antimicrobials. 

-+-Nalidixic Acid ... ceftiofur Ceftriaxone 

35 

5 

0 
2003 2004 2005 2006 2007 2008 

Year 

Figure 6: Comparison of resistance trends of cattle and human Salmonella isolates from 
ND 2003-2008. 
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Pan susceptible isolates were 28.20% (66/173) in cattle and 65.05% (121/186) in 

humans (Figure 10). The most common multiple drug resistance phenotype among the 

Salmonella isolates was the classic ACSSuT (Ampicillin, Chloramphenicol, Streptomycin, 

Sulfisoxazole, Tetracycline) penta-resistance at 29.06% (50/172), followed by the MDR­

AmpC phenotype with a total of 18.02% (31/172). 
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Figure 7: Resistance profile of cattle and human Salmonella isolates from Uganda. 
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Figure 8: Resistance profile of cattle and human Salmonella isolates from Uganda against 
critically important antimicrobials. 

In cattle, the pre4ominant phenotype was resistance to at least ACSSuT · 

making up to 42.99% ( 46/107) of the total MDR isolates in cattle followed by resistance to 

at least MDR-AmpC 21.50% (23/107). In humans the majority of MDR isolates displayed 

the MDR-AmpC pattern - 12.31 % (8/65) followed by the phenotype resistant to 

Gentamycin, Streptomycin and Sulfisoxazole (7.8 %, 5/65). Of all the MDR-AmpC 

isolates observed in both cattle and humans, 5 of them had resistance to Nalidixic acid 

three of which also had resistance to Trimethoprim; 11 of them were resistant to 

Trimethoprim only (a drug also used for the treatment of invasive salmonellosis). Presence 
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of the MDR phenotype ACSSuT or MDR-AmpC was not significantly associated with 

presence of integron 1 (p value < 0.05). 
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Figure 9: Comparison of antimicrobial resistance profiles from cattle and human 
Salmonella isolates from North Dakota and Uganda. 

Out of all the multidrug resistant isolates (resistant to 2 or more antimicrobials) 

only 2 (1.16%) were resistant to Nalidixic acid while 54 (31.40%) were resistant to 

Ceftiofur. Of the 72 Salmonella isolates from Ugandan that were tested, 94.4% (68/72) 

were resistant to ~2 antimicrobials while 74.6% were resistant to ~5. All isolates were 

resistant to at least 1 antimicrobial (Figure 11 ). 
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Figure 10: % Multi drug resistance (MDR) in Salmonella isolates from North Dakota. 

The most common multiple drug resistance phenotype among the Salmonella 

isolates was resistance to ACSSuT and Trimethoprim (Ampicillin, Chloramphenicol, 

Streptomycin, Sulfisoxazole, Tetracycline) at 27.78% (20/72), followed by the ACSSuT­

Trimethoprim and Nalidixic acid phenotype with a total of25% (18/72). 

Prevalence of Class 1 and 2 Integrons 

A total of20.70% (57/276) of the Salmonella isolates from North Dakota were 

positive for presence of the integrase 1 gene - indicative of class 1 integron presence. Of 
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these, 26. 70% (32/120) of cattle and 16.02% (25/156) of human isolates had the integrase 1 

gene (Figure 12). 
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Figure 11: Percent of multi drug resistant (MDR) Salmonella isolates from Uganda. 

Presence of class 1 integron in the Salmonella isolates was significantly associated 

with antimicrobial resistance to: Ampicillin (OR 2.78; CI 1.50, 5.14; p-value Fishers exact 

<0.001); Kanamycin (OR 2.56; CI 1.31 , 5.01 ; p-value Fishers exact < 0.001); Tetracycline 

(OR 2.12; CI 1.16, 3.90; p-value Fishers exact 0.02), Streptomycin (OR 2.58; CI 1.34, 

4.94; p-value Fishers exact < 0.02) and Sulfisoxazole (OR 3.132; CI 1.69, 5.82; p-value < 

0.001) (Table 4). 

Of the samples from Uganda, a total of 45.80% (33/72) tested positive for presence 

ofintegrase 1 gene. Of these, 45.80% (27/59) of human and 46.20% (6/13) of cattle 
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isolates, respectively, tested positive for presence of this gene. All integron 1 isolates 

displayed resistance against all antibiotics apart from Amikacin (both human and cattle 

isolates), Gentamicin and Kanamycin (cattle isolates only) (Figure 13). 

Molecular marker 

Figure 12: Image of gel with class 1 integrase amplified using Intl primers. The lanes 
contained Salmonella isolates tested. 

Out of a subset of 30 isolates from Uganda 3 (10%) of them tested positive for 

integron 2 (10%, 3/30). There were higher proportions ( 47.9%, 34/72) of integron positive 

multi drug resistant Salmonella isolates from the Salmonella samples in Uganda compared 

to those from ND (29.85%, 40/134). Presence of class l integron was significantly 
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associated with AMR to Tetracycline (OR 5.94, CI 1.85, 19.09; p-value < 0.001) and 

Amoxicillin (OR 4.41; CI 1.442, 13.497, p-value < 0.01) (Table 5). 
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Figure 13: Proportion of integron positive resistant Salmonella isolates from humans and 
cattle in Uganda. · 

Association of Class 1 Integron to the Observed Antimicrobial Resistance 

Of all the Salmonella isolates with resistance to >5 antimicrobials, 32.35% (22/68) 

had the integrase 1 gene. Of these 17 (30.90%) were from cattle and 5 (38.50%) from 

humans. In order to quantify the level of contribution of the presence of class 1 integron in 

the Salmonella isolates, to the observed resistance towards the different antimicrobials, an 

attributable fraction (AF) was computed. 
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Table 4: Association of antimicrobial resistance and presence of class 1 integron among 
Salmonella isolates from North Dakota 

Odds Lower Upper Attributable 

Antimicrobial ratio CI CI P-values Fraction 

Amikacin Undef Undef Undef 0.04 

AMOX/CLA 1.75 0.92 3.33 0.04 

Ampicillin 2.78 1.50 5.14 < 0.01 33.84% 

Cefoxitin 0.87 0.14 1.20 0.14 

Ceftiofur 0.90 0.39 2.08 0.41 

Ceftriaxone 1.08 0.41 2.78 0.43 

Chloramphenicol 1.02 0.53 1.96 0.47 

Ciprofloxacin Undef Undef Undef 0.01 

Gentamicin 2.21 0.89 5.48 0.27 

Kanamycin 2.56 1.31 5.01 < 0.01 17.13% 

Nalidixic acid 1.55 0.04 4.96 0.48 

Streptomycin 2.36 1.34 4.94 0.02 33.07% 

Sulfisoxazole 3.13 1.69, 5.82 < 0.01 37.26% 

Tetracycline 2.12 1.16 3.90 < 0.01 29.92% 

Trimethoprim 1.39 0.27 7.11 0.34 

1 Undefined 
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Table 5: Association of antimicrobial resistance and presence of class 1 integron among 
Salmonella isolates from Uganda 

Odds Lower Attributable 

Antimicrobial ratio CI Upper CI P-Values Fraction 

Amikacin 4.14 0.4893 22.58 0.2185 

AMOX/CLA 4.41 1.44 13.50 0.0048 36.31% 

Ampicillin 1.766 0.62 5.03 0.013 

Cefoxitin 1.12 0.32 22.46 0.52 

Ceftiofur 1.10 0.25 4.82 0.61 

Ceftriaxone 2.0 0.58 7.88 0.26 

Chloramphenicol 1.38 0.46 4.16 0.27 

Ciprofloxacin 0.74 0.21 2.62 0.42 

Gentamicin 2.10 0.69 6.03 0.09 

Kanamycin 0.84 0.32 2.44 0.47 

Nalidixic acid 0.93 0.12 7.09 0.62 

Streptomycin 2.56 0.91 8.39 0.06 

Sulfisoxazole 5.50 0.61 49.80 0.11 

Tetracycline 5.94 1.85 19.09 < 0.01 69.23 

Trimethoprim 3.60 0.88 14.75 0.40 

For Salmonella isolates from North Dakota presence of class 1 integron was a significantly 

associated with resistance to several of antimicrobials with the following values of AF: 

Ampicillin 33.84%; Sulfizoxazole 37.26%; Streptomycin 33.07%; Kanamycin 17.13%; 

Tetracycline 29 .92%. Among the isolates from Uganda 36.31 % of resistance towards 
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Amoxicillin and 65.20% of Tetracycline was attributed to presence of class 1 integron 

(Table 5). 

DNA Sequencing 

After amplification of the variable region in selected class 1 integron positive 

Salmonella isolates using primers specific for the 5 'CS and 3 'CS several amplicons of 

various sizes were detected among the isolates. The most frequently encountered profile 

had an amplicon that had 1000 bp followed by a 750 bp amplicon and lastly a 2000 bp 

amplicon (detected among the isolates from Uganda). Only 63.33% (57/90) of integrase 

l(lnt 1) positive Salmonella isolates from North Dakota and 67.39% (31/46) of those from 

Uganda contained the integron conserved sequence in their integration site. 

In order to determine the content of the variable regions cradled within these 

integrons, the detected amplicons were subjected to DNA sequencing. Among the North 

Dakota isolates 2 gene cassette profiles were detected (1000 bp and 750 bp). Sequencing of 

the 1000 bp amplicon identified mainly the aadA family of genes including; aadAJ which 

confer resistance to Streptomycin and Spectinomycin; acetyltransferase (aac(6')-Ib-cr) 

which confers resistance to Amikacin, Tobramycin and Kanamycin. While the 750 bp 

mainly contained the dfrAJ gene. 

Among the isolates from Uganda all 3 gene cassette profiles were detected (Figure 

14). In one isolate two different gene cassette profiles wer':! identified. The identified gene 

cassettes were aadAJ which confer resistance to Streptomycin and Spectinomycin; 

dihydrofolate reductase dfrA7, dfrA5, dfrAJ which confer resistance to Trimethoprim and 

aminoglycoside acetyltransferase (aac(6')-Ib-cr) which confers resistance to Amikacin, 

Tobramycin and Kanamycin, the most common profile had a combination of more than one 
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of these genes. Additionally, one isolate depicted some similarity (91 %) to the Salmonella 

enterica subsp. enterica serovar Typhimuriun1 plasmid pSLT-BT that was identified in 

Malawi and Kenya. This isolate was implicated in an epidemic of multiple drug resistant 

Salmonella Typhimurium causing invasive disease in sub-Saharan Africa ( 49). This isolate 

had several resistant genes including aadAJ and dfrAJ gene. 

Ladder 

Profile 1-
2000 bp 

Profile 2: 
1000 bp 

Profile 3: 
750 bp 

Figure 14: 1.5% Agarose gel showing different sized integron 1 gene cassette amplicons. 
Amplification of isolates was done using their conserved sequences (CS). MW: Hi-Lo TM 
DNA Ladder was used. 
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DISCUSSION 

· lbis study reported considerable resistance against several antimicrobials among 

human and cattle clinical Salmonella isolates, from both the US and Uganda. The data 

supports previous reports (6, 28, 85, 90) that antimicrobial resistance in Salmonella is both 

a human and veterinary problem. The high resistance against Tetracycline, Streptomycin, 

Sulfisoxazole, Ampicillin and Chloramphenicol was in tandem with, although slightly 

lower than, reports from four other state veterinary diagnostic laboratories in the US (AZ, 

NC, MO, and TN) where resistance was most often observed against Tetracycline, 

Streptomycin, Sulfisoxazole, Ampicillin and Chloramphenicol (107). Salmonella isolates 

from ND showed a slightly lower resistance towards Tetracycline, Streptomycin 

Sulfisoxazole, Ampicillin and Chloramphenicol compared to isolates from Uganda where 

greatest resistance was towards Tetracycline Streptomycin, Sulfisoxazole, Ampicillin and 

Chloramphenicol. This difference could be attributed to the easy access to antimicrobials 

by the general public in Uganda as compared to the US. This is made worse by over the 

counter prescription of most of these drugs, leading to poor prescription and drug 

adherence as well ( 45, 66, 67). 

In the US the observed resistance could be a reflection of the pattern of out-patient 

antibacterial use in the US, which is characterized by a high use of tetracyclines, 

macrolides (Azithromycin) and fluoroquinolones (Levofloxacin) (35). This is further 

backed by reports from the USDA ( 4) which state that approximately 25% of small feedlot 

cattle operations and 70% of large feedlot operations use antimicrobials in their feed. 

Within these set-ups approximately 31 % of cattle on small feedlot operations and 57% of 

cattle on large feedlot operations received antimicrobials via feed. Of the antimicrobials 
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used, Tetracycline and its derivatives were among the most frequently used in-feed 

antimicrobials on feedlot operations ( 4 ). The use of these antimicrobials in food producing 

animals has previously been linked to the emergence of resistant strains among human 

Salmonella isolates (1 ). 

Another interesting observation was the similarity of the reported antimicrobial 

resistance profile among Salmonella isolates from cattle in this study, to that reported in 

foods such as ground meat where high resistance has been observed against Tetracycline 

(80%), Streptomycin (73%) and Sulfamethoxazole (69%) (92). This represents a possible 

route of spread of antimicrobial resistance from the cattle population to the human 

population (28, 68) through contamination of food products such as meat and poultry, a 

route that has already been identified as a potent conduit for transmission of these 

pathogenic isolates from animals to humans (102). However, the Salmonella isolates from 

cattle were resistant to three different kinds of cephalosporins as opposed to what had 

previously been cited among Salmonella isolates from feedlot steers in the area where all 

isolates were susceptible to cephalosporins ( 4 7); this difference is possibly due to the fact 

that the Salmonella isolates used in this study were from sick cattle while the feedlot cattle 

were apparently healthy. It has been postulated that exposure to antimicrobial agents could 

lead to the selection of these resistant isolates which then proliferate within the host and 

cause disease (3 3 ). 

Third-generation cephalosporins (such as Ceftriaxone) and fluoroquinolones (such 

as Ciprofloxacin) are choice drugs for the treatment of invasive forms of Salmonella 

infections in humans in the US. In this study, we reported the presence of Salmonella 

strains that were resistant to these important classes of antimicrobials. Up to 17 ( 4. 7%) 
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isolateswere resistant to Nalidixic acid while 56 (15.70%) of all isolates tested were 

resistant to Ceftiofur. A total of 7 ( 2.4%) isolates also had reduced susceptibilities against 

ciprofloxacin (MIC 2: 0.25 µg/ml) (20). This emergence of isolates resistant to Nalidixic 

acid with reduced susceptibilities to Ciprofloxacin is of great concern given the possibility 

of treatment failures as has previously been reported (78). The use of the flouroquinolone 

Enrofloxacin in food animals could also be influencing the emergence of such multidrug 

resistant isolates with decreased flouroquinolone susceptibility. Moreover, it has been 

previously noted that the introduction of this drug in veterinary therapeutics of food 

animals, was followed by an increase in resistance among Salmonella and Campylobacter 

isolates against quinolones and flouroquionolones (77). 

The antimicrobial resistance patterns observed also revealed unique associations, 

such as, the higher resistance to Nalidixic acid among humans as compared to the cattle. 

This could be due to the use of flouroquinolones for the treatment of invasive salmonellosis 

in adults (cross resistance). Additionally, use ofNalidixic acid in poultry medicine was 

linked to the emergence and transmission of these resistant genes from poultry products to 

humans (74). Generally there was a slight decrease in the prevalence ofNalidixic acid 

resistant bacteria from about 15% in 2003 to 5% in 2008 among the Salmonella isolates 

from North Dakota. This could be attributed to the withdrawal of flouroquinolones from 

poultry production during this time period due to a ban on its use by the FDA in 2005; in 

fact, some production units had ceased using it as early as 2000 (71 ). 

Another interesting observation was the high resistance of Salmonella isolates from 

cattle in the US to beta -lactam antimicrobials such as Ampicillin and Ceftiofur. While this 

could be attributed to the occurrence of multiple drug resistant isolates, the specific use of 
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some of these drugs in animal medicine, such as Ceftiofur (FDA approved for the treatment 

of bovine respiratory diseases) (84) could explain the greater resistance observed among 

the cattle isolates. This could also explain the considerable resistance observed against 

Ceftriaxone a drug in the same class with Ceftiofur (possibly due to cross resistance) which 

is not used in animal medicine but is indicated for treatment of invasive salmonellosis in 

children (29). 

Similarly the higher resistance observed against Kanamycin in the cattle isolates 

could be due to cross resistance as a result of Neomycin use in cattle for the control of E. 

coli associated morbidity and mortality (21). Conversely, most of the resistance seen 

against Chloramphenicol in humans was not associated with resistance to any other 

antimicrobial. This was different from the scenario in cattle where Chloramphenicol 

resistance was usually associated with presence of the classic penta-resistance phenotype­

ACSSuT (Ampicillin, Chloramphenicol, Streptomycin, Sul:fisoxazole and Tetracycline). 

This finding could be due to the fact that use of Chloramphenicol in food animals was 

prohibited by the FDA because of its tendency to cause blood dyscrasia and its potential to 

induce aplastic anaemia in humans (81 ), whereas its use in human medicine still continues, 

for infections where other antimicrobials are not effective or contraindicated (81). This is a 

clear indication of how sustained use of a drug could result in selection of resistance genes 

among commensal and pathogenic bacteria. 

Our results indicated a difference in the antimicrobial susceptibility of Salmonellae 

in different hosts (cattle and humans), and from different geographical regions. In general, 

isolates from cattle displayed a higher resistance than those from humans in North Dakota. 

The use of antimicrobials in food animals could be a major contributing factor to the higher 
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resistance seen among the cattle isolates (33, 75). This could be attributed to the selective 

pressure that results in the proliferation and dissemination of drug resistant strains (73, 89). 

However the lack of drug use information among the subjects from whom the isolates were 

obtained, limits the ability to make a definite inference linking the resistance observed 

against particular antimicrobials and antimicrobial use 

For Salmonella isolates from Uganda resistance frequencies were equally high in 

both cattle and human isolates against most of the drugs tested, apart from Amikacin, 

Ciprotloxacin and the cephalosporins. This high resistance could possibly be due to the 

unregulated use of drugs in the in both veterinary and human medicine and the relative ease 

of access to antimicrobials in the country as previously noted. For example Penicillins and 

Trimethoprim-Sulphamethoxazole (Co-trimoxazole) are the cheapest drugs available in 

Uganda. This _would explain the high resistance seen against these drugs ( 45). Conversely, 

the high cost of extended spectrum antimicrobials such as the cephalsporins and Amikacin 

would suggest lower use in both humans and cattle and explain the low resistance observed 

(16, 45). Also, when compared to the North Dakota isolates, the isolates from Uganda 

showed much higher resistance against a wider range of antimicrobials, possibly for the 

same reason (easy access to antimicrobials) compounded by the over-the-counter purchase 

of antimicrobials without much diagnostic analysis to determine the best course of 

treatment. Reports from neighbouring Kenya indicate that Ampicillin Chloramphenicol, 

Gentamicin, Trimethorpim-Sulfamethoxazole, Penicillin and Tetracycline are used as the 

first course of treatment in tertiary referral hospitals with Amikacin, Cefuroxime, 

Ciprofloxacin and Nalidixic acid as the second line of treatment. This treatment regime 

would probably be similar in other developing countries in Africa or Asia (27, 42). 
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Therefore it is possible that the availability of these drugs within these countries would 

probably be similar. 

Moreover, the AMR levels reported in the Ugandan isolates were similar to what 

had been reported in a neighbouring country, Kenya, within the same region. Oundo et al., 

( 46, 69) reported MOR in greater than 50% of non typhoidal Salmonella (NTS) isolates 

obtained from cases of invasive NTS infections in Kenya. This supports the hypothesis that 

similar health systems and policies in developing countries could explain the rising 

antimicrobial resistance reported within these nations (67). Some of the risk factors that are 

associated with this rising level of resistance include: antimicrobial misuse and abuse. use 

of poor quality antimicrobials, use of narrow repertoire of antimicrobials on most patients, 

inadequate sanitation in health care institutions and large proportion of 

immunocompromised individuals. These results underscore the need to re-evaluate the 

current treatment regimen for salmonellosis in Uganda given the reported resistance against 

Ciprotloxacin. 

Among the ND isolates the multi-drug resistant ACSSuT phenotype was the 

predominant phenotype as previously reported (104). This phenotype has been linked to the 

emergence and spread of the multi drug resistant S. Typhimurium DT-104, whose origin 

has been linked to sea gulls. This strain has been credited with significantly contributing to 

the increase in resistance in the past ten years among Salmonella isolates and has been 

known to spread through food animals (mainly cattle, pigs, poultry) to humans (77); it has 

also been identified in other domestic and wild animals (13). 

The majority (75%, 21/28) of the MDR-AmpC (ACSSuT phenotype+ resistance to 

Amoxicillin and Ceftiofur) isolates were recovered from cattle, which is in agreement with 
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previous reports (22) of its recovery only from diseased cattle. This finding has significant 

implications both in human and animal medicine. Infection of cattle with such isolates 

would lead to complicated outcomes, and persistence of MDR-AmpC isolates within the 

cattle population consequently spilling over to the human population through diseased 

cattle or contaminated beef products as has previously been noted (21 ). In this study, 

11(39%) of the MDR-AmpC isolates were also resistant to Trimethoprim­

Sulfamethoxazole, 3 (11%) were also resistant to Nalidixic acid while 2 (7%) were 

resistant to Nalidixic acid only, in addition to the MDR-AmpC complex. It is important to 

note that resistance against Nalidixic acid is a marker for the emergence of flouroquinolone 

resistance or reduced susceptibilities. 

Among the Ugandan isolates the most common resistance observed was resistance 

to the ACSSuT pentad + Trimethoprim/Sulfamethoxazole followed by resistance to 

ACSSuT + Nalidixic acid. Resistance to the ACSSuT group could be linked to the 

emergence and spread of the notorious OT104 S.typhimurium strain globally (77) while the 

high frequency of Trimethoprim/Sulfamethoxazole and Nalidixic acid reported could be 

due to the low associated cost and introduction of oral forms of quinolones, respectively 

(67). Fluoroquinolones with Trimethoprim/Sulfamethoxazole are used for the treatment of 

invasive salmonellosis in humans (1); resistance to these drugs would therefore narrow the 

spectrum of effective antimicrobials available for treatment or control of Salmonella 

infections. Moreover, other studies (29) have also reported MOR against third-generation 

ccphalosporins and flouroquinolones which arc recommended for the treatment of severe 

infections. 
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Prevalence of class 1 integrons among the Salmonella isolates reported in this study 

(23%) was slightly lower than that identified in some previous reports (93), where up to 

43% of isolates had class 1 integrons. This difference could be due to the fact that this 

study focused on cattle and human beings while the previous study examined a wide range 

of domestic animals in addition to cattle. Antimicrobial use for treatment and prophylaxis 

varies among the different domestic animals with strong selection pressure being exerted 

where higher antibiotic use is prevalent. This in tum selects for integron carrying isolates 

that may contain and express one or more linked antimicrobial -resistance genes (92). 

However, other studies (100, 103) have reported similar prevalence of class 1 integrons in 

Salmonella to that reported in this study. Also, Salmonella isolates from Uganda had a 

higher proportion of integrase 1 gene compared to those from ND. This could be due to 

greater antimicrobial selection pressure among the isolates from Uganda. Despite the 

paucity of data on class 1 integrons in Salmonella isolates, a few reports (30, 50, 59) have 

indicated equally high prevalence of these integrons in Salmonellae isolated from both 

humans and cattle. 

Not all MOR isolates had presence ofintegrons. Up to 51.4%( 37/72) and 70% 

(251/359) of multi drug resistant Salmonella isolates from Uganda and ND, respectively, 

did not have class 1 integrons further confirming the presence of other mechanisms that 

mediate the observed resistance. This was supported by attributable fractions (AF) that 

were used to quantify the association of presence of integrons with AMR in the Salmonella 

isolates; they ranged from - 65.2 % to 17.13%, indicating that not all the AMR observed 

was explained by presence of integrons. Rather, that other mechanisms that mediate the 

observed resistance exist. 
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The presence of mobile elements such as transposons and integrons has been 

credited with the rapid dissemination of antimicrobial resistance ( 106). In our study we 

report significant associations between resistance to several antimicrobials and presence of 

class 1 integrons. The data indicated that presence of class 1 integron explained a sizeable 

proportion of the multi drug resistant profiles observed. For Salmonella isolates from North 

Dakota, presence of class 1 integron was significantly associated with resistance to some of 

the antimicrobials tested with the following values of AF: Ampicillin 33.84%; Kanamycin 

17.13%; Sulfizoxazole 37.26 %; Tetracycline 29.92%. Among the isolates from Uganda, 

36.31% of resistance towards Amoxicillin and 65.20% of Tetracycline was attributed to 

presence of class 1 integron. Also, three different class 1 integron profiles were observed 

with the most common profile being a 1.0 kb integron. Just as previously reported there 

was a high frequency of dfral (Trimethoprim) aadAJ genes (Streptomycin) (64). 

Therefore, resistance against Streptomycin and Trimethoprim among these isolates is 

largely mediated by presence of class 1 integron (38, 39, 52, I 06). The fact that the AF 

values were < I 00% indicates that other mechanisms of AMR exist. It could also mean that 

the class 1 integrons were located in extra chromosomal areas such as conjugative plasmids 

and hence were not detected in this study. Class 2 integrons could also be contributing to 

the carriage and dissemination of antimicrobial resistance genes(87). Further research 

could focus on quantifying AFs for other mechanisms that code for AMR in Salmonella 

isolates. 
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CONCLUSION 

In conclusion, our data provides valuable information about emerging trends in 

antimicrobial resistance in the study areas, which could provide information for therapeutic 

selection for treatment of infections; this is especially since MDR isolates have been linked 

to greater hospitalisations, fewer therapeutic options and more complicated outcomes (67). 

This study reports the presence of class 1 integrons conferring multiple resistance 

phenotypes among non-typhodial Salmonellae isolated from clinical cases of salmonellosis 

from both cattle and humans in ND and Uganda. To our knowledge this is the first report of 

the presence of class 2 and the second account of class 1 integrons in clinical Salmonella 

isolates from humans and cattle in Uganda. 

From the results it was evident that higher resistance was not only present against 

antimicrobial.s widely used in veterinary/ human medicine, but also against drugs whose 

medical use is restricted implying possible horizontal transmission mediated by molecular 

structures such as class 1 integrons. This further emphasises the importance of integrons in 

the transmission of antibiotic resistance genes in MDR Gram-negative bacteria. Therefore, 

the presence of integrons in these multi drug resistant strains from clinical samples in North 

Dakota and Uganda could result in easy dissemination of this resistance to other pathogenic 

and non-pathogenic bacteria with negative clinical implications. 

This study also shows that in both study sites a significant number of clinical cases 

of salmonellosis in both humans and cattle are caused by MDR isolates. The identical gene 

cassettes found in many of the isolates, regardless of host or geographical location, 

indicates that these genes may have a common source of origin with a capacity to readily 

be disseminated among many bacteria. This underscores the need for international co-
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operation in limiting the emergence and spread of MDR Salmonella isolates in light of the 

increased international trade and travel. However, despite the identified resistant genes, 

integrons and their associated gene cassettes did not always explain the presence of MDR 

among the tested isolates. This is clearly depicted by the presence of MDR among isolates 

that did not have any class 1 integron cassettes and would therefore be explained by other 

resistant mechanisms such as mutations, presence of efflux pumps and decreased 

permeability. This underscores the need for further molecular studies that would determine 

other mechanisms involved in explaining AMR patterns of Salmonella isolates from 

different sources and their genetic relatedness. 

To the best of our knowledge this was the first report of a Salmonella isolate in 

Uganda which showed similarity (91 %) to the multi drug resistant Salmonella enterica 

isolate that has been linked to an epidemic of multi-drug antibiotic resistance and invasive 

disease in Sub Saharan Africa. This is suggestive of a clonal spread of a virulent strain of 

Salmonella, further emphasising the need for a Pan African/global approach in its control. 

These results do point towards the need to re-evaluate the current treatment regime for 

salmonellosis in Uganda. Also containment of AMR spread could be addressed through 

educational interventions that target the patient and clinician prescribing the drugs, to 

improve drug adherence and accurate prescription. Compliance with international 

guidelines such as the Integrated Management of Childhood Diseases, the use of an 

essential drug list and improved diagnostic procedures. All these measures have been 

reported to be effective in controlling AMR spread. 
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without UNCST's approval except when necessary to eliminate apparent immediate hazards to the 
research participant(s). 

This letter also serves as proof of UNCST approval and as a reminder for you to submit to UNCST 
timely progress reports and a final report on completion of the research project. 

Leah Nawegulo 
for: Executive Secretary 
UGANDA NATIONAL COUNCIi. FOR SCIENCE AND TECHNOLOGY 

L<JC.,ITICIN/CYJRRESl'<J/0,'Dl::,V('E COM.IIUNIC~T/0,,. 

Pint ilf/7. l\l,rn,r Rmnl TEl.: (ZS6Hl4•2~99, (?561414 705500 
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OFFICE OF THE PRESIDENT 

ADM 154/lll/0t 

July 15. 2009 

The Resident District Commissioner 
Kampala District 

·this is to introduce to you Mahero :\'lichacl \Yandanje as a Rcscarchl·r who wilI be 
ca.n·ying out a research entitled "Antimicrobial Rc:~istance and l'n-sencc of Chu~ I 
lntci=rons in Sulmonella Scronl'll Isolated from Cliniclll (~ascs or Animals and 
Humans in North Dakota, (ISA and Kampala, Uganda" for a period ot" 03 (three) 
months in your district. 

lk has undergone the ncccs...~• ch:anmcc to Cil!T} out the said project. 

Picas.: render him the necessary assistance 

Alcnga Rose 
FOR: SECRETARY, OFFICE OF THE PRESIDENT 
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(''~ DEPARTMENT OF HEALTHA1'DHl,"lvfAN SERVICl:lS 

<::ii-

To; Pcrmitloo, Public Hoalth Service Import Pennit 

SubJe:t: Approval to Import etiological agonts, hosts, and voctors 

Publio Health Service 
Centers for Disease Control 
Md J.'rcvco.tion (CDC) 
Atlanta GA 30333 

Your Public Health service (PHS) Import permit is attached with this letter, The PHS import 
permit I:. val!d only tor the material(s), locations !Ind conditions described in your application. 
Please be reminded that II p11l'!lon may not Import into tho United States, nor distribute after 
impurtatiun, any etiological agent or any arthropod or othfilr animal host or vector of human 
diseaso, or any filxotlc living arthropod or other onlmal capable of being a host or vector of 
human disease unlesi. .ccompanled by a pemilt issuod by the Director, Centers for Disease 
Control and Prevention (CDC). 

Please be reminded that ths permlttee must ensure that 
1. The onclosud Import pem,it and labels are forwarded to the shipper(,). The enclosed 

permit and labels may be photocopied if more are needed. 
2. The shipper Includes the PHS Import permit with the shipping documents and the 

em;lolied label (or copy of label) should be amxed to the outer shipping container. 
3. A record of each importation (Including permits and shipping documents) is maintained. 
4. Th, shipment or etiological agents, hosts, and vectors must bi, packaged, labeled, and 

shippCld in accordance with all federal and International regulations. Ple11se note that the 
issuance of an import pem,it is not an allthorization to hand carry the material. 

Plea:.c al~o note that other permlt8 may be required for the Importation of etiological agents, 
hosts, and Vfilctors. If you have questions regarding this correspondence, please contact CDC 
Etiologic Agent Import Permit Program at (40'1)718-2077 or visit our website at 
MrrJIY:t.NWcd::.gov/Qd/c11iQQ£. 

/II~~ 
j Robbin Weyant, PhD, CAPT, USPHS 
: Director, Division of Select Agents and Toxins 
. Coordinating Office of Tarrorism Preparednc:ss and Emergency Responso 
, Centers for Diseiise Control and Prevention 

1,rhis.docume~t Is frlt~ndGd for Iha txclus_lw ~•• of tho :eclpfont(s) nurnnrl ~bove. it may i:orl!ain t"nslHvo inf<>rrnnuon 
-~at 1s protec,ed, pr,v,legi,d, or CQOfidonfinl, and ii $hOuld not bo Ji~somlnoted, dlsrributecl, or copi~d ro r,ar.ons not 
.authorized to receive ,uch lnft>rmallon. If you :m~ not Ulo lntenu•d rec,piontM, ,iny c!1&$emln~Uon. dlstribut;on er 
~p~1n9 Is strictly prohlbl'.crl. If you thin~ you havo m.:oivod this do~ur.icn: In crrcr, ploase notiry Urn sondj/r ' 
immediatsly and d~stroy :he ori~lnal. Th ink you. 
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'10. 3')j 113 
OEPARlMc-111 CJI· llt:/\LTH ANO HUMAN Si.RVICES 
P~BU~ tiEALiH SiRVlCI::. 

~enli:rl IC"' 1)1,ut;t. C1mtr1,111 ::iir1d r'n,·,cnt:an 
:)If."' ot H••""nd Safet/, MS A-<e 
f..tl.:wHtt. Cowgl.a J~3Jl 
o:L· -1,:.,.7,a.;on: ,-x: ,o .. 11e-~e~3 

Pennlt to Import or Transfer Etiologlc;al Agents or Vctctor. of Human Disease sAl'U1t•HcA&.TKIE10•no•&.-· 
,n •cocr..,,co with 42 Cf ii S"'°'an 71.!;4 ol lho PIii>!">: i;eall~ S.rvlev Fe,wlgn Q"'.rrtinl ~-. Cil&d c,, 1M l>Ol'.cm of lhia ponr.11, pe111111lon is gronlOO 1"t 
~t1mUt•to r,npc,11r,o ur, pct11M11 ..,,.,.. oltno U11ilat1SlaI11. crtort,ol,obytanol•'Mlhin lhG u,;IuS111ts • .,, l!lltelill aoscrlbe<IIJI 111m 1 a•~-

PHS PERMIT NO. 2009-06-101 

DATCS ISSUl:O: fuesday, Juno 10, 2009 l eXPIRES; Wodnosday, June 18, 2010 

,. oeSCFUPTION OF MAT!RIAL DNA FROM NON-TYPHOIDAI. SALMONELLA Sl!ROVARS FROM CATTLE AND HUMANS; 
ISOLATES OF SALMONELLA. 

; 

-· -·- . -···-· ... -
2. PE!Wl':"r'El. (NAME. MARAOARl!T KHAITSA TEL: 701-231-G946 
OROANllATION, AOCRl!SS) NORTH DAKOTA STATa UNIVIRSITY PAX: 701-231-1514 

118 VAN ES HALL, 1523 CENTF.NNIAL BLVD. 
; FARGO, ND 58101 

--
3. SOURf,E OF f/ATERIAL DENIS K. BYARUGA13A 
(NAME, ORGANIZATION. MAK:RiRi UNIVERSITY KAMPAI.A (MAK) UGANDA ADDRESS, COUNTRY) 

FAC. OF VET. MID. MAKl!RIR! UNIV., KAMPALA. DiPT. OP MICRO. & PARASITOLOGY 
I KAMPALA, UGANDA 

4_ TYPE OP' PERMIT ANtl @ Mulllple Importation Into the US 0 Slnglo Transfer Wllhll! tho US 
INSTRUCTIONS FOR use A. Ricord of t:icn lmporta:loti sllall D• milntalnod on parm.1non1 filo by pormitteo. 

B. Enclosed label{s) m11st be lorwaided lo lh• s.~ipper{s), 
C. Ona lobe! 1"811 be lllfoa,d fo ahq,pl.,9 conlainer. Enck,.,co labels moy be pho~copicd_ 

s. cONoinoNS OF ISSUANCE 0A. Su~uq1:en1 dlstribut!on. within tho U.S., ollho llr.llOrlaJ dOSCtibOd in lhlt ~rm~ Is pronlbt.od 
wi:hOut prior a\11hotlzatio" by tho MGc Health Setviea. 

fft,MS~~ICADL!. WHEN ti?] B. Al materl.11 Is fcrbboratOI'/ u,o cnly-Not !Qr use In !ho pr~duttion of biologies for humans or 
CHl!C aMlala. 

~C. All malarial Is fnle of\i<Sueo, sorum and Plasma ol domesue and wl'.d ruminants, swina ~ 
equines. 

ill u. AddllJQnlll Raqulrcmonll: 
0 FIie APHISICDC Fonn 2 for salaot "ll•nb as dor.110</ In 42 CFR 73 
Q IATA Pack:lgadto preclu~o ascope. 
!ii!) uso.o. pamia may M rcq11lred (Toiaphone: 301-7:14-32:77). 

~E. Werk wllh Uie agenl(s) desaibocl shan ba ro•lrlclad lo area• and conditions me11tlf\\) ~uiromqnts 
In tl1C CDC/NIH publicaUen "Blosafely In Mic,cblologiCBI and Biomedical llll>oralorlu. • 

~F. Pockaglng musl conrorm lo 49 cFR Scdiona 111.1ao, 
oo. Salo~ Agon1, ~lflg ficllft'/ rm.st be registffld under 42 CFR Pa.~ 73. 

--· 
6. CO?Y:.SENTTO 7. Sig,,a1ure of I11~lng officer 

2) U.S. QUAlv\NTINE STATION ~-,)~ 
Robbin Weyant, PhD, CAPT, USPHS. EUokJglc Agent Imp on Permit Progtnm 

~ CC. 0728 [~ 1U0J ~£V, 2-D1 

4t Ct'R 11:G<'. ,WoIo~lcaI agtnts, nosts, and vac:015 
(al A person may not b11po1I lnlo Iha United Stales, oor dlslribule after Im Porta lion, ••>' allclogleal agent or 3ny arthropod or olher an;,,,nI Mot or 

voctor of huimn disea&e, or any cxotie livillg orthri:,:,od C4' O!hcr animal ,:apab~ of being a hcst or vector of num•n ~luaso un1<,ss 
accompanied by a permit lss~od by II'.• DirKtor. 

(b) Ni~ impo,t eomin~ within the pro11i1io11S cf the u,;tion will not bt relt~Hd &om custody prior to receipt by lhe District D~•cter of th• 1J S­
Cu;to,,,s Sellliet ct i pormit lsouad by tho Dlrllctor. 

Note: Otner permits ~Y bo rec11irad. 
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