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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 intl.
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 of 20.7% (57/276) of the ND samples tested positive for presence of class 1
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integrons. Class 1 integron was significantly associated (p< 0.05) with AMR to Ampicillin,
Kanamycin, Tetracycline, Streptomycin and Sulfisoxazole. Of all Ugandan Salmonella
isolates tested, 94.4% (68/72) were resistant to >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 aadA 1, dfrA7, 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)

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)

(http://www tufts.cduw/med/apua/Licology /faairl:xecSum_6-02.htinl). 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 ditficult 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 knowr 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



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 Surveillance 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.



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.



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
).

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
eiiminating 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 resiétance (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



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 efflux pumps.

Resistance to tetracyclines is normally coded for by a series of tet genes, tet (4),
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 4 and fet B are the most frequently detected et genes among the
different serovars (55). Resistance to phenicols is mediated through enzymatic inactivation

by type A or B acetyltransferases (Car) as well as export of Chloramphenicol by specific



efflux proteins. Two different Cat A proteins, encoded by cat4! 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” [aadA4, (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, dfr A and dfrB. While dfrB genes are yet to be
identified in Sa/monella, there are a total of 13 different dfr4 genes which are mainly borne
in moBile genetic elements within the bacteria (55). Similarly, resistance to the quinolone
Nalidixic acid (MIC > 32 pg/ml) correlates with mutations causing decreased susceptibility
to Ciprofloxacin (MIC > 0.125 pg/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 efflux 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 sul// (represents part of the 3°CS of classl
integrons), su/2 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 MICs 8(> 8 ug/ml) to Ceftiofur are usually indicative of the presence of the

AmpC gene and decreased susceptibility (MIC > 2 pug/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 aé a genetic element that possesses a site, att/, 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 int/ gene (integrase) and a promoter region expressing the inserted gene(s).

For class 1 integrons, the 3’ conserved segment contains the defective quaternary















43kb island Salmonellae Genomic island (SG1) which is made up of integrons with various
genes that code resistance to antimicrobials such as Tetracycline (7et G), Chloramphenical
(Flo) and Streptomycin (aadA2). It has been noted that, regardless of origin (food animal or
human), these MDR-DT 104 strains have had the same gene cassettes (5, 41, 42, 79, 91,
108) and while removal 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 DT104 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
(NTYS) 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,

13



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 VDL and NDDoH respectively during the

2003-2008 period. All isolates were cultured and characterised according to methods

15



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 CMV1AGMF (Sensititre Gram Negative NARMS) plate
that was used for resistance screening contained a full range of minimum inhibitory
concentrations (MIC). The panel consists of 96-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 Diagﬁostic 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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(NARMYS) 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 Antimicrobials Concentration (ug/ml)
Aminoglycosides Amikacin 0.5-6.4
Gentamicin 0.25-16
Kanamycin 8-64
Streptomycin 32-64
Aminopenicillins Ampicillin 1-32
B-Lactamase inhibitor Amoxicillin-Clavulanic 1/0.5-32/16
combinations acid
Cephalosporins Ceftiofur 0.12-8
(3rd generation)
Ceftriaxone 0.25-64
Cephamycins Cefoxitin 0.5-32
Folate pathway inhibitors Trimethoprim- 0.12/2.38-4/76
Sulfamethoxazole
Phenicols Chloramphenicol 2-32
Floroquinolones Ciprofloxacin 0.015-4
Quinolones Nalidixic acid 0.5-32
Sulfonamides Sulfisoxazole 16-256
Tetracyclines Tetracycline 4-32
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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 <16 32 > 64
Gentamicin <4 8 >16
Kanamycin <16 32 >64
Streptomycin <32 NA >64
Aminopenicillins Ampicillin <8 16 >32
Blactam/Blactamase Amoxicillin <8/4 16/8 32/16
Inhibifor 2combinations /Clavulanic acid
Cephalosporins Ceftiofur <2 4 >8
Ceftriaxone <8 16-32 >64
Cephalothin <8 16 >32
Cephamycin Cefoxitin <256 16 >32
Folatepathwayinhibitors Sulfamethoxazole = <2/38 NA >512
/Sulfisoxazole
Trimethoprim <8 NA >4/76
/Sulfamethoxazole
Phenicols Chloramphenicols <8 16 >32
Quinolones Ciprofloxacin <l 2 >4
Nalidixic acid <16 NA >32
Tetracyclines Tetracycline <4 8 >16

Laboratory Standards Institute (CLSI).
Source National Committee for Clinical Laboratory Standards (62).

18



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 pl 5X of Taq PCR (Polymerase
Chain Reaction) Master Mix (Promega), 10 pmol/L each primer, and 2 pl 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 1 min at 94°C, 1 min at 55°C, and 30 s at 72°C. PCR
products were analyzed by gel electrophoresis with 1.5% agarose gels. All PCRs included

both pbsitive 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 16000xg 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 16000xg. There after each column was placed in a
clean 1.5 ml microcentrifuge tube. DNA elution was completed by adding 50ul 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 (http://www.ncbi.nlm.nih.cov/BLAST).

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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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 *CLSI Subclass Antimicrobial Categorization of
Importance Agent Antimicrobials
I Aminoglycosides Amikacin Critically important
Gentamicin Critically important
Streptomycin Critically important
Aminopenicillins Ampicillin

Critically important

.B-Lactamase inhibitor Amoxicillin- Critically important

combinations Clavulanic acid

Cephalosporins Ceftriaxone Critically important

(3rd generation)

Ketolides Telithromycin

Critically important
Macrolides Azithromycin Critically important
Erythromycin Critically important

Quinolones Ciprofloxacin

Critically important
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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 Trimethoprim- Highly important
inhibitors Sulfamethoxazole
Phenicols Chloramphenicol Highly important
Sulfonamides Sulfamethoxazole Highly important
Sulfisoxazole Highly important
Tetracyclines Tetracycline Highly important
II1 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

26










































DISCUSSION
This 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 Sa/monella 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
Chloramphenibol. This difference could be attributed to the easy access to antimicrobials
by the geﬁeral 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 résistance 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 reéistant 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 (47); 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 (33).

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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isolates were 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 > 0.25 pg/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 ot 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 of Nalidixic 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 of Nalidixic 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
Cefiriaxone 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 (Arﬁpicillin, Chloramphenicol, Streptomycin, Sulfisoxazole 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,
Ciprofloxacin 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 MDR 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
Ciprofloxacin.

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 resistaﬁt 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 Sa/monella 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 DT104 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 MDR against third-generation
cephalosporins and flouroquinolones which are recommended for the treatment of severe

infections.
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Prevalence of class 1 integrons among the Sa/monella 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 turn 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 antimiprobial 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 MDR isolates had presence of integrons. 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 Sa/monella
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 Sa/monella 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) aadA 1 genes (Streptomycin) (64).
Therefore, resistance against Streptomycin and Trimethoprim among these isolates is
largely mediated by presence of class 1 integron (38, 39, 52, 106). The fact that the AF
values were < 100% 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 wefe 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
antimicrobials 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 Salmonelia 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 climinate apparent immediatc hazards to the
rescarch 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: Exccutive Secretary
UGANDA NATIONAL COUNCIL FOR SCIENCE AND TECHNOLOGY

LOCATION/CORRESPONDENCE COMMUNICATION
Plat 3/5/7. Nasver Road TEL: (256) 414-250499, (256) 414 705500
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HE REPUALIC GF LiC.AN A

OFFICE OF THE PRESIDENT

PAR_IMMLHT O SILDING P.O.BOX 7158 KAMPALA TELEPHONES 15443108, 341324 341504 341256 2143843, 233717, 344026 230040, FAX 2368325 141

ADM 154/212/01
July 185, 2009

The Resident District Commissioner

Kampala District

‘This is to introduce o you Mahero Michael Wandanje as 4 Rescarcher who will be
carrying out a research entitled “*Antimicrobial Resistance and Presence of Class |
Intcgrons in Salmonella Scrovars Isolated from Clinical Cases of Animals and
Humans in North Dakota, USA and Kampala, Uganda™ for a period ol 03 (three)
months in your district.

He has undergone the necessary clearance w0 carry out the said project.

Please render him the necessary assistance

Alenga Rose
FOR: SECRETARY, OFFICE OF THE PRESIDENT
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i 1% .
{ / DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service
5 C Centers for Disease Control

“h and Prevention (CDC)

' Atlanta GA 30333

To: Permittea, Public Hoaith Service Impdtt Permit

Subjest: Approval to import stiological agonts, hoats, and vectors

" Your Public Health Service {PHS) import permit is atached with this letter. The PHS import

permit is valid only for the material(s), locations and conditions described in your application.
Please ba reminded that a parson may not import into the United States, nor distribute after
importation, any eticlogical agent or any arthropod or other animal host or vector of human
diseasw, or any exotic living arthropod or other animal capable of being a hast or vector of
human disease unless accompanied by a pamiit issued by the Director, Centers for Disease

Control and Prevention (CDC).

Please be reminded that the parmittee must ensure that: .

1. The oniclosed import permit and labels are forwarded to the shipper(s). 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
enclosed labal (or copy of label) should be affixed to the outer shipping container.

3. A record of @ach importation (including permits and shipping documents) is maintained.

4. The shipmant of eliclogical agents, hosts, and vectors must be packaged, labeled, and
shipped in accordance with all federal and international regulations. Pleasa note that the
issuance of an import permit is not an authorization to hand camry the material. .

Please alao note that other psrmits may be required for the importation of etiological agents,
hosts, and veclors. If you have questions regarding this comespondence, piease contact CDC
Etiologic Agent Import Permit Program at (404)718-2077 or visit our website at

.

{ Robbin Weyant, PhD, CAPT, USPHS

' Director, Divislon of Select Agents and Taxins

- Coordinating Office of Torrorism Preparedness and Emergency Response
‘Centers for Disease Contral and Pravention

.

This documant is Intended for the exclusive use of the reipient(s) named above. it may contain sensitive informati
lhait is pratected, privilegad, or confidontial, und it should not by diyseminatad, dlsrributgd. or copiedlloup:r‘sofr?;mn:{m
authoilzed 10 recaive such informalion. If you are not the intended recipigni(s), any dissemination, distribution, cr
wopying is strictly prohibited. 1f you think you have received this dosument in crrer, please notify the sonder
immediatsly and dsstroy ‘he eriginal. Thank you.
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WD 2609 idBEM [W30%T 2ERNITS

DEPARTMINT Ui HEALYH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

Senieis e Diseese Conbot and Provention

Offica of Hagitn and Safety. LIS Ae

Atlarip, Cevigla 30323

TEL: 4C718-2077; PAX, 404.718.2003

Permit to Import or Transfer Etiological Agents or Vectors of Human Discaso ZAYRHEALTHIEN: PEOPLA"

in acocrdance with 42 CFR Socuon 71.54 of the Public Heakh Service Forolpn Quaranting Regulators, cad on 1 botiom of this penTit, peimissicn is granwd wwe
sermiltes o impeet into ady part uader cantsl of the Unltod States, of 10 reccive by transfer within tha Uriled States. he matenial cewlbed In ftem 1 beow,

PHS PERMIT NO. 2009-06-107

DATLS ISSUED: Tuesday, Juna 16, 2008 I EXPIRES: Wodnosday, Jure 16, 2010

1. DESCRIPTION OF MATERIAL | DNA FROM NON-TYPHOIDAL SALMONELLA SEROVARS FROM CATTLE AND HUMANS;
ISOLATES OF SALMONELLA.

2. PERMITTEE (NAME, MARAGARET KHAITSA TEL:  701-231-5946

ORGANIZATION, ACCRESS) NORTH DAKOTA STATE UNIVERSITY PAX: 701-231.7514

. 118 VAN ES HALL, 1523 CENTENNIAL BLVD.
i FARGO, ND S810$

3. SOURGE OF WATERIAL DENIS K. BYARUGABA
(NAME, ORGANIZATION. MAKERERE UNIVERSITY KAMPALA (MAK) UGANDA

ADDRESS, COUNTRY) FAC. OF VET. MED. MAKERERE UNIV., KAMPALA. DEPT. OF MICRO. & PARASITOLOGY

! KAMPALA, UGANDA

4. TYPE OF PERMIT AND 9 Mutiple Importation into the US 3 single Transfer Within tha US
INSTRUCTIONS FOR USE A. Racord of each Importation shall e maintainod on pormanant fila by parmittee.

! B. Enclosed labe!(s) must be forwarded 1o the shippar(s).

C. One label shali bo alfixed fo shipping container, Enclosed labels may be photocopied.

5. CONDITIONS OF ISSUANCE TJ A Subsequent distribution, within the U.S., of the material doscribed in this parmit Is prohibkod
without prior authorzation by the Public Health Setvice.

l'rﬁmskgPUCADLE WHEN W) B.  All materialis for laboratory use ¢nly - Not for use In the praduction of biologics for h or
CHECH animals,
{2] C. Al r.na!erial is free of tissues, serum and plasma of domestic and wid tuminants, swing and
equines.
M . Additional Roquirements:
[0 Flle APHISKCDC Fom 2 for sulact agents as dufined in 42 CFR 73
(7 |ATA Packaged to preciude ascape.
7) USOA permit may ba required (Teiephone: 301.734-3277),
M E.  Werk with the agenl(s) described shall ba rostriclad to areas and condu(hmz masling rvqu.ro-nonu
inthe GDCMIH ication "Biosafety in Mi gical and Bl [
MF 9 must 10 49 CFR Sactions 171-180,
Qoe. Sa!va Agont. Receiving facliity must be registered under 42 CFR Pan 73,

6. COPY SENTTO 7. Signature of issting officer

. S
D U.S. QUARANTINE STATION /fj:?é
Robbin Weyant, PhD, CAPT, USPHS, Etiologic Agent Impott Pernit Program

CCE 0728 (R 13.40) REV, 201

42 CFR 71,84, Stiologicat agents, hosts, and vectors

(2) A person may not impo inlo tha United States, nor dislridute atter imporiation, any otiologicatl ugont or any arthiopod dr other animal haat of
vocior of humnan disease, or any oxotic hiving arthrepod cr other animal capable of being a host or vector of human ¢isease unluss
accompanied by a permit issved by the Director,

(b)  Any import coming within the previsions of the section wiltnct be released fom custody prior 1o receipt by the Disyict Director of tha U.§.
Customs Sorvice of a pormit Issued by the Diractor.

Note: Other pemits may be reavirgd.
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