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EXTENDED ABSTRACT

Antimicrobial  resistance  (AMR)  is  a  rapidly  growing  multifaceted  problem  which 

threatens  global  security,  public  health  and  the  economy.  Currently,  about  700  000 

humans worldwide lose lives annually due to AMR infections that are difficult to treat 

which are also associated with higher health care costs, elongated time spent in hospitals 

and  increased  animal  production  costs.  This  study  was  conducted  in  Karatu  district, 

northern  Tanzania,  to  investigate  antibiotic  resistance  and  virulence  profiles  of 

Staphylococcus aureus and Escherichia coli isolated from humans, rodents, chicken and 

soil in households.

Interaction  of  rodents  with  humans  and  livestock  in  households’  environment  has 

frequently  been  reported  in  Karatu,  facilitating  wide  spread  of  resistant  bacterial 

infections among different hosts in the community. The main objective of this study was 

to determine the antibiotic resistance and virulence profiles of Staphylococcus aureus and 

Escherichia  coli  isolated  from  rodents,  chicken,  humans  and  their  surrounding 

environment in Karatu District.

S.  aureus  were  isolated  from  284  human  nasal  swabs,  101 rodents’  deep  pharyngeal 

swabs, 286 chicken cloaca swabs and 285 household soil samples. Specimens were plated 

into Mannitol Salt Agar (Oxoid, Basingstoke, UK) and incubated aerobically at 37 °C for 

24  h.  Presumptive  colonies  of  S.  aureus were  subjected  to  Gram  staining,  catalase, 

deoxyribonuclease  (DNAse)  and  coagulase  tests  for  identification.  Antibiotic 

susceptibility testing (AST) was performed by using Kirby-Bauer disc diffusion method 

on  Mueller-Hinton  Agar  (Oxoid,  Basingstoke,  UK). The  antibiotics  tested  were 

tetracycline  (30  μg),  erythromycin  (15  μg),  gentamicin  (10  μg),  ciprofloxacin  (5  μg), 
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clindamycin (2 μg) and amoxicillin-clavulanate (20 μg/10 μg). S. aureus strain American 

Type Culture Collection (ATCC) 25923 was used as a standard organism. Results were 

interpreted according to  Clinical and Laboratory Standard Institute (CLSI) guideline of 

2020.

The samples used for  E. coli isolation included 288 chicken cloaca swabs, 281 human 

stool,  101  rodents’  intestinal  contents  and  290  household  soils.  The  specimens  were 

plated  onto  MacConkey  agar  (Oxoid  Ltd.,  Detroid,  Michigan,  USA)  and  incubated 

aerobically at 37 ºC for 24 h. Presumptive E. coli colonies were subjected to motility test 

and later indole, methyl red, Voges-Proskauer and citrate utilization (IMViC) tests for 

identification.  E. coli strain ATCC 29522 was used as a reference organism.  AST was 

performed by using Kirby-Bauer disc diffusion method on Mueller-Hinton Agar plates 

(Oxoid, Basingstoke, UK). The antibiotics tested were; tetracycline (30 μg), imipenem 

(10 μg), gentamicin (10 μg), ciprofloxacin (5 μg) cefotaxime (30 μg) and amoxicillin-

clavulanate (20 μg/10 μg). The results were interpreted by using CLSI (2020) guideline.

Results of this investigation revealed high frequencies of isolation for  S. aureus and  E. 

coli in  rodents,  humans,  and  chicken  and  soil  samples.  For  S.  aureus,  the  isolation 

frequencies  were  52.1%, 66.5%,  74.3% and 24.5% in  samples  from chicken,  human, 

rodent and soil, respectively. The isolation frequencies of E. coli from chicken, humans, 

rodents and soil were 81.6 %, 86.5 %, 80.2 % and 31.0 %, respectively. Based on AST 

phenotypic  results,  S.  aureus isolates  displayed  resistance  to  clindamycin  (51%), 

erythromycin  (50.9%)  and  tetracycline  (62.5%)  while  E.  coli isolates  showed  high 

resistance  against  tetracycline  (73.7%),  imipenem  (79.8%)  and  cefotaxime  (79.7%). 

MDR E. coli (n=50) and S. aureus (n=57) isolates that exhibited high levels of phenotypic 

resistance to  various  classes of  antibiotics  were subjected  to molecular  analysis  using 
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multiplex  polymerase  chain  reaction  (PCR) technique  to  detect  presence  of  antibiotic 

resistance  (ARGs) and virulence  genes  (VGs).  ARGs detected  in  MDR  E.  coli were; 

blaTEM (46%), blaCTX-M (26%), blaSHV (22%), tetA (46%), tetB (14%),  qnrA (24%), 

qnrB (8%),  blaOXA-48  (12%) and  blaKPC (6%) while  VGs detected included;  ompA 

(72%), traT (26%), east (18%), bfp (10%), eae (2%) and stx-1 (4%). For MDR S. aureus, 

ARGs were; tetK (31.6%),  tetL (8.9%),  ermC  (1.8%)  and  mecA (28.1%)  while  VGs 

detected were;  clfB (10.5%),  coa (14.0%),  clfA (1.8%),  hlg (1.8%),  ebpS (3.5%),  fnbB 

(3.5%), luk-PV (10.5%) and tst (1.8%). 

Positive and negative correlations between resistance and virulence genes were observed. 

For  MDR  E.  coli,  positive  correlations  were  found  between  blaTEM and  traT genes 

(r=0.51)  and  qnrB  and  bfp genes  (r=0.63),  while  negative  correlations  were  found 

between blaOXA-48 and ompA (r= -0.05),  blaSHV and  traT (r=-0.44) and tetA and  east 

(r=-0.10). For S. aureus, positive correlations were found between resistance (ermC) and 

clfA  (r=0.57),  hlg  (r=1.00)  and  clfB (r=0.43),  tetK  and  clfB (r=0.39);  tetK and  coa 

(r=0.36).  The  principal  component  analysis  (PCA) results  for  S.  aureus  showed that, 

resistance genes (tetK and mecA) and virulence determinants (clfB, coa and luk-PV) were 

common in all sample sources. The PCA also revealed that,  MDR E. coli  and S. aureus 

isolates from rodents and chicken had more ARGs and VGs compared to isolates from 

soil and humans.  Besides, MDR E. coli isolates harboured traT, east, eae, stx-1, bfp and 

ompA genes indicating ability of isolates to cause various infections.

Based on findings, this study documents high levels of antimicrobial resistance including 

MDR in E. coli and S. aureus isolated from chicken, humans, rodents and soil samples in 

Karatu, northern Tanzania. According to  PCA results,  E. coli isolates from rodents had 

more ARGs and VGs while for S. aureus these genes were found more in rodents and soil 



v

environment implying that both subjects are potential reservoirs and can be sources of 

transmission.  The  increased  prevalence  of  both  resistance  and  virulence  genes  in  the 

isolates suggests the ability of the pathogens to cause infections that are difficult to treat. 

Comprehensive  one  health  interventions,  are  urgently  needed  and  should  include 

improving; i) improving hygiene and control of rodents in household environments. ii) 

Future  studies  should  base  on  adequate  understanding  of  the  human-livestock-

environment  interphase  using  well-designed  genomic  studies  such  as  whole  genomic 

sequencing (WGS) which provides a comprehensive picture on the pattern and magnitude 

of  AMR  and  virulence  genes  spread.  The  advances  and  accessibility  of  genomic 

sequencing and analytical methods are essential in improving our understanding of AMR 

transmission dynamics at the human-livestock/animal-environment interface. 

Genomic  studies  should  be  coupled  with  behavioural,  epidemiological,  clinical  and 

modelling using One Health approaches. This will ensure that the key drivers of resistance 

and  virulence  transmission  between  human-livestock-environment  are  accurately 

identified and the most appropriate interventions adopted. It is important to understand the 

importance  of  each  component  of  the  human-livestock/animal-environment.  A  One 

Health approach should be deployed to ensure involvement of relevant multisectoral and 

multidisciplinary to attain an optimal public health and ensure a safe environment. 
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CHAPTER ONE

1.0   GENERAL INTRODUCTION

1.1   Background Information

Escherichia  coli and  Staphylococcus  aureus are  the  most  common  species  of  gram-

negative and gram-positive members of the bacterial community, respectively (Taylor and 

Unakal,  2022).  These  bacteria  are  commensal  inhabitants  in  humans,  livestock,  wild 

animals and the environment (Aworh et al., 2021; Gibson et al., 2021), but also pathogens 

causing different life threatening infections to humans and food animals (Pakbin et al., 

2021; Preda et al., 2021). For example, pathogenic E. coli is a major cause of urinary tract 

infections (UTI), diarrhea, sepsis, meningitis and wound infections in humans (Martinez-

Medina, 2021). A wide range of E. coli prevalence in humans with UTI has been reported 

to be 40-72.2% in Tanzania (Odoki et al., 2019; Letara et al., 2021 and Ali et al., 2022). In 

poultry, the bacterium is associated with avian colibacillosis and swollen head syndrome 

(Ahmad et al., 2022; Thabet et al., 2022). A range of 53.4% to 88.2% of E. coli isolation 

frequencies from chicken with avian colibacillosis has been reported (El-Sukhon  et al., 

2002 and Ibrahim  et al., 2019). Colibacillosis  causes higher mortality and morbidity in 

chicken resulting into reduced meat and egg production, decreased hatchability rates and 

increased condemnation of carcasses at slaughter (Xing et al., 2021). On the other hand, S. 

aureus is a leading cause of various diseases in humans, ranging from skin and soft tissues 

to  life  threatening  infections  that  include;  pneumonia,  endocarditis,  osteomyelitis  and 

sepsis (Taylor and Unakal, 2022). Studies in Tanzania have reported isolation of S. aureus 

from different infections in humans ranging from 8.7% to 71.4% (Kazimoto et al., 2018; 

Seni et al., 2019; Silago et al., 2020). Infections such as arthritis, omphalitis, gangrenous 

dermatitis and bumble foot which are common in chicken are associated with  S. aureus 

(Tsai et al., 2015; Amer et al., 2017; Szafraniec et al., 2022).  S. aureus is also a leading 



2

cause of  mastitis  in  dairy animals  (Silva et  al.,  2021).  E. coli  and  S.  aureus  are  both 

included in the priority list  of 12 most drug resistant bacteria that deserve attention as 

declared  by  the  World  Health  Organization  (WHO,  2017).  The  Food  and  Agriculture 

Organization  (FAO),  World  Health  Organization  (WHO)  and  World  Organization  for 

Animal Health (OIE) agreed that One Health approach is the best approach to combalt the 

global  antibiotic  resistance  problem,  emphasizing  that  the  best  public  health  relies  on 

healthy animals, humans and the environment (Badau, 2021 and FAO, 2021). 

The pathogenicity of E. coli and S. aureus are due to their ability to produce several genes 

that encode for virulence and antimicrobial  resistance (Abd El-Baky et  al.,  2020; Chai 

et  al.,  2022).  These  genes  are  transmitted  through horizontal  gene  transfer,  mainly  by 

conjugation process involving exchange of plasmids (Li et  al.,  2022; Marincola et  al., 

2021). Important AMR genes in E. coli include;  blaTEM,  blaSHV and blaCTX-M, which 

encode for extended spectrum beta-lactamases (ESBL)-production (Muriuki et al., 2022), 

blaVIM, blaIMP and blaNDM, which code for carbapenem resistance (Abdelaziz, 2022), 

qnrA, qnrB and qnrC for quinolone resistance (Roshani et al., 2022) and tetA, tetB, tetC 

and  tetK for  resistance  to  tetracycline  (Aworh et  al.,  2021;  Chai et  al.,  2022).  The 

virulence factors with clinical relevance in E. coli are encoded by several genes including; 

locus enterocyte effacement (LEE), intimin, bundle forming (bae, bfpA) (Razaghi et al., 

2017),  Shiga toxins,  adhesins  (stx1,  stx2,  eae,  ehxA and bfp)  (Shen et  al.,  2022),  heat 

labile, heat stable and colonization factors (elt, est) (Mondal et al., 2022). 

AMR genes for  S. aureus  include; tetracycline (tetK, tetL, tetM, tetO) plasmid mediated 

resistance genes coding for efflux pumping mechanism; erythromycin (ermA, ermB and 

ermC) resistance genes which encode the ribosomal modification of 23rRNA methylase 

enzymes (Mbindyo et al., 2021); methicillin resistance gene (mecA) codes for production 
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of a  penicillin-binding protein (PBP2a)  with lower affinity  to  β-lactam antibiotics  (Ali 

et al., 2021) and quinolone  resistance (qnrA, qnrB and qnrC) genes encoding for proteins 

of the pentapeptide repeat family that protects DNA gyrase and topoisomerase IV from 

quinolone inhibition resulting into drug resistance (Saleh et al., 2022).  For S aureus, the 

most important virulence genes include; ebpS, clfA, clfB and fnbB which facilitate bacterial 

adherence  to  host  epithelial  cells  (Zamani et  al.,  2022),  luk-PV and  hlg  genes  confer 

production of toxins (Khokhlova et al., 2015) and  tst  gene responsible for production of 

toxic shock syndrome toxin-1 (TSST-1) protein (Sadat  et al., 2022).  Studies have shown 

that,  these  genes  can  spread  from humans  to  animals  via  the  environment  influenced 

largely by human activities (Aworh et al., 2021; Silva et al., 2021). Surveillance of AMR 

and virulence genes requires application of molecular techniques that include PCR, DNA 

microarray, whole genome sequencing (WGS) and metagenomics (Shen et al., 2020). In 

principle,  the  application  of  these  techniques  has  shown interactions  between  humans, 

rodents and poultry to be associated with spread of resistomes and virulence genes among 

them (Desvars-Larrive et al., 2019; Himsworth  et al., 2016; Raafat et al., 2022). Due to 

the reported interactions, it is possible that genes encoding for AMR and virulence could 

be  transmitted  between humans,  rodents,  chicken  and soil  as  reported  in  other  studies 

where,  resistance  genes;  blaTEM,  blaOXA,  blaSHV,  ermA,  ermB,  ermC,  tetA,  tetB, 

tetC,qnrA, qnrB,  msrE  (Desvars-Larrive et  al.,  2019; Monecke et  al.,  2016; Rosengren 

et al., 2009) and  virulence genes; clfA, clfB, fnbA, hla,, eae, stx-1, stx-2 and traT (Paudel 

et al., 2021) were detected.    

Of  relevance  to  this  study,  different  studies  conducted  in  Karatu  have  documented 

significant interaction of rodents with humans in households with transmission of specific 

zoonotic  bacterial  infections  that  are  threat  to  humans (Kilonzo et  al.,  2006;  Makundi 

et al., 2008; Ziwa et al., 2013; Makundi et al., 2015). Most of these studies in Karatu were 
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focused on Yersinia pestis, the causative agent of plague (Makdasi et al., 2022). However, 

none of these studies focused on the spread and distribution of AMR and virulence genes 

among them. Different studies have shown that interactions between humans, rodents and 

environment have the potential for transmitting AMR and virulence genes (Guenther et al., 

2012; Himsworth et al., 2016; Furness et al., 2017; Le Huy et al., 2020; Gwenzi et al., 

2021). In such studies,  S. aureus and E. coli, which are One Health (OH) pathogens, are 

commonly  used  to  determine  the  flow  of  antimicrobial  resistant  and  virulence  genes 

between humans, animals and the environment (Poudel et al., 2019; Le Huy et al., 2020; 

Islam et al., 2021). The information on AMR phenotypes, genotypic profiles and virulence 

factors of  E. coli  and  S. aureus  from humans, chicken, rodents and household soils will 

help to combat the widespread of AMR pathogens in communities and ensure optimum 

public health. 

This study was conducted in Karatu District where interaction between rodents, humans, 

and chicken has been frequently reported (Kilonzo et al., 2006; Makundi et al., 2008; Ziwa 

et al., 2013; Haule et al., 2013; Makundi et al., 2015). Karatu district has been recognized 

as a plague focus area for years which is associated with the interaction between rodents 

and humans in households. The study hypothesis is that such interactions also facilitate 

spread of resistomes and virulence genes, which can be tracked through surveillance of 

One Health pathogens such as S. aureus and E. coli. 

The methodology used in this cross-sectional study included i) collection of samples in the 

field from chicken (cloaca swabs), humans (nasal swabs and stool samples), rodents (deep 

pharyngeal swabs and intestinal contents) ii) culture and biochemical identification of  E. 

coli and  S  aureus iii)  phenotypic  antibiotic  susceptibility  testing  using  Clinical  and 

Laboratory  Standards  Institute  guidelines  (CLSI,  2020)  and  iii)  multiplex  PCR 
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amplification for detection of resistance and virulence genes for each organism (Yao et al., 

2019). This thesis follows the following lay out; i) phenotypic antibiotic resistance profile 

of  S. aureus from rodents, humans, chicken and soil in Karatu district (chapter two), ii) 

phenotypic antibiotic resistance profile of  E. coli  isolated from rodents, humans, chicken 

and soils in selected households of Karatu district (chapter three) iii) genotypic resistance 

and virulence profile of MDR E. coli  isolated from rodents, humans, chicken and soil in 

Karatu  district  (chapter  four),  genotypic  resistance  and  virulence  profile  of  S.  aureus 

isolated from chickens, humans, rodents and soil in Karatu, Northern Tanzania (chapter 

five)  and  discussion,  conclusions  and  recommendations  (chapter  six).  At  the  end,  the 

following  appendices  are  attached;  i)  a  blank  copy  of  an  informed  consent  form  for 

participants that was used during the study, ii) A map of Karatu district showing the study 

locations and iii) photographs showing some laboratory procedures.

1.2   Statement of the Problem

The interaction of rodents with humans in households has a long history in Karatu district 

with the first report being documented in early 1980s by then the place was part of Mbulu 

district  (Kilonzo and Mtoi, 1983). Since then, different studies have been reporting the 

invasion of  rodents  in households with subsequent  interaction  with humans facilitating 

spread of rodent-borne zoonotic infections (Kilonzo et al., 2006; Makundi et al., 2008; 

Ziwa et al., 2013; Haule et al., 2013; Makundi et al., 2015). Most of these studies were 

focused on occurrence of  Yersinia pestis bacterium which is a leading cause of plague 

disease (Yang and Anisimov, 2016). Karatu is currently a plague focus area following the 

unique interaction of rodents with other hosts with ability to spread bacterial infections. 

Therefore, it is time now to investigate the possibility of these rodents to carry and spread 

antibiotic  resistant  organisms including the most  common infectious  and drug resistant 

E. coli and S. aureus in Karatu district. Rodents that invade human households in Karatu 
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have  been  reported  to  interact  with  wild  rodents  in  nearby  forests  and  parks  with  a 

possibility  of  exchanging  bacterial  zoonotic  infections  and  transmit  them  to  humans 

(Makundi et al., 2008; Haule et al., 2013).  Such kind of interaction can enhance wide 

spread of antibiotic resistance and affect public health in the Karatu community and in the 

surrounding parks.

Several  studies  worldwide  have  associated  rodents  that  invade  households  with 

transmission of different antibiotic resistant bacteria (Guenther et al., 2010; Himsworth 

et  al.,  2016;  Ribas et  al.,  2016;  Dahmana et  al.,  2020),  suggesting  the  influence  of 

anthropogenic  factors  in  households.  Following their  unique  ability  of  interacting  with 

humans and other animals in the environment, rodents have been considered as important 

bio  sentinels  which  can  help  in  tracking the  widespread of  antimicrobial  resistance  in 

communities (Furness et al., 2017; Kmeť et al., 2018; Dahmana et al., 2020; Gwenzi et al., 

2021).  However,  studies  on  occurrence  and  patterns  of  multidrug  resistant  (MDR) 

S. aureus and E. coli, the leading cause of various infections in humans and livestock are 

missing in Karatu district. The status of soil contamination in terms of antibiotic resistance 

is not known in Karatu, which can also be a reservoir and good source of transmission. 

Therefore, this study aimed to determine the prevalence of S. aureus and E. coli with their 

resistance and virulence genes in humans, rodents, chickens and soils in households of 

Karatu in northern Tanzania. 

1.2.1   Rationale of the study

Most studies in Karatu have recognized rodents as carriers and transmission vehicles of 

important zoonotic pathogens that cause disease outbreaks (Ziwa et al., 2013; Makundi 

et al., 2015). Despite the potential interaction between humans, food animals and rodents 

there is no information about transmission of resistant bacteria with their resistance and 
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virulence genes across different host species in Karatu. Furthermore, no study has been 

conducted in this area to determine the type of resistant genes in the soil environment in 

households. Both S. aureus and E. coli are One Health (OH) pathogens that are commonly 

used  as  indicator  organisms  to  determine  the  flow  of  resistant  genes  between 

compartments (Poudel et al., 2019). These microbes are also in the ist of 12 most common 

infectious pathogens with multiple drug resistance properties declared by WHO (2017). 

The  application  of  molecular  techniques  such  as  multiplex  PCR to  explore  genotypic 

profiles of resistant isolates from various hosts provides useful insight in the possible cause 

of  resistance  and  elucidate  its  transmission  pathways.  Specifically,  the  information  on 

prevalence  and  patterns  of  antibiotic  resistance  and  virulence  genes  in  E.  coli  and 

S. aureus, will help to determine the magnitude of antibiotic resistance spread and provide 

stakeholders with baseline data for planning purposes and develop innovative strategies to 

address the problem.

1.3   Objectives of the Study

1.3.1   General objective

The main objective of this study was to determine the antibiotic resistance and virulence 

profiles of  Staphylococcus aureus  and  Escherichia coli  isolated from rodents, chicken, 

humans and their surrounding environment in Karatu District.

1.3.2   Specific objectives

i. To determine the phenotypic antibiotic resistance pattern of S. aureus isolated from 

rodents, humans, chicken and soil in households of Karatu district.

ii. To determine the phenotypic antibiotic resistance pattern of  E. coli  isolated from 

rodents, humans, chicken and soil in households of Karatu district.
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iii. To  determine  the  molecular  epidemiology  of  antibiotic  resistance  and  virulence 

genes of E. coli isolated from rodents, humans, chicken and soil in Karatu district.

iv. To  determine  the  molecular  epidemiology  of  antibiotic  resistance  and  virulence 

genes of S. aureus isolated from chicken, humans, rodents and soil in Karatu district.

1.4   Research Question 

i. What  are  the  isolation  frequencies  and  phenotypic  and  genotypic  resistance 

profiles  of  MDR  S.  aureus and  E.  coli isolated  from  rodents,  chickens  and 

humans and the surrounding environment in Karatu District? 

ii. Which virulence genes are found in MDR  S. aureus and  E. coli isolated from 

rodents,  chickens  and  humans  and  the  surrounding  environment  in  Karatu 

District?

1.5   Hypothesis

The interaction between rodents, humans, chickens and their surrounding soil environment 

facilitates spread of resistomes and virulence genes among MDR strains of S. aureus and 

E. coli.   
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Abstract: 

Staphylococcus  aureus is  a  zoonotic  pathogen  with  public  health  and  veterinary 

importance.  We  investigated  the  presence  of  antibiotic  resistance  genes  (ARGs)  and 

virulence genes (VGs) in 57 Multidrug-resistant (MDR) S. aureus  isolated from humans 

(17),  chickens  (14),  rodents  (13)  and  soil  (13)  using  multiplex  PCR.  Overall,  the 

distribution of ARGs was; tetK 18/57 (31.6%), mecA 16/57 (28.1%), tetL 5/57 (8.9%), and 

ermC 1/57 (1.8%), while ermA and tetM were not detected. For VGs the distribution was; 

clfB 6/57 (10.5 %), coa 8/57 (14.0%), clfA 3/57 (5.3%), hlg 1/57 (1.8%), ebpS 2/57 (3.5%), 

fnbB 2/57 (3.5%),  luk-PV 6/57 (10.5%) and tst 1/57 (1.8%).  Resistance genes (tetK  and 

mecA) and virulence  determinants  (clfB,  coa and  luk-PV)  were common in all  sample 

sources,  while  tst,  hlg and fnbB were  specific  to  human,  chicken  and rodent  isolates, 

respectively. Erythromycin phenotypic resistance results correlated with presence of ermC 

(r=0.42), tetL (r=0.98) and mecA (r=0.51), while tetracycline resistance correlated with tetL 

(r=1.00) and mecA (r=0.57) genes and methicillin resistance (MRSA) correlated with mecA 

(r=0.55) and  tetL  (r=0.98) genes. Positive correlations were noted between ARG (ermC) 

and VGs; clfA (r=0.57), hlg (r=1.00) and clfB (r=0.43) and between tetK and clfB (r=0.39); 

tetK and coa (r=0.36) genes.  Principal component analysis (PCA) shows that tetL, ermC 

and  mecA contributed  to  tetracycline,  erythromycin  and  methicillin  resistance, 

respectively.  The  wide  spread  presence  of  resistance  and  virulence  genes,  often  in 

combination, among MDR  S. aureus in isolates from  humans, chicken, rodents and soil 

samples require comprehensive One Health interventions.

1. Introduction

Staphylococcus  aureus is  a  globally  recognized  opportunistic  bacteria  that  colonizes 

humans, animals and is found in the environment (Katakweba et al., 2016; Wang et al., 

2017). In humans,  S. aureus causes a wide spectrum of infections ranging from skin and 
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soft tissue to life-threatening infections such as pneumonia, osteomyelitis, endocarditis and 

bacteraemia (Kayili and Sanlibaba, 2020; Cheung et al., 2021).  S. aureus is the leading 

cause of mastitis in dairy animals (Kashoma et al., 2015) and causes several diseases in 

chickens including omphalitis, dermatitis and arthritis (Abou-Zahr et al., 2018; Gornatti-

Churria et  al.,  2018;  Benrabia et  al.,  2020).  Drug resistant  strains  such as  methicillin-

resistant  S. aureus (MRSA) strains, causes infections that are difficult to treat and have 

been associated with higher mortality and morbidity rates (Watkins et al., 2012) and is on 

the WHO list of high priority antibiotic-resistant bacteria (Savoldi et al., 2019). Carriage of 

virulence factors confers some evolutionary benefit to bacteria, which favours the resistant 

strains (Derakhshan et al., 2021).  S. aureus infections have been associated with several 

virulence factors including; haemolysins (hla, hlb, hld genes), staphylococcal enterotoxins 

(sea,  seb,  sec,  sed,  see genes),  toxic  shock  syndrome  toxin-1  (TSST-1)  and  Panton-

Valentine leucocidin (PVL) (lukFand lukS genes) (Li  et al., 2015; Zhao et al., 2016; Li 

et  al.,  2021;).  Molecular  techniques  like  Multiplex  PCR are  important  in  detection  of 

resistance genes including erm(A), erm(B), tet(A), tet(D) (Adwan et al., 2013), as well as 

virulence factors such as hla, hlb, hld, sea, seb, sec, lukF and lukS (Ote et al., 2011; Zhao 

et al., 2016; Hait et al., 2021).

Antibiotic resistance is recognized as a quintessentially One Health issue, involving cross-

transmission of resistant bacteria or their resistance genes across between humans, animals, 

acquire culture, and environment through their interactions (Ampaire et al., 2016; Mouiche 

et  al.,  2019).  Genetic  determinants  of antimicrobial  resistance,  often located  on mobile 

genetic  elements,  can  be  easily  transmitted  among  different  hosts  including  humans, 

animals  and  the  environment (Baquero et  al.,  2019).  Indeed,  antimicrobial  resistance 

studies using a one health approach have found similarities in multidrug-resistance genes 

in  many  important  and  common  pathogens  such  as  Escherichia  coli,  Klebsiella 

https://www.sciencedirect.com/topics/immunology-and-microbiology/mobile-genetic-elements
https://www.sciencedirect.com/topics/immunology-and-microbiology/mobile-genetic-elements
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pneumoniae and  Staphylococcus aureus suggesting their potential  transmission between 

humans, animals, aquaculture and the environment (Van Duin and Paterson, 2016).  The 

interaction  between  these  compartments,  governed  largely  by  human  anthropogenic 

activities,  are key in the spread AMR genes that can be depicted by molecular  studies 

(Nathan and Cars, 2014). In Tanzania, several studies conducted in Karatu in Northern part 

of the country have revealed intense interactions between rodents, humans and livestock, 

with occurrence of outbreaks of zoonoses, including plague (Kilonzo et al., 2006; Makundi 

et al., 2008; Ziwa et al., 2013; Makundi et al., 2015). 

In  a  recent  study conducted  in  the  area,  S.  aureus isolated  from humans,  rodents  and 

environment showed  high  level  of  phenotypic  resistance  against  a  number  antibiotics 

especially  clindamycin  (51.0%),  erythromycin  (50.9%)  and  tetracycline  (62.5%),  with 

30.2%,  of  them  being  multi-drug  resistant  (MDR)  (Sonola et  al.,  2021).  However, 

molecular studies specifically assessing occurrence and distribution of genes encoding for 

antimicrobial resistance and virulence factors have not been done. Knowledge regarding 

genetic  diversity  antimicrobial  resistance  and  virulence  factors  is  needed  for  effective 

control of the spread of antimicrobial resistance given the ability of  S. aureus  to acquire 

antimicrobial resistance determinants and extensive number of virulence factors (Sonola et 

al.,  2021).  We  therefore  undertook  this  study  to  determine  and  compare  profiles  of 

antimicrobial resistance and virulence genes among MDR S aureus isolated from chickens, 

humans,  rodents  and  soil  in  Karatu,  Northern  Tanzania,  where  such  interactions  are 

intense.  Multiplex PCR was used to amplify the resistance genes (tetK, tetL, tetM, ermA, 

ermC  and mecA), which encodes tetracycline, erythromycin and clindamycin resistance, 

respectively  (Hait et  al.,  2021). Virulence  factors  that  were  investigated  included; 

clumping factor B (clfB), collagen adhesisn gene (cna), coagulase protein (coa), clumping 

factor A protein (clfA), gamma-hemolysin gene (hlg), elastin binding protein gene of  S. 
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aureus (ebpS), fibronectin-binding protein B (fbpB), production of leukocydal toxins (luk-

PV)  and  tst  gene for production of toxic  shock syndrome toxin 1 (TSST-1). These are 

important  virulence  factors  which  facilitate  bacterial  adherence  and  invasion  to  host 

epithelial  cells,  production  of  toxins  and  evasion  of  host  defence  systems  which  are 

necessary for pathogen colonization and initiation of infections in the host’s body.  The 

sequences for the genes are conserved among various Staphylococcus strains and are often 

used to screen virulence in this genus (Cotar et al., 2010; Wang et al., 2019).

Bacterial isolates

A total of 57 MDR S. aureus isolates from chicken cloaca swabs (14), human nasal swabs 

(17), rodents’ deep pharyngeal swabs (13) and household soil (13) samples were preserved 

in tryptic soy broth (TSB) with 50% glycerol (v/v) at  -80⁰C, pending DNA extraction. 

These  isolates  exhibited  phenotypic  resistance  to  at  least  three  different  classes  of 

antibiotics.

Genomic DNA extraction

Isolates were sub-cultured on nutrient broth media (NB, Merck, Germany) and incubated 

at  37 °C  for  24 h.  Genomic  DNA  were  extracted  using  Zymo  Research  Fungal  and 

Bacterial  Genomic DNA MiniPrepTM kit  (Zymo Research,  Irvine,  USA), according to 

manufacturer’s recommendations. The purity, quality and quantity of extracted DNA were 

determined  by  using  a  Nanodrop  device  (NanoDrop,  Thermo  Scientific,  USA),  gel 

electrophoresis, and spectrophotometer. The extracted genomic DNA were stored at -80 °C 

pending PCR analyses.  DNA from  S. aureus strain ATCC 25923 was used for quality 

control.
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Detection of antibiotic resistance and virulence genes 

Multiplex PCR was used to amplify the resistance (tetK, tetL, tetM, ermA, ermC and mecA) 

and virulence (clfB, cna, coa, clfA, hlg, ebpS, fnbB, luk-PV and tst) genes according to the 

previously described protocol (Ote et al., 2011; Zhao et al., 2016). The primers used for 

PCR amplification of different genes are listed in Table 1. Lyophilized primers (Macrogen, 

Amsterdam, The Netherlands) for targeted genes were reconstituted using DNase/RNase-

free sterile water to obtain 100 μM stock solutions which were stored at −20 °C and finally 

diluted  to  a  working concentration  of  10 μM. Amplification  was carried  out  in  a  total 

volume of 25 μL containing 12.5 μL of 1X Taq PCR Master Mix (Bio Basic, Canada), 1 

μL of the forward primer and 1 μL of the reverse primer, 3 μL of DNA template, and 7.5 

μL sterile nuclease-free water for every set of PCR. The cycling conditions for all reactions 

are  as  shown in  Table  2.   PCR products  were  run  on  1.5% (w/v)  agarose  gel  using 

electrophoresis, stained with gel red (Merck, Darmstadt, Germany) at 120 Volts for 1 h, 

and visualized under UV light using a BioDoc-itTM imaging system (Ultra-Violet Products, 

Cambridge,  UK) by using  GeneRuler  100 bp Plus  DNA Ladder  (Bioneer,  Republic  of 

Korea).
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Table 1: List of primers that were used for detection of resistance and virulence genes among the MDR S. aureus isolates

Table 2: The protocol used during multiplex PCR amplification of resistance and virulence genes of MDR S. aureus isolates

Targeted Gene Primer name Primer sequence (5-3) Amplicon size (bp) Annealing temperature 
(⁰C)

Reference

tet(K) TetK-1 TTAGGTGAAGGGTTAGGTCC 360 55 Abdolmaleki et al., 2019

TetK-2 GCAAACTCATTCCAGAAGCA

tet(L) TetL2-2 ATAAATTGTTTCGGGTCGGTAAT 1077 55 Trzcinski et al., 2000

TetL2-1 AACCAGCCAACTAATGACAAGAT

tet(M) TetM-1 GTCCGTCTGAACTTTGCGGA 158 55 Trzcinski et al., 2000
TetM-2 GCGGCACTTCGATGTGAATG

ermA Tn554-1(ermA) AAGCGGTAAACCCCTCTGA 139 55 Sidhu et al., 2002

Tn554-2 (ermA) TTCGCAAATCCCTTCTCAAC

ermC ermC-2 AATCGGCTCAGGAAAAGG 562 55 Pérez-Serrano et al., 2020

ermC-1 ATCGTCAATTCCTGCATG
mecA

ebpS

MecA1-F
MecA1-R
EBP-1

AACTCTGTTATTAGGGAAGAACA
CCACCTTCCTCCGGTTTGTCACC
CATCCAGAACCAATCGAAGAC

293

186

55

55

Abdomaleki et al., 2019

Peacock et al., 200
EBP-2 CTTAACAGTTACATCATCATGTTTATCTTTG

can CNA-1 AGTGGTTACTAATACTG 560 55 Peacock et al., 2002

CNA-2 CAGGATAGATTGGTTTA

clfA CLFA-1 ATTGGCGTGGCTTCAGTGCT 292 55 Tristan et al., 2003

CLFA-2 CGTTTCTTCCGTAGTTGCATTTG

clfB CLFB-1 ACATCAGTAATAGTAGGGGGCAAC 203 55 Tristan et al., 2003

CLFB-2 TTCGCACTGTTTGTGTTTGCAC

coag COAG-1 ACCACAAGGTACTGAATCAACG 812 55 Mullarky et al., 2001

COAG-2 TGCTTTCGATTGTTCGATGC

luk-PV LUK-PV-1 ATCATTAGGTAAAATGTCTGGACATGATCCA 433 55 Jarraud et al., 2002

LUK-PV-2 GCATCAASTGTATTGGATAGCAAAAGC

hlg HLG-1 GCCAATCCGTTATTAGAAAATGC 938 55 Jarraud et al., 2002

HLG-2 CCATAGACGTAGCAACGGAT

tst TST-1 CATCTACAAACGATAATATAAAGG 476 55 Vannuffel et al., 1995

TST-2 CATTGTTATTTTCCAATAACCACCCG

fnbB FNBB-1 GTAACAGCTAATGGTCGAATTGATACT 523 55 Tristan et al., 2003

FNBB-2 CAAGTTCGATAGGAGTACTATGTTC
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Program
Amplified

Genes
Initial 

denaturation
Denaturation Annealing Primer extension Final extension Amplification

PCR 1

ermA 94 C   1 min⁰ 94 C, 1 min⁰ 55 C, 1 min⁰ 72 C, 1 min⁰ 72 C   10 min⁰
25 cyclesermC 94 C   1 min⁰ 94 C, 1 min⁰ 55 C, 1 min⁰ 72 C, 1 min⁰ 72 C   10 min⁰

tetK 94 C   1 min⁰ 94 C, 1 min⁰ 55 C, 1 min⁰ 72 C, 1 min⁰ 72 C   10 min⁰
mecA 94 C   3 min⁰ 94 C, 30 sec⁰ 58 C, 30 sec⁰ 72 C, 30 sec⁰ 72 C   3 min⁰

PCR 2
tetL 94 C   3 min⁰ 94 C, 30 sec⁰ 58 C, 30 sec⁰ 72 C, 30 sec⁰ 72 C   3 min⁰

30 cycles
tetM 94 C   3 min⁰ 94 C, 30 sec⁰ 55 C, 30 sec⁰ 72 C, 30 sec⁰ 72 C   3 min⁰

PCR 3

fnbB 94 C   5 min⁰ 94 C, 1 min⁰ 55 C 1min⁰ 72 C, 1 min⁰ 72 C   10min⁰

25 cycles

clfA 94 C   5 min⁰ 94 C, 1 min⁰ 55 C 1min⁰ 72 C, 1 min⁰ 72 C   10min⁰
clfB 94 C   5 min⁰ 94 C, 1 min⁰ 55 C 1min⁰ 72 C, 1 min⁰ 72 C   10min⁰
cna 94 C   5 min⁰ 94 C, 1 min⁰ 55 C 1min⁰ 72 C, 1 min⁰ 72 C   10min⁰

ebpS 94 C   5 min⁰ 94 C , 1 min⁰ 55 C 1min⁰ 72 C, 1 min⁰ 72 C   10min⁰
coa 94 C   5 min⁰ 94 C, 30 sec⁰ 55 C 1 min⁰ 72 C, 1 min⁰ 72 C   10min⁰

PCR 4

tst 94 C   5 min⁰ 94 C , 30 sec⁰ 55 C 1 min⁰ 72 C, 1 min⁰ 72 C   10min⁰
30 cyclesluk-PV 94 C   5 min⁰ 94 C , 30 sec⁰ 55 C 1 min⁰ 72 C, 1 min⁰ 72 C   10min⁰

hlg 94 C   5 min⁰ 94 C , 30 sec⁰ 55 C 1 min⁰ 72 C, 1 min⁰ 72 C   10min⁰
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Statistical analysis

The data obtained were arranged and entered into an Excel spreadsheet (Microsoft® Office 

Excels  2010)  and  analysed.  The  differences  in  prevalence  of  the  genes  (%)  between 

categories were compared by chi-square test while distributions and relationships among 

the genes in their  respective sources of isolates were managed by principal component 

analysis (PCA). All statistical analyses were performed by using R-software and any  p-

value less than 0.05 was considered significant.

2. Results

Distribution of resistance genes among MDR S. aureus isolates from different sample 

sources

As shown in Table 3,  the overall  distributions  of resistance genes were;  tetK  (31.6%), 

mecA (28.1%), tetL (8.9%), and ermC (1.8%). These genes were detected in isolates from 

human 12/17 (70.6%), chicken 14/14 (100.0%), rodent 6/13 (61.5%) and soil 6/13 (46.2%) 

samples. 

Table  3: Prevalence of antibiotic resistance genes in MDR  S. aureus isolates from 

different samples 

Genes
Different types of sample sources n (%)

Human (n=17)
Chicken 
(n=14)

Rodent 
(n=13)

Soil
(n=13)

Total isolates
(n=57)

ermC 0 (0.0) 1 (7.1) 0 (0.0) 0 (0.0) 1 (1.8)

tetK 5 (29.4) 5 (35.7) 6 (46.2) 2 (15.4) 18 (31.6)

tetL 3 (17.6) 2 (14.3) 0 (0.0) 0 (0.0) 5 (8.9)
mecA 4 (23.5) 6 (42.9) 2 (15.4) 4 (30.8) 16 (28.1)
Total 12 (70.6) 14 (100.0) 8 (61.5) 6 (46.2) 40 (70.2)
Chi-square
p-value

32.6
0.001

37.5
0.001

29.5
0.001

20.67
0.002
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PCR Amplification of virulence genes 

The PCR results  show that,  clfB (10.5%),  coa  (14.0%),  clfA (5.3%),  hlg (1.8%),  ebpS 

(3.5%), fnbB (3.5%), luk-PV (10.5%) and tst (1.8%) genes were detected (Table 4). These 

genes were distributed in isolates from human 7/17 (41.2%), chicken 6/14 (42.9%), rodent 

5/13 (38.5%) and soil 11/13 (84.6%) samples.

Table 4:    Detection of virulence genes in MDR S. aureus isolates from different 

samples

Genes

Number of samples from different sources n (%)
Total isolates

(n=57)Human
(n=17)

Chicken 
(n=14)

Rodents (n=13)
Soil
(n=13)

clfB 2 (11.8) 1 (7.1) 1 (7.1) 2 (15.4) 6 (10.5)

coa 2 (11.8) 1 (7.1) 2 (15.4) 3 (23.1) 8 (14.0)

clfA 0 (0.0) 2 (14.3) 0 (0.0) 1 (7.7) 3 (5.3)

hlg 0 (0.0) 1 (7.1) 0 (0.0) 0 (0.0) 1 (1.8)

ebpS 1 (5.9) 0 (0.0) 0 (0.0) 1 (7.7) 2 (3.5)

fnbB 0 (0.0) 0 (0.0) 0 (0.0) 2 (15.4) 2 (3.5)

luk-PV 1 (5.9) 1 (7.1) 2 (15.4) 2 (15.4) 6 (10.5)

tst 1 (5.9) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8)

Total 7 (41.2) 6 (42.9) 5 (38.5) 11 (84.6) 29 (50.9)
Chi-square
p-value

4.8
0.5697

6.0
0.6472

11.2
0.1906

7.82
0.4514

We observed  multiple  occurrences  of  up  to  three  genes  among  isolates  from human, 

chicken and soil  samples  while  isolates  from rodents were having a maximum of two 

genes as shown in Table 5. For virulence determinants, combinations of up to four genes 

were common in chicken-isolates,  while  co-occurrence  of  three  genes  was common in 

human and soil isolates (Table 5).  
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Table  5: Co-occurrence between resistance and virulence genes of MDR  S. aureus 

from different sample sources

Sample ID Source Resistance genes Virulence genes
EDM 2H Human tetK, tetL, mecA
EEG 23H Human tetK, mecA clfB, coa,ebpS
EEG 16H Human tetL, mecA
KS 3H Human tetK, tetL coa, luk-PV
BSA 2P Chicken tetK, tetL, mecA
BSG 6P Chicken ermC, tetK clfB, clfA, coa, hlg
SL 1P Chicken tetK, mecA
Ert 13P Chicken tetL, mecA
Ert 12P Chicken mecA clfA, luk-PV
BSG 14Ra Rodent tetK, mecA
KM 3R2 Rodent tetK luk-PV
Ert 10R2b Rodent tetK luk-PV
Ert 10Ra Rodent tetK clfB, coa
KS 4S Soil tetK clfB, coa, clfa
Ert 9S Soil mecA luk-PV
KS 14S Soil mecA fnbB
KS 3S Soil tetK, mecA fnbB
Ert 12S Soil tetK, tetL luk-PV
Ert 13S Soil tetK, tetL clfB, coa, ebpS
BSG 2S Soil tetK, tetL, mecA

As  shown  in  in  Figures  1  and  2,  resistance  genes  (tetK and  mecA)  and  virulence 

determinants (clfB, coa and  luk-PV) were common in isolates from all  sample sources. 

However, virulence genes  tst, hlg and  fnbB were specific to human, chicken and rodent 

isolates, respectively.
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Figure 1: Comparative occurrence of resistance genes among MDR S. aureus isolates 

from all sources

Figure 2: Comparative occurrence of virulence genes among MDR S. aureus from all 

samples
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Correlation between phenotypes and genotypes AMR results

We found positive correlations between erythromycin resistance and ermC (r=0.42), tetL 

(r=0.98)  and  mecA (r=0.51),  tetracycline  with tetL (r=1.00)  and  mecA (r=0.57)  and 

methicillin with mecA (r=0.55) and tetL (r=0.98) (Table 6).

Table  6:  Correlation  between  resistance  phenotypes  and  genotypes  of  MDR 

S. aureus

 

Correlation coefficients (r)
Resistance genotypes Resistance phenotypes

ermC tetK tetL mecA Erythromycin Tetracycline Methicillin
ermC 1 0.19 0.33 0.82 0.42 0.39 0.45
tetK 0.19 1 0.32 -0.24 0.49 0.36 0.46
tetL 0.33 0.32 1 0.54 0.98 1.00 0.98
mecA 0.82 -0.24 0.54 1 0.51 0.57 0.55
Erythromyci
n 0.42 0.49 0.98 0.51 1 0.99 1.00
Tetracycline 0.39 0.36 1.00 0.57 0.99 1 0.99
Methicillin 0.45 0.46 0.98 0.55 1.00 0.99 1

As  shown  in  Table  7,  we  found  positive  correlations  between  resistance  (ermC)  and 

virulence genes; clfA (r=0.57), hlg (r=1.00) and clfB (r=0.43), tetK and clfB (r=0.39); tetK 

and coa (r=0.36), while other correlations were weak and negative (Table 7).

Table 7:  Correlation coefficients (r) between virulence and resistance genes

Virulence 
genes

Correlation coefficients (r) between virulence and resistance genes

Antibiotic resistance genes

ermC tetK tetL mecA
clfB 0.43 0.39 0.05 -0.08
coa 0.36 0.36 0.16 -0.14
clfA 0.57 0.14 -0.10 0.01
hlg 1.00 0.17 -0.05 -0.09
ebpS -0.03 0.24 0.20 0.08
fnbB -0.03 0.04 -0.08 0.28
luk-PV -0.05 0.20 0.19 0.01

tst -0.02 -0.11 -0.05 -0.09
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Principal component analysis results for resistance genes

Along PC1 (37.3% explained variance), the vectors for tetL and mecA genes, each forms a 

small angle with the x-axis indicating that the genes had higher contribution to tetracycline 

and  methicillin  resistance  of  MDR  S.  aureus isolates.  The  small  angle  between  these 

vectors indicates  greater  and positive correlations  between the genes.  Considering PC2 

(28.2% explained variance),  the vector for  ermC shows greater and positive correlation 

with PC2 implying higher contribution of  ermC gene to erythromycin-resistance of the 

isolates. The ellipses indicate that, most of the resistance genes were found in isolates from 

chicken samples. The overlapping ellipses for rodents, humans and soil indicate that, the 

prevalence of resistance genes did not vary much across these sample sources.

Figure 3: Principal component analysis of resistance genes of MDR S. aureus isolates
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The dots stand for isolates with their respective sample sources, arrows indicate the vectors 

for resistance genes of the isolates and ellipses indicate a 95% confidence interval for all 

samples of a particular source.

Principal Component Analysis (PCA) results for virulence genes

According to Figure 2,  clfB, coa, hlg and  clfA genes each forms a small angle with PC1 

(34.5% variance),  indicating  their  higher  influence  to  virulence  of the MDR  S. aureus 

isolates. The genes displayed greater and positive correlations particularly between  clfB 

and coa, and hlg and clfA. Like wisely, fnbB gene had higher contribution to virulence of 

isolates  but  were  negatively  correlated  with  hlg and  clfA genes.  Along  PC2  (17.4% 

variance),  luk-PV and ebpS were close to the y-axis showing their higher contribution to 

virulence of the isolates. However, the vectors of these genes were tending to opposite 

directions  indicating  that,  luk-PV and  ebpS  genes are  negatively  correlated.  The biplot 

shows larger size of soil-ellipse followed by that of humans and rodents both extending in 

the  positive  quadrant  indicating  that  most  of  the  virulence  genes  were  found  in  soil-

isolates, followed by those from humans and rodents. The shrunk chicken ellipse extends 

downward in the negative quadrant showing that MDR isolates from chicken samples had 

comparatively lower prevalence of virulence genes. 
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Figure 4:  Principal component analysis of virulence genes of MDR S. aureus isolates

The dots stand for isolates with their respective sample sources, arrows indicate the vectors 

for virulence genes of the isolates and ellipses indicate a 95% confidence interval for all 

samples of a particular source.

Discussion

According to literature review, there is a limited amount of data regarding genetic profile 

of AMR and virulence genes involving MDR  S. aureus isolated from humans, poultry, 

rodents  and  house-hold  soil  in  Tanzania  or  surrounding  countries.  This  study  was 

conducted in Karatu in Northern Tanzania where interactions between them is very intense 

with likelihood for the spread of resistomes and virulence genes (Haule et al., 2013; Ziwa 

et al., 2013; Makundi et al., 2015; Sonola et al., 2021). A phenotypic study conducted in 

Karatu indicated high levels of resistance to tetracycline, erythromycin and clindamycin in 

samples collected from humans, poultry, rodents and house-hold soil (Sonola et al., 2021). 
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This study, therefore was focused on determining genetic basis of the observed phenotypic 

resistance and went further to find out the type of virulence genes factors in the isolates. 

The resistance genes detected in our study were  ermC (1.8%),  tetK (31.6%),  tetL (8.9%) 

and mecA (28.1%). These genes were found in all isolates from chicken (100%) followed 

by human (70.6%), rodent (61.5%) and soil  (46.2%) samples.  This finding is plausible 

with  reports  of  extensive  clindamycin,  tetracycline,  erythromycin  and  amoxicillin-

clavulanate resistance in poultry and humans in Karatu district and other areas in northern 

Tanzania (Hassell et al., 2019; Gwenzi et al., 2021). Tetracyclines still remain the first-line 

treatment for a number of human and veterinary infections in many parts of the world, 

including Tanzania (Sangeda et al., 2021). Our findings show that tetracycline resistance 

was predominated by  tetK genes (31.6%) compared with  tetL genes (8.9%), which is in 

agreement with previous studies (Dehkordi et al., 2017; Jamali et al., 2015).  The tetK and 

tetL encode efflux pumping mechanism during S. aureus resistance to tetracycline (Lim et 

al., 2012). Overall, we found that 40.0% of MDR S. aureus isolates had mecA gene which 

is greater than 29% reported by Silva et al. (2021), in their study on quails slaughtered. In 

our study, the ermC gene was less frequently detected (1.8%), which is unlike other studies 

reporting prevalence rates ranging from 27.02% to 90.1% (Jamali et al., 2015; Dehkordi 

et al., 2017; Li et al., 2019; Silva et al., 2021). 

The lower prevalence of  ermC genes in our study, indicates  that  other  mechanisms of 

resistance  such  as  drug  efflux  (mediated  by  msrA gene),  rather  than  methylation  of 

ribosomal sites of  S. aureus which is usually mediated by  ermC, might have influenced 

resistance of isolates to erythromycin and clindamycin (Vandendriessche et al., 2011). We 

noted a co-existence of resistance genes, where the combination of  tetK, tetL and  mecA 

genes  was  the  most  common  in  most  isolates.  The mecA  gene,  which  is  carried  on 

Staphylococcal Cassette Chromosome mec (SCCmec), is associated with genes encoding 
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resistance  to  several  non-beta-lactam  antibiotic  classes,  such  as  tetracyclines  and 

aminoglycosides (Fatholahzadeh et al., 2008).

With regard to virulence genes, the most frequent were clfB (10.5%), coa (14.0%), luk-PV 

(10.5%) and clfA (1.8%). We found lower prevalence of   hlg (1.8%), ebpS (3.5%), fnbB 

(3.5%) and  tst  (1.8%).   Most  of  the  genes  were  found  in  isolates  from soil  (84.6%), 

followed by those from chicken (42.9%), human (41.2%) and rodent (38.5%) samples. Our 

findings  have  two implications  i)  most  of  these  isolates  displayed  an  ability  to  cause 

infections that are difficult to treat (Mullarky et al., 2001; Peacock et al., 2002; Tristan et 

al., 2007) and ii) both rodents and soil environment are potential reservoirs (Lupindu et al., 

2015; Hassell et al., 2019; Gwenzi et al., 2021). The virulence genes; ebpS, clfA, clfB and 

fnbB encode for binding proteins that facilitate bacterial adherence to host epithelial cells 

during invasive infections (Ionescu et al., 2015; Wang et al., 2018). The luk-PV and  hlg 

genes encode production of toxins that disrupt host immunity resulting into skin lesions 

and  severe  pneumonia  while  coagulase  gene  (coa)  is  responsible  for  protection  of  S. 

aureus cells  against  phagocytosis  and host immunity (Cotar et al.,  2010). The  tst  gene 

codes for production of toxic shock syndrome toxin-1 (TSST-1) protein associated with 

skin rashes and kidney failure (Bertelloni et al., 2015). According to PCA results, clfB, 

coa, ebpS, fnbB, luk-PV, fnbA and tst genes had higher influence to virulence of the MDR 

S. aureus isolates, and there were positive correlations particularly between clfB and coa, 

and  hlg  and  clfA, which comprehends with the results reported by other related studies 

(Ionescu et al., 2015; Preda et al., 2021). We noted a co-occurrence between resistance and 

virulence genes in MDR S. aureus isolates from humans (tetK, mecA, clfB, coa and ebpS), 

chicken (ermC, tetK, clfB, clfA, coa and hlg), rodents (tetK, clfB and coa) and soil (tetK, 

tetL, clfB, coa and ebpS). Indeed, PCA confirmed positive correlations between resistance 

and virulence genes of MDR S. aureus highlighting the possibility of co-transmission of 



74

plasmid mediated genes through horizontal  gene transfer (Sidhu  et al., 2002). Notably, 

resistance genes (tetK and mecA) and virulence determinants (clfB, coa and luk-PV) were 

common in  all  sample  sources,  while  tst,  hlg  and fnbB were  only  specific  to  human, 

chicken and rodent isolates, respectively. Our results are in agreement with the findings 

from  different  studies  on  prevalence  of  virulence  and  antibiotic  resistance  genes  in 

S. aureus (Tristan et al., 2007; Preda et al., 2021; Silva et al., 2021).

In summary, our results show occurrence and co-occurrence of AMR and virulence genes 

in most of the isolates implying that the circulating MDR S aureus strains are capable of 

causing infections  that  are  difficult  to  treat  (Ionescu et  al.,  2015;  Wang et  al.,  2018). 

Certainly, the predominance of tetK, tetL and mecA in all sample sources is a reflection of 

the reported pattern of antibiotic usage in the area (Sonola et al., 2021). The carriage of 

virulence genes was high even in isolates from soil samples. We are recommending the 

following;  1)  progressive  stewardship  of  antibiotics  usage  in  human  and  veterinary 

medicine. 2) improving One Health (OH) interventions to minimize the risks of spreading 

infections among humans, chickens and soil environment and 3) rodent control practices in 

households. This will require a multisectoral and multidisciplinary collaborative effort of 

human health, animal health and environmental sector to attain optimal health for people 

and animals and protect the environment.

Lastly, we acknowledge that although our study provides important insight regarding the 

profile of AMR and virulence genes among MDR S. aureus strains circulating in Karatu, 

sequence  typing  is  needed  to  explore  genetic  diversity  and  relatedness,  which  have 

consequences in managing the spread and control of these strains between reservoirs. 
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Conclusion

This study has shown that the S. aureus isolates recovered from humans, poultry, rodents 

and household soil contain a variety of resistance genes, mainly tetK,  tetL and mecA and 

virulence  genes  mostly;  clumping  factor  B  (clfB),  coagulase  protein  (coa),  leukocydal 

toxins (LUK-PV) and clumping factor A protein (clfA). PCA revealed that clfB, coa, hlg 

and clfA genes had higher influence to virulence of the MDR S. aureus isolates. Resistance 

genes (tetK and mecA) and virulence determinants (clfB, coa and luk-PV) were common in 

all  sample  sources,  while  tst,  hlg  and fnbB were only  specific  to  human,  chicken and 

rodent  isolates,  respectively.  AMR  and  VR  genes  were  found  in  rodents  and  soil 

environment implying that both are potential reservoirs.  The large battery of AMR and 

VR genes among MDR  S. aureus strains circulating in the area, indicate their ability to 

cause infections that are difficult to treat endangering public and animal health. 
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CHAPTER SIX

6.0   GENERAL DISCUSSION

This study was conducted in Karatu district, an area reported to have high interactions of 

rodents, chicken, humans and soil in households that have been associated with spread of 

zoonotic infections (Kilonzo and Mtoi, 1983; Kilonzo et al., 2006; Makundi et al., 2008; 

Ziwa et al., 2013; Makundi et al., 2015). The main objective was to determine isolation 

frequencies, phenotypic and genotypic antimicrobial resistance and virulence profiles of 

MDR S. aureus and E. coli. These two bacterial species are One Health bacterial species 

used  for  tracking  the  spread  of  resistomes  and  virulence  genes  across  human-animal-

environment sources (Aslam et al., 2021). 

Results of this investigation revealed high frequencies of isolation for S. aureus and E. coli 

in rodents, humans and chicken and soil samples. For S. aureus, the isolation frequencies 

were 52.1%, 66.5%, 74.3% and 24.5% in samples from chicken, human, rodent and soil, 

respectively. The percentage of occurrence of S. aureus in humans comprehends with the 

findings of other studies in Tanzania which reported a wide range from 59.3% to 71.4% 

(Kinabo et al., 2013; Silago et al., 2015; Kazimoto et al., 2018). The isolation frequencies 

of E. coli from chicken, humans, rodents and soil were 81.6 %, 86.5 %, 79.2 % and 31.0 

%, respectively.   This  wide spread occurrence  of  S.  aureus and  E.  coli highlights  the 

possibility of their spread across human-animal-environment sources (Aworh et al., 2021), 

with consequential flow of resistomes and virulence genes (Ogundipe et al., 2020). 

Antibiotic susceptibility testing results revealed that S. aureus isolates exhibited resistance 

to  clindamycin  (51%),  erythromycin  (50.9%)  and  tetracycline  (62.5%)  while,  E.  coli 

isolates  showed  high  resistance  against  tetracycline  (73.7%),  imipenem  (79.8%)  and 
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cefotaxime (79.8%). This highlights that the drugs could be frequently used and misused 

during treatment and prevention of bacterial infections in chicken and humans.  A recent 

review reported that the most commonly used classes of antimicrobial agents in animals in 

Tanzania and Africa in general are tetracycline, sulphonamides, penicillin, macrolides and 

others including antiprotozoal agents (Kimera et al., 2020; Mdegela et al., 2021). 

These antibiotics have also been found in studies investigating residues in foods of animal 

of  animal  origin  in  this  country  at  levels  exceeding  acceptable  regulatory  levels 

(Bilashoboka et al., 2019; Kimera et al., 2020; Mdegela et al., 2021) posing danger to 

human  health.  The  primary  reasons  why  farmers  use  antimicrobials  are  for  sickness 

prevention  (60%),  growth promotion  (26%) and treatment  (14%).  Farmers  usually  use 

antimicrobials (61%) and they sometimes use other disease prevention techniques such as 

biosecurity and vaccination (39%) (FAO, 2019; Nonga et al., 2009). In most cases, similar 

antibiotics are shared between the public health, animal health and the food sectors (FAO, 

2019; Mboera et al., 2018). Unfortunately, a National Sample Survey indicated that only 

20% of Tanzanian farmers utilise extension services (GOT, 2017; Michael et al., 2018).

Ranges of resistance shown by  S. aureus to  all  tested antibiotics  were between 57.3% 

(erythromycin) and 65.9% (tetracycline) in isolates from chicken, 51.7% (clindamycin) to 

74.4%  (tetracycline)  from  humans,  40%  (clindamycin)  to  53.3%  (tetracycline)  from 

rodents and 31.1% (erythromycin) to 56.3% (tetracycline) from soil samples. For E. coli, 

the resistance ranged from 76.7% (imipenem) to 83.1% (cefotaxime) for chickens, 62.1% 

to 75.7% for human,  77.5% (cefotaxime)  to 83.8% (imipenem) for rodents and 60.0% 

(tetracycline)  to  81.1%  (imipenem)  for  soil-isolates.  The  occurrence  of  antimicrobial 

resistance (AMR) isolates in rodents and soil indicate their significance as vectors that can 

disseminate AMR to humans via direct contact, human food contamination, and horizontal 
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gene transfer (Gwenzi et al., 2021). Rodents as wild animals can spread resistant bacterial 

infections to other rodents or wild animals in the forests or parks close to Karatu district 

and increase the spectrum of AMR spread. 

Specific resistance rates of isolates from chicken, human, rodent and soil samples showed 

variations against the tested antibiotics. For S. aureus, resistance against tetracycline varied 

from 53.3% to 74.4%, for erythromycin ranged from 31.3% to 62.8% and for clindamycin 

from 40.0% to 62.2%. For  E. coli resistance against tetracycline varied from 60.0% to 

77.5%for imipenem ranged from 74.4% to 83.8%% and for cefotaxime from 75.7% to 

83.1%.  The available data obtained from a number of studies in food animals in Tanzania 

show  high  proportion  of  multidrug-resistant  S.  aureus  and  E.  coli  isolates,  including 

methicillin-  resistant  Staph.  aureus  (MRSA)  and  extended-spectrum  beta-lactamase 

(ESBL)  producers  (Kivaria et  al.,  2006;  Kurwijila et  al.,  2006;  Mdegela et  al.,  2004; 

Mdegela et al.,  2009) Mgaya et al.,  2021) at the level found in this study, with minor 

variations. Similar resistance pattern has also been shown in clinical isolates from humans 

with various infectious disease conditions (Mshana et al., 2013).

A number of MDR isolates  exhibited various phenotypic resistance patterns.  The most 

common combination was CD-E-TE (clindamycin, erythromycin and tetracycline) for  S. 

aureus and  TE-IMP-CTX  (tetracycline,  imipenem  and  cefotaxime)  for  E.  coli. MDR 

isolates  were in  all  sample sources  (humans,  poultry,  rodents and soil),  indicating  and 

supporting common use of these antibiotics observed previously in this area (Rugumisa 

et al.,  2016; Caudell et  al.,  2017).   Surprisingly,  S. aureus isolates  from chickens had 

exhibited high resistance to clindamycin (62.2%) and E. coli isolates had high resistance to 

imipenem (83.1%), which are not commonly used in poultry farming in Tanzania. It has 

been observed that frequent use of macrolides such as erythromycin trigger production of 
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erythromycin ribosomal methylase (erm) enzymes in S. aureus, with subsequent induction 

of resistance to clindamycin (Levin et al., 2005). The rate of resistance to imipenem found 

in this study is alarming since  carbapenems are often reserved as the last-line antibiotics 

against MDR Enterobacteriaceae since they are stable even in the presence of extended-

spectrum β-lactamases (ESBLs) and AmpC enzymes (Tsakris et al., 2010). The high level 

of resistance against imipenem found in this study might be due to co-existence of ESBL 

and MBL resistance genes on plasmids and hence co-transmission (Masoud et al., 2021). 

Antibiotic  resistance and virulence  genes  of MDR  E. coli and  S.  aureus isolates  were 

detected using multiplex PCR technique (Yao et al., 2019). Various genes that encode for 

beta-lactamases, tetracycline, quinolone and carbapenem resistance and virulence factors 

were amplified. Resistance genes detected in MDR E. coli were; blaTEM (46%), blaCTX-

M (26%),  blaSHV (22%),  tetA  (46%),  tetB (14%),  qnrA (24%),  qnrB (8%),  blaOXA-48 

(12%) and blaKPC (6%). In a recent study in poultry in Dar es Salaam found CTX-M and 

quinolones resistant gene (qnrS), while TEM, SHV, qnrA, qnrB and aac (6')-lb-cr were not 

detected (Mgaya et al., 2021) and another study found pork and poultry in Dar es Salaam 

harbouring  blaCTX-M, 15% aac (6)-lb-cr, 10% qnrB, and 5% qepA and none harboured 

TEM,  SHV, qnrA, qnrS, qnrC,  or qnrD (Kimera  et  al., 2020).  For  MDR  S.  aureus, 

resistance  genes  detected  were;  tetK (31.6%),  tetL (8.9%),  ermC (1.8%)  and  mecA 

(28.1%). The prevalence rates of tetK and tetL genes in this study are significantly lower 

compared to tetK (78.8%) and tetl (81.4%) reported by Zhou et al. (2020) in a related study 

in China. However, Monecke et al. (2016) reported 4.8% rate for both tetK and tetL genes 

in  S. aureus isolated from rodents, which is much, lower than the findings of this study. 

The gene with lowest frequency in this study was ermC (1.8%) which compares with 1.9% 

reported elsewhere (Zhou et  al.,  2020),  but  much lower than  96.6% documented  by a 

South African study on S. aureus in pigs and environmental samples (Sineke et al., 2021). 
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A previous study conducted in Tanzania by Katakweba et al. (2016) on  S. aureus  from 

humans, pigs and dogs did not detect ermC (0%) gene. The observed mecA (28.1%) in the 

present  study compare  with  22.6% findings  reported  by  Okorie-Kanu et  al. (2020)  in 

Nigeria, but is lower than 63.75% reported by Sineke et al. (2021) in South Africa.

Interestingly, positive correlations were observed between  E. coli resistance phenotypes 

and  genotypes  as  reported  by  others (Evans  and  Amyes,  2014).  These  correlations 

included; tetracycline and  tetA (r=0.53); tetracycline and  tetB (r=0.90); tetracycline and 

blaKPC (r=0.90);  imipenem  and  blaKPC (0.90);  imipenem  and  blaOXA-48 (0.89); 

ciprofloxacin and qnrA (0.90); cefotaxime and blaKPC (r=0.93); cefotaxime and blaOXA-

48 (0.90);  cefotaxime  and  qnrA  (r=0.96).  The  lower  correlation  coefficient  between 

tetracycline resistance phenotype and tetA gene (r=0.53) implies that other genes such as 

tetC, tetD and tetG could have influenced the phenotypic tetracycline resistance (Skočková 

et  al.,  2021). Positive  correlations  were  observed  between  resistance  phenotypes  and 

genotypes for  S. aureus isolates; erythromycin with  ermC (r=0.42);  tetL (r=0.98);  mecA 

(r=0.51), tetracycline with tetL (r=1.00); mecA (r=0.57) and methicillin with mecA (r=0.55) 

and  tetL (r=0.98).  The lowest correlation coefficient  was found between erythromycin 

resistance and its genotype ermC (r=0.41) indicating that, different resistance mechanisms 

such as efflux pumping (encoded by  msrA  gene) or drug inactivation  (encoded by  lnu 

genes), could have influenced resistance of  S. aureus to erythromycin and not target site 

modification by ribosomal methylation (encoded by ermA and ermC genes) (Saderi et al., 

2009).

In this study, virulence genes detected among MDR E. coli isolates included; ompA (72%), 

traT (26%), east (18%), bfp (10%), eae (2%) and stx-1 (4%). A number of virulence genes 

were also found among MDR S. aureus isolates, including; clfB (10.5%), coa (14.0%), clfA 
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(1.8%), hlg (1.8%), ebpS (3.5%), fnbB (3.5%), luk-PV (10.5%) and tst (1.8%). These genes 

are responsible for various disease causing mechanisms (Firoozeh et al., 2014; Said et al., 

2015; Algammal et al., 2020; Pan et al., 2021; Bessaiah et al., 2022; Salamandane et al., 

2022). 

Most of the AMR genes were found in isolates from rodents (80.0%), followed by chicken 

(75.0%),  human  (57.1%),  and  soil  (50.0%),  while  virulence  genes  mostly  detected  in 

isolates  from rodents (80.0%), followed by chicken (75.0%), humans (57.1%), and soil 

(50.0%) samples. This pattern of predominance of AMR and virulence genes in isolates 

from rodents and poultry underlines their potential of causing drug resistance infections 

(Benavides et al., 2021). As a matter of fact, principal component analysis (PCA) revealed 

that MDR E. coli and S. aureus isolates from rodents and chicken had more resistance and 

virulence genes compared to those isolated from soil and humans.  Regarding virulence 

factors,  PCA also showed that MDR E. coli isolates harboured traT, east, eae, stx-1, bfp 

and ompA genes capable of causing wide ranging infections (Firoozeh et al., 2014; Said et 

al., 2015; Algammal et al., 2020; Pan et al., 2021; Bessaiah et al., 2022; Salamandane et 

al.,  2022).  For   S.  aureus,  ARGs were found in chicken (100%), human (70.6%) and 

rodents (61.5%); while VGs were found more commonly in soil (84.6%), chicken (42.9%) 

and human (41.2%). PCA results showed resistance genes (tetK and mecA) and virulence 

determinants (clfB, coa and luk-PV) were common in all sample sources, while tst, hlg and 

fnbB were only specific to human, chicken and rodent isolates, respectively.  

In  this  study  both  positive  and  negative  correlations  between  resistance  and  virulence 

genes of S. aureus were noted. Positive correlations were found between blaTEM and traT 

genes (r=0.51) and qnrB and bfp genes (r=0.63), while negative correlations were revealed 

between  blaOXA-48 and  ompA (r=-0.05),  blaSHV and  traT (r=-0.44) and  tetA and  east 
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(r=-0.10).  For S. aureus, positive correlations were found between resistance (ermC) and 

clfA (r=0.57), hlg (r=1.00) and clfB (r=0.43), tetK and clfB (r=0.39); tetK and coa (r=0.36). 

It has been shown that  acquisition of resistance to certain antibiotics may be associated 

with an increase or decrease in the virulence levels depending on location and mechanism 

of transfer of specific genes (Boerlin et al., 2005; Diarrassouba et al., 2007). In summary 

this  study  has  provided  useful  insight  regarding  isolation  frequencies,  phenotypic  and 

genotypic antimicrobial resistance and virulence profiles of MDR  S. aureus and  E. coli 

isolated from human, chicken, soil and rodents in Karatu district.

 

Limitation of the study

However, the study has some limitations that need to be pointed out including; i) it focused 

on few AMR and virulence genes of E. coli and S. aureus, which may underestimate their 

actual magnitude and co-occurrence ii) the use of conventional PCR, instead of advanced 

genomic techniques such as whole genome sequencing limited the understanding of AMR 

transmission between human, chicken, soil and rodents in the area and iii) human, animal 

and environmental  contributors to AMR were not investigated.  Lastly,  the intermediate 

isolates  were  not  independently  investigated  which  may  undermine  their  potential  in 

carriage and transmission of resistomes among the microbes.

In summary the findings of these study reveal the following key issues: 

i. E.  coli and  S.  aureus exhibit  a  very  high resistance  level  of  resistance  against 

commonly  used antibiotics  including tetracycline,  cefotaxime,  erythromycin  and 

clindamycin. 

ii. AMR genes  found in  E. coli were  blaTEM,  blaCTX-M,  tetA,  tetB,  qnrA,  qnrB, 

blaOXA-48 and blaKPC, while for S. aurues were tetK, tetL, ermC and mecA
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iii. Virulence genes found in E. coli were ompA,  traT,  east,  bfp,  eae and stx-1, while 

for  S.  aurues were  clfB,  coa,  clfA, hlg,  ebpS,  fnbB,  luk-PV and  tst.  AMR and 

virulence genes were found in isolates from rodents, chicken, soil and humans.

iv. There were correlations between AMR and virulence genes in both E. coli and S. 

aureus.

v. Infections caused by E. coli and S. aureus will be difficult to treat by the currently 

used antibiotics.
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CHAPTER SEVEN

7.0   CONCLUSION AND RECOMMENDATIONS

7.1   Conclusion

The occurrence of MDR  S. aureus  isolates in all  types of sample sources suggests the 

possibility  of  cross-transmission  of  infections  among  different  hosts  in  household 

environment through their interactions, leading to widespread of antimicrobial resistance 

threat. Due to their multiple drug resistance property, these microbes can cause infections 

that are difficult to treat following a few types of antibiotics to which the organisms are 

susceptible in the studied area. 

The level of antimicrobial  resistance, including MDR  E. coli in isolates from humans, 

chicken, rodents and soil indicates the possibility of wide spread transmission of resistant 

bacteria and their genes, with the possibility of causing infections that are difficult to treat. 

The antibiotics used in this study have limited success in treating for treating both human 

and animal infections, implying that they are no longer effective in their intended use. 

The MDR  E. coli isolates from humans, chicken, rodents and household soils harbour 

different antibiotic resistance (blaTEM, blaCTX-M, blaSHV, tetA, tetB, qnrA and  qnrB) 

and virulence (bfp, east, traT, ompA and stx-1) genes. The PCA results show that,  traT, 

stx-1, bfp, ompA, east and eae genes had higher influence on virulence of MDR E. coli 

isolates. Resistance (blaTEM, blaCTX-M, blaSHV, tetA, tetB, qnrA) and virulence (traT) 

genes were detected in isolates from all sample sources, while stx-1 and eae genes were 

specific to chicken and rodent isolates only, respectively.  Interestingly, rodents had the 

highest percentage of both resistance and virulence genes,  indicating their  potential  in 

carriage and transmission of infections to other hosts in the environment. This situation 
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urgently  calls  for  One  Health  based  interventions  including  improving  hygiene  and 

control of rodents in households.

From this study, S. aureus isolates isolated from humans, poultry, rodents and household 

soil  contain various resistance genes, mainly  tetK,  tetL  and  mecA and virulence genes 

mostly for; clumping factor B (clfB), coagulase protein (coa), leukocydal toxins (LUK-

PV) and clumping factor A protein (clfA). The PCA results revealed that clfB, coa, hlg and 

clfA genes had higher influence to virulence of MDR S. aureus isolates. Resistance genes 

(tetK and mecA) and virulence determinants (clfB, coa and luk-PV) were common in all 

sample sources, while tst, hlg and fnbB were only specific to human, chicken and rodent 

isolates, respectively.  AMR and VR genes were found in rodents and soil environment 

implying that both are potential  reservoirs.  The large battery of AMR and VR genes 

among  MDR  S.  aureus strains  circulating  in  the  area,  indicate  their  ability  to  cause 

infections that are difficult to treat endangering public and animal health. 

7.2   Recommendations

From the study findings,  it  is evident  that comprehensive One Health interventions are 

needed to minimize the risks of spreading resistant bacterial  infections among humans, 

chicken  and  soil  environment  in  households.  This  will  require  improving  our 

understanding of  the  human-livestock-environment  with  well-designed genomic  studies 

involving WGS and metagenomics, to provide a comprehensive picture on the pattern and 

magnitude of AMR and virulence genes spread. This will ensure that the key drivers of 

resistance  and  virulence  transmission  between  human-livestock-environment  are 

accurately identified and the most appropriate interventions can be adopted. It is important 

to understand the importance of each component of the human-livestock-environment. A 

OH approach should be  deployed to  ensure  involvement  of  relevant  multisectoral  and 
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multidisciplinary  to attain  an  optimal  public  and  veterinary  health  and  ensure  safe 

environment. 

In the meantime, the following can be done:

i. Strengthen  infection  control  and  prevention  as  well  as  biosecurity  measures  to 

reduce  incidence  of  human and animal  infections,  and hence  reducing  need of 

antibiotics, through public awareness campaings using OH approach. This should 

involve CSOs, NGOs, community leaders and sector ministries.

ii. Perform futher studies to determine behavioural and psychosocial determinants of 

AMR spread in the interface of humans, livestock and environment. 

iii. Mapping of AMR sources and transmission pathways in food animal production.

iv. Enforcing rodent control measures including, biological (use of cats or cat urine to 

scare  rodents),  physical  by  traping  them  and  chemically  by  using  toxins  or  a 

combination of them to ensure that rodents have limited contact with humans.  

v. Increase  access  to  medical  and  veterinary  services  to  ensure  judicious  use  of 

appropriate antimicrobials. 

vi. Establish environmental AMR surveillance using simple technologies that can be 

employed in the field.

vii. Review of the existing laws, policies, guidelines and regulations governing AMU, 

AMR and AR such as The Veterinary Act, Tanzania Food, Drugs and Cosmetics 

Act and the Tanzania Medicines and Medical Devices Act and ensure compliance.
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APPENDICES

Appendix 1: Informed Consent Statement (English Version)
SOKOINE UNIVERSITY OF AGRICULTURE (SUA)

College of Forestry, Wildlife and Tourism                 
P.O Box 3073, Chuo Kikuu, Morogoro, Tanzania

Tel: +255 23 2601376
url: www.sua.net

Occurrence of multidrug-resistant Escherichia coli and Staphylococcus aureus among 
humans, rodents, chickens and household soils in Karatu, Northern Tanzania
 The following statements will be read to head of household to be visited. 
My name is ……………………………, from the Sokoine University of Agriculture. We 
are carrying out a study to determine  the antimicrobial resistance profiles of  Escherichia 
coli and  Staphylococcus aureus isolated from rodents, chickens and humans sharing the 
same environment in Karatu District of northern Tanzania. 
Your house is one of those selected for this survey. If you accept, information and samples 
collected from your house and several others will be analysed to get the general picture of 
this problem. Our survey involves collecting human nasal swabs, stool samples, chicken 
faecal materials and capturing rodents inside and outside your house and sending them to 
laboratory for further analysis. Sampling of humans (stool and nasal secretions), chickens 
(cloacal  swabs),  rodents  (intestines  and  pharyngeal  swabs)  and  soils  will  be  done  in 
households. 
Information that will be collected and their findings will be treated with confidentiality. 
Names of  the  participants  will  not  be  mentioned  anywhere.  Results  of  this  study will 
provide  key  information  necessary  to  address  and  control  the  problem  of  antibiotic 
resistance which is a great public health challenge in our country.
Do you accept our request?
YES    
NO 
Participant Signature ______________                  Participant thumbprint

NB: If you have any questions regarding this research, you may ask the research staff or 
contact Mr. Valery Sonola, Sokoine University of Agriculture, P.O. Box 3073, Chuo Kikuu, 
Morogoro, Tanzania; Telephone: +255 763 665 322; E-mail: vssonola@gmail.com

mailto:vssonola@gmail.com
http://www.sua.net/
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Appendix 2: Ethical clearance certificate for conducting medical research in 

Tanzania



1.  Chicken cloaca 
swab

 2. Rodent samples

5. AST results for S. 
aureus 

6. AST results for E. coli

3. S. aureus colonies 
   (Mannitol salt agar plate)
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Appendix 3:   Some photographs for sample collection in Karatu and laboratory  

works in Arusha

Appendix 4: Gel electrophoresis of the representative amplification products of MDR 

E. coli isolates

4. E. coli colonies
 (MacConkey agar plate)
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Appendix 5:  Map showing the study area (Karatu district) in Arusha and the wards 

where samples were collected
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