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Introduction  12 
In nature, antibiotics are used in the protection of human and animal health or as food additives in 13 
enhancing animal growth rate. However, most of these antibiotics are excreted from the animals to 14 
the environment. This exposes the aquatic environment to impacts of the antibiotic remnants including 15 
antibiotic resistance ([1]; [2]). This is largely due to the failure of regulatory agencies in controlling 16 
drug use, as such these drugs are obtained over-the-counter without the supervision of prescription 17 
by a licensed veterinary doctor ([3]; [4]). The risk involved is the possibility of transmission of the 18 
resultant resistant bacteria from the environment to humans either through indirect or direct contact 19 
[5]. According to previous studies, domestic animals and environments are huge reservoirs of 20 
antibiotic resistant bacteria and resistant genes which can be transferred to humans directly from 21 
animals to humans, indirectly through food or due to the deposition of animal wastes on land ([6]; [7]; 22 
[8]; [9]). Often times, antibiotics are administered to animals in order to treat infections, enhance their 23 
performance or enhance growth [10].  24 
Antibiotics resistance however, refers to the mechanism by which microorganisms become resistant 25 
to an antibiotic which include deterioration of the antimicrobial substance, modification of the 26 
enzymatic structure of the antibiotic, over-secretion of the target enzyme, obtaining alternate 27 
pathways to those drugs that can inhibit or cause changes in the bacterial cell permeability restricting 28 
the access of the antimicrobial agent to the target site, active removal of the antibiotic from the 29 
bacterial cell and remodeling of the target for the antibiotic [11]. Genes associated with microbial 30 
antibiotic resistance has been found in different environments at quantities higher than those present 31 
before antibiotics were mass-produced [12]. These antibiotic resistance genes (ARGs) are unique 32 
contaminants in that, they are of biological origin and can be transferred through genetic processes 33 
into different types of organism regardless of distance. Also, their source(s) could be agriculture, 34 
wastewater treatment plants or animal farms [13]. Although antibiotic resistance only became popular 35 
when clinical resistance  surfaced, spontaneous mutation alone cannot be implicated in the 36 
prevalence and spread of microbial resistance to modern antibiotics ([14; 15]).  37 

 
Antimicrobial drug resistance has become prominent as a universal health threat. This has been 
studied not only in humans but food animals as well. Many genes located on the chromosomal DNA 
of bacteria have been linked with drug resistance. It is therefore crucial that its occurrence in 
abattoirs where these animals are slaughtered be studied. This study was thus aimed at identifying 
some resistance genes in microbes isolated from abattoir ecologies. One hundred and eighty (180) 
samples consisting of service water, waste blood, wastewater, soil and faecal matter collected from 
Iwofe, Rumuodumaya and Trans-Amadi abattoirs within a period of one year were used in this study. 
Processing of the samples was done using standard microbiological protocols and the antibiotics 
sensitivity profile of the isolated bacteria determined using popularly consumed antibiotics. The 
presence of Extended Spectrum β-lactamase genes was checked for in the multidrug resistant 
isolates after they had been identified using genomic techniques. Two strains of Escherichia coli had 
the CTX-M gene, Pseudomonas sp. strain 6174 had the SHV and TEM genes, Bacillus 
amyloliquefaciens had the SHV gene, Bacillus flexus had the TEM genes, Staphylococcus aureus 
had SHV and TEM genes, Proteus mirabilis had the CTX-M and TEM genes while Klebsiella sp. 
strain EIKU11 possessed all three resistance genes. This brings to light that some microbes in 
abattoir environments possess the ESBL genes which enables these microorganisms exhibit 
multidrug resistance, thereby making treatment resulting from them difficult. Adequate sanitary 
measures should thus be carried to reduce the spread of these organisms to humans. 
 



 

 

The emergence and selection of resistance in bacteria from animals subjected to antibiotic regimens 38 

suggests that after the introduction of veterinary antibiotics, the resistance in pathogenic and faecal 39 

bacteria has increased [10]. More often, these animals fall ill, they are treated with antibiotics and in 40 

some cases, they pick up the antibiotics during open grazing which exposes them to antibiotic 41 

resistant microorganisms [16]. Antibiotic resistance among microorganisms isolated from cows has 42 

been studied especially to tetracycline, neomycin, virginiamycin and tylosin [17]. The use of 43 

antimicrobials in agricultural animals causes metabolic disturbance, affecting various biochemical 44 

processes and pathways including nitrogen excretion and protein synthesis. This disturbance in the 45 

intestinal tract can both negatively affect the animal and result in the selection or emergence of 46 

Antibiotic Resistant Organisms (AROs) in the affected species. In this case, the impact on the 47 

microbiome is the result of veterinary antibiotic use [18]. Research has shown that an estimated 50-48 

90% of administered drugs to farm animals are excreted un-metabolized or as metabolic 49 

intermediates into the environment, which although are inactive and may be transformed to active 50 

forms in the environment increasing the risk of drug resistance [19]. 51 

According to Lin et al [20] multiple mechanisms for antibiotic resistance exists which can be coded for 52 
by either single or multiple genes. These mechanisms start first with random mutation in an organism 53 
which later spreads to other organisms through the process of gene transfer [13]. Horizontal gene 54 
transfer (HGT) occurs through transduction, transformation and conjugation [21]. Conjugation takes 55 
place when DNA transferred to a cell through direct cell contact or through a multi-protein conjugative 56 
complex [22]. Transformation occurs by the take up of exogenous DNA by an organism while bacterial 57 
transduction takes place when a bacteriophage injects a DNA into a bacterial cell ([23]; [24]). Either of 58 
these mechanisms aids gene transfer from the environmental gene pool consisting of genetic 59 
information that can be reached by more than one species of bacteria [25].  60 
Resistance to extended Spectrum β-lactam drugs such as ceftriaxone, cefotaxime and Ceftazidime 61 
which are 3

rd
 generation Cephalosporins by Enterobacteria especially, has been reported as a result 62 

of the promiscuous use of these antibiotics [26]. However, in recent time, resistance to these drugs 63 
has been reported owing to the secretion of extended spectrum beta-lactamases in Enterobacteria 64 
([27]; [26]). The secretion of Extended-Spectrum Beta-Lactamases (ESBLs) as an antibiotic 65 
resistance mechanism to third generation Cephalosporins, is frequent among bacteria of the 66 
Enterobacteriaceae family such as Escherichia coli and Klebsiella pneumoniae [28]. Microorganisms 67 
which are ESBL resistant are often resistant to antibiotics of phenicols, aminoglycosides, potentiated 68 
sulfonamides and fluoroquinolone class ([29]; [26]). Subsequently, ESBL resistant bacteria have also 69 
been termed multi-drug resistant microbes. Infections caused by these ESBL-resistant bacteria thus 70 
have limited therapeutic options as the bacteria exhibit multidrug resistance [30].  71 
In the past, bacteria producing ESBL was only found in humans; however recently, they have been 72 
observed in livestock which has led to monitoring researches carried out on animals [31]. These 73 
observations have led to the assumption that livestock especially food-producing animals may be 74 
reservoirs of infection sources of ESBL-producing bacteria [29]. ESBL-resistant bacteria residing as 75 
commensals in the intestinal tract of food-producing animals may be deposited in the environment 76 
leading to the spread of β-lactam resistance encoding genes. This study was thus aimed at 77 
determining the presence of some resistant genes in microorganisms isolated from abattoir wastes. 78 

Materials and Methods 79 

Description of Study area 80 
Samples for this study were collected from abattoirs within Port Harcourt which is one of Nigeria’s 81 
busiest and most populous cities. The abattoirs are located at Rumuodumaya, Iwofe and Trans-82 
Amadi. The Trans-Amadi abattoir is Port Harcourt’s largest abattoir. Its effluents are drained into the 83 
Okpoka Creek. The Creek passes through Woji, Oginigba and Azubiae communities where activities 84 
such as dredging, bathing, fishing, disposal of excreta, swimming and navigation are carried out; 85 
these abattoir effluents thus affect the activities carried out along this Creek. It is located at latitude 86 
007 2.303E and longitude 04 48.442 N. Rumuodumaya abattoir is located at longitude 04 ‘52’ 48.0 N 87 
and latitude 7’58’20.0 E. The Iwofe abattoir has only existed for less than three years and is located at 88 
latitude 4 59’14.0N and longitude 7 16’ 12.0 E. Inhabitants of these areas are mainly traders, artisans, 89 
civil servants, fishermen and farmers. Table 1 shows the GPS coordinates of the sampling points 90 
while figure 1 is a map showing the sampling locations. The samples were collected within one year 91 
covering both dry and wet seasons. 92 



 

 

Table 1: Sampling points, GPS Coordinates and Types of Samples 93 

Sampling stations Sampling points Sampling coordinates Samples 
Northing Easting 

Iwofe abattoir 1 004° 48.598´ 006° 58.517´ Blood 
 2 004° 48.592´ 006° 58.501´ Soil 
 3  004° 48.601´ 006° 58. 525´ Water 
 4 004° 48.594´ 006° 58.518´ Faecal matter 
 5 004° 48.598´ 006° 58.517´ Waste water 
Rumuodumaya 
abattoir 

1 004° 52.118´ 006° 59.580´ Blood 
2 004° 52.102´ 006° 59.571´ Soil 
3  004° 52.124´ 006° 59. 602´ Water 
4 004° 52.120´ 006° 59.582´ Faecal matter 

 5 004° 52.118´ 006° 59.580´ Waste water 
Trans-Amadi 
abattoir 

1 004° 48.442´ 007° 02.303´ Blood 
2 004° 48.434´ 007° 02.293´ Soil 
3  004° 48.456´ 007° 02.319´ Water 

 4 004° 48.444´ 007° 02.301´ Faecal matter 
 5 004° 48.442´ 007° 02.303´ Waste water 

 94 

 95 
        Figure 1: Map of Port Harcourt Metropolis showing the sampling points 96 
 97 

Sample collection 98 

Water samples used in servicing the abattoir was collected using sterile containers. The taps were 99 
allowed to run for 30 seconds from the water source before the samples were collected. The cow 100 
faecal matter was scooped from the intestine of the animal using sterile spatula  and put in sterile 101 
sample bottles while  waste blood samples from the cow was collected with sterile syringes as it 102 
gushed out through the vein during slaughtering. Blood for physicochemical analyses were collected 103 
using sterile 1 litre sample bottles. Wastewater samples were collected after the cow carcasses were 104 
washed using one litre sterile sample containers while composite soil samples (500 g) were collected 105 
in sterile sample bottles with the aid of a hand soil auger at 0-15cm depth. 106 

 107 

Microbiological analyses 108 

The samples were analyzed using standard microbiological procedures [32]. One milliliter of the water 109 
sample was added to 9 ml of saline solution and then a 10-fold serial dilution was done. The process 110 
was repeated for the blood samples. For the faecal samples, 1g was added to pre-sterilized and 111 
cooled 5 ml bacteriological peptone before serial dilution was carried out. Water samples were diluted 112 



 

 

to 10
-3

, blood to 10
-3

, wastewater, soil and faecal to 10
-6

. These dilutions were determined after a 113 
pretest was carried out to determine the dilution at which the counts will be less than 300. Aliquots 114 
(0.1 ml) of various dilutions were transferred to prepared, cooled and surface-dried Nutrient agar 115 
plates. 116 
 117 
 118 

Antibiogram of Bacterial isolates 119 

The antibiotic sensitivity profile of the isolates was determined using the disc diffusion method. 120 
Multiple antibiotics sensitivity discs containing eight different antibiotics including Gentamicin, 121 
Augmentin, Cefuroxime, Ofloxacin, Ceftazidime, Ceftriaxone, Cloxacillin and Erythromycin on each 122 
ring were used. Mueller-Hinton agar was used as the culture medium for the tests [32]. The zones of 123 
inhibition were measured using a graduated metre rule, recorded in millimetres and the values 124 
compared with the CLSI standards to determine the level of resistance or susceptibility of the isolates 125 
to the antibiotics [33] 126 
 127 

Genomic Identification 128 

Molecular identification of the isolates that exhibited multiple antibiotics resistance was done using the 129 
Polymerase chain Reaction (PCR) to determine the 16S rRNA sequence. This was done by first 130 
extracting the DNA, carrying out the PCR and sequencing of the amplified DNA (amplicon). 131 
 132 
Extraction (Boiling Method) and Quantification of DNA 133 
An 18-hour old culture of the bacterial isolate was transferred to Luria Bertani (LB) and incubated 134 
overnight. From this overnight broth, 5 ml was transferred to an Eppendorf tube and spun for 3 135 
minutes at 14000 rpm. The sediment which was made up of the cells were resuspended in 1 ml of 136 
normal saline and heated for 20 mins at 95 °C. This heated suspension was further cooled on ice and 137 
spun in a centrifuge at 14 rpm for 3 minutes. The supernatant which contained the DNA was 138 
transferred to a 1.5 ml microcentrifuge tube and kept at 20 °C pending further reactions [34]. Using a 139 
Nanodrop 1000 spectrophotometer, the extracted genomic DNA was quantified.  140 
 141 
Amplification of 16S rRNA 142 
Using the 27F (5'-AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5'-CGGTTACCTTGTTACGACTT-3') 143 
primers on an ABI 9700 Applied Biosystems Thermal cycler, the 16S rRNA region of the rRNA of the 144 
bacterial isolates were amplified. A final volume of 50 µl was used for 35 cycles in the reaction 145 
process. The PCR mix was made up of 0.4 M of pimers, X2 Dream taq Master mix (Inqaba, South 146 
Africa) and the template which was the extracted DNA. The Master mix was made up of Magnesium 147 
Chloride (MgCl), taq polymerase and DNTPs (Deoxyribonucleotides). The conditions for the reaction 148 
were Initial denaturation at 95 °C for 5 minutes, denaturation at 95 °C for 30 seconds, annealing at 52 149 
°C for 30 seconds, extension at 72 °C for 30 seconds and final extension at 72 °C for 5 minutes. 150 
Resolution of the product was done on a 1% agarose gel for 15 minutes and viewed on a UV 151 
transilluminator. Sequencing of the amplified DNA was using the BigDye Terminator kit on a 3510 ABI 152 
sequencer (Inqaba Biotechnogical, Pretoria, South Africa). 153 
 154 

Detection of Resistance Genes 155 

Using the SHV F: 5' CGCCTGTGTATTATCTCCCT-3' and SHV R: 5'-CGAGTAGTCCACCAGATCCT-3' 156 
primers, SHV genes from the isolates were amplified on a ABI 9700 Applied Biosystems thermal 157 
cycler at a final volume of 30 µl for 35 cycles. The resultant product was resolved on a 1 % agarose 158 
gel at 120V for 25 minutes and visualized on a UV transilluminator for a 281 bp product size. The 159 
same procedure was carried out but CTX-MF: 5'-CGCTTTGCGATGTGCAG-3' and CTX-MR: 5'-160 
ACCGCGATATCGTTGGT-3' primers were used for CTX-M gene and TEMF:  5’-161 
ATGAGTATTCAACATTTCCGTG-3’ and TEMR: 5’-TTACCAATGCTTAATCAGTGAG-3’ primers for 162 
TEM gene. Sizes of resolved products were 281 bp, 560 bp and 960 bp for SHV, CTX-M and TEM, 163 
respectively.       164 
     165 

Results  166 

The results of the  multiple drug sensitivity test for the Gram negative isolates are presented in Figure 167 
2, showing that the isolates exibited 100% resistance to Cefuroxime and a corresponding 100% 168 
susceptibilty to Ofloxacin. The Gram positive isolates exihibited 100% susceptibility to Ofloxacin and 169 
100% resistance to Ceftazidime, Cefuroxime and Augmentin (Figure 3). Table 2 shows the microbes 170 
that exihibited multidrug resistance and the drugs were resistant to. Bacillus amyloliquefaciens, 171 
Bacillus flexus and Proteus mirabilis were resistant to Ceftazidime, Cefuroxime and Augmentin. Plates 172 



 

 

1, 2 and 3 shows the agarose gel electroporesis  for the amplified CTX-M, SHV and TEM genes 173 
respectively. The occurrence of resistance genes among the isolates is presented in table 3. 174 
Escherichia coli strain 2017C-4109 had the CTX-M gene, Pseudomonas sp. strain 6174 had the SHV 175 
and TEM genes, Bacillus amyloliquefaciens had the SHV gene, B. flexus had the TEM genes, 176 
Staphylococcus aureus had SHV and TEM genes, Proteus mirabilis had the CTX-M and TEM genes 177 
while Klebsiella sp strain EIKU11 possessed all three resistance genes. 178 
 179 

 180 
Figure 2: Multiple drug sensitivity test for the Gram negative isolates 181 
Key: S - sensitive, I - Intermediate, R- Resistant, GEN- Gentamicin (10µg), OFL- Ofloxacin (5 µg), 182 
AUG- Augmentin (30 µg), CAZ- Ceftazidime (30 µg), CRX-Cefuroxime (30 µg), NIT- Nitrofurantoin 183 
(300 µg), CXM- Cefixime (5 µg) and CPR-Ciprofloxacin (5 µg) 184 
                 185 

 186 
Figure 3: Multiple drug sensitivity test for the Gram positive isolates 187 
Key: S - Sensitive, I - Intermediate, R- Resistant, GEN- Gentamicin (10µg), OFL- Ofloxacin (5 µg), 188 
AUG- Augmentin (30 µg), CAZ- Ceftazidime (30 µg), CRX-Cefuroxime (30 µg), NIT- Nitrofurantoin 189 
(300 µg), CXM- Cefixime (5 µg) and CPR-Ciprofloxacin (5 µg) 190 

 191 
Table 2: Resistance pattern of bacterial isolates 192 

Bacteria Antibiotics 

Escherichia coli strain 2017C-4109   CAZ 

Klebsiella pneumoniae strain K20  CAZ 

 Bacillus amyloliquefaciens strain WU-12 CAZ, CRX, AUG 

Pseudomonas sp. strain 6174 CAZ 

Escherichia coli strain SAMA_EC CAZ 



 

 

Bacillus flexus isolate Murraya CAZ, CRX, AUG 

 Klebsiella sp. strain EIKU11 CAZ 

Proteus mirabilis strain 46X4 CAZ 

Staphylococcus aureus strain NCIM2654 CAZ, CRX, AUG 

Key: CAZ- Ceftazidime (30 µg), CRX-Cefuroxime (30 µg), AUG- Augmentin (30 µg) 193 

 194 
Plate 1: Agarose gel electrophoresis of CTX-M (560bp) gene of the bacterial isolates. Lanes 1, 9 and 195 
10 sowed CTX-M (560 bp). Lane L represents a 100bp molecular ladder. 196 

 197 
Plate 2: Agarose gel electrophoresis of SHV gene of the bacterial isolates. Lanes 1,3,8 and 9 showed 198 
SHV (281) bands. Lane L represents a 100bp molecular ladder. 199 



 

 

 200 
Plate 3: Agarose gel electrophoresis of TEM (960bp) gene of the bacterial isolates.  Lanes 2,5-11 201 
represent TEM gene bands Lane L represents a 100bp molecular ladder. 202 
 203 
Table 3: Occurrence of Resistance genes among the bacterial isolates 204 

Isolate  CTX-M SHV TEM 

Escherichia coli strain 2017C-4109 + + - 
Pseudomonas sp. strain 6174 - + + 
Bacillus amyloliquefaciens strain WU-12 - + - 
Klebsiella pneumoniae strain K20 - - - 
Klebsiella pneumoniae strain K20 - -  
Bacillus flexus isolate Murraya - - + 
Escherichia coli strain SAMA_EC - - + 
Staphylococcus aureus strain NCIM2654 - + + 
Klebsiella sp. strain EIKU11 + + + 
Proteus mirabilis strain 46X4 + - + 

 205 

Discussion 206 
Microorganisms isolated in this study were of the genus Staphylococcus, Pseudomonas, Klebsiella, 207 
Proteus and Bacillus. Similar organisms had been isolated from abattoir environments by some 208 
authors ([35]; [36]; [37]; [38]). These microorganisms have been implicated as pathogens of various 209 
infections including diarrhoea, bacteremia, dysentery, urinary tract infections in humans which makes 210 
them of public health importance [39]). This is especially important as several persons visit these 211 
abattoirs daily to purchase meat and its products and are thus predisposed to the health risks 212 
associated with these organisms to humans.  Multiple antibiotics sensitivity testing of the bacterial 213 
isolates showed they exhibited a high level of susceptibility to Ofloxacin (a quinolone) and a 214 
corresponding resistance to β-lactam drugs including Ceftaxidime, Cefuroxime and Augmentin. Drugs 215 
with lower Minimum Inhibitory Concentrations (MICs) such as Ofloxacin and Cloxacillin exhibited 216 
lower inhibitory activity against the isolates compared with those with higher MICs such as Augmentin 217 
which may be attributed to the frequent use of these antimicrobial drugs for treatment of infections. 218 
Also, this trend has been reported by Adesoji et al. [40] and Harrison and Bratcher [41], who studied 219 
the susceptibility of some microorganisms from abattoir sources to some drugs including Augmentin 220 
and cefuroxime. This poses a threat as treatment against infections caused by these organisms 221 
becomes difficult or may take a longer time to respond against the causative agent [38]. Microbial 222 
drug resistance has been reported to be linked with mechanisms such as inappropriate use of the 223 
drugs, widespread use of antibiotics in the production of animal feeds, its use in treatment of 224 
infections and for prophylaxis, excretion of metabolized or non-metabolized administered drugs by 225 
animals into the environment which undergo transformation into their active forms ([42]; [19]; [43], 226 
[44]). 227 
The resistance genes checked for in this study were CTX-M, SHV and TEM which are genes coding 228 
for the production of extended spectrum β-lactamases- enzymes able to deactivate extended 229 
spectrum β-lactam drugs, which are 3

rd
 and 4

th
 generation cephalosporins [26]. The presence of these 230 

genes in enteric bacteria such as E. coli and Klebsiella sp in food-producing livestocks such as cows, 231 
poses a public health risk as these organisms are discharged into the environment.  Spread of 232 
resistance genes through horizontal gene transfer to human pathogens may occur, thereby 233 



 

 

complicating antibacterial therapy when infection occurs [27]. Production of ESBL has been noted as 234 
the commonest mechanism of resistance to 3

rd
 and 4

th
 generation cephalosporins among enteric 235 

bacteria [28]. Studies on animal faecal samples in Ado-Ekiti, Nigeria, revealed that CTX-M, SHV and 236 
TEM were detected in the isolated chromosomal DNA of E. coli [45].  Detection of TEM gene was also 237 
reported by Igbinosa and Obuekwe [46] in abattoir samples. TEM and CTX-M have been isolated 238 
from abattoir samples as observed in this study [47]. These animals may thus, become reservoirs of 239 
ESBLs thereby contributing to the increased rate of antibiotic resistance. 240 
 241 

Conclusion  242 

This study recorded the presence of CTX-M, SHV and TEM genes that code for antibiotic resistance 243 
in microorganisms isolated from abattoir environments. These microorganisms exhibited multi-drug 244 
resistance to popularly consumed antibiotics including Augmentin and Ceftazidime and Cefuroxime. 245 
Spread of microorganisms carrying these genes can be reduced by carrying out adequate sanitary 246 
conditions in abattoir environments. From the results obtained in this study, antibiotics resistant 247 
bacteria are widespread as nearly all the isolated microorganisms were resistant to most of the 248 
antibiotics for which they were tested for. This may be due to either the intrinsic resistance of many 249 
microorganisms to antibiotics or acquired resistance of the organisms enabled by the transfer of 250 
resistance of drug resistance plasmids among members of the isolates. Since antibiotics in animal 251 
feed promote animal growth, improved efficiency of feed conversion to body weight, and may also 252 
affect disease prophylaxis among the confined microbes in such animals and their subsequent impact 253 
on human health, it has increased its indiscriminate use [48]. 254 
 255 

References  256 

1. Wright MS, Baker-Austin C, Lindell AH, Stepanauskas R, Stikes HW, McArthur JV (2008) 257 
Influence of industrial contamination on mobile genetic elements: class 1 integron abundance 258 
and gene cassette structure in aquatic bacterial communities. ISME J 2:417–428 259 

2. Kemper, N. (2008). Veterinary antibiotics in the aquatic and terrestrial environment. Ecol 260 
Indic, 8:1–13 261 

3. Health Canada. 2002. Uses of Antimicrobials in Food Animals in Canada: Impact on 262 
Resistance and Human Health. [online] Available from http://www.hcsc.gc.ca/dhp-263 
mps/alt_formats/hpfb-dgpsa/pdf/pubs/amr-ram_final_reportrapport_06-27-eng.pdf. Accessed 264 
12 July, 2019. 265 

4. Sanders, P. (2005). Antibiotic Use in Animals—Policies and Control Measures around 266 
Europe. In Antibiotic Policies. Springer, US. pp. 649–672. 267 

5. Rodrı´guez, C, Lang, L, Wang, A, Altendorf, K, Garcı´a, F and Lipski, A (2006). Lettuce for 268 
Human Consumption Collected in Costa Rica Contains Complex Communities of Culturable 269 
Oxytetracycline- and Gentamicin-Resistant Bacteria. Applied and Environmental 270 
Microbiology, 72( 9), 5870–5876. 271 

6. Gosh S, LaPara, TM (2007) The effects of subtherapeutic antibiotic use in farm animals on 272 
the proliferation and persistence of antibiotic resistance among soil bacteria. ISME J , 1: 191-273 
203 274 

7. Heuer H, Smalla, K (2007) Manure and sulfadiazine synergistically increased bacterial 275 
antibiotic resistance in soil over at least two months. Environ Microbiol 9: 657-666. 276 

8. Marshall BM, Levy SB (2011) Food animals and antimicrobials: Impacts on human health. 277 
Clin Microbiol Rev 24: 718-733. 278 

9. WHO (2011) Tackling antibiotic resistance from a food safety perspective in Europe. 279 
Available: http://www.euro.who.int/__data/assets/pdf_file/0005/136454/e94889.pdf. Accessed 280 
12 July, 2019Alliance for the prudent use of antibiotics (2010). Antibiotics in food animal 281 
production: a forty year debate. APUA Newsletter. 28(2):1-27. 282 

10. Van den Bogaard, A.E., and Stobberingh, E.E. (2000). Epidemiology of resistance to 283 
antibiotics: Links between animals and humans. Int. J. Antimicrob. Agents, 14: 327–335. 284 

11. VanHoek , AAM, Mevius, D. Guerra, B., Mullany, P., Roberts, AP and Henk J.M.Aarts (2011). 285 
Acquired antibiotic resistance genes: an overview. Frontiers in microbiology. 2(203): 1-24 286 

12. Knapp CW, Dolfing J, Elert PA, Graham DW (2010). Evidence of increasing antibiotic 287 
resistance gene abundances in archived soils since 1940. Environmental Science and 288 
Technology. 44(2), 580-587. 289 

13. Sanderson, H., Fricker, C.R., Brown, S., Majury, A. and Liss, S.N. (2016). Antibiotic 290 
resistance genes as an emerging environmental contaminant. Environmental Reviews. 24, 291 
205–218.  292 

http://www.hcsc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/pubs/amr-ram_final_reportrapport_06-27-eng.pdf
http://www.hcsc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/pubs/amr-ram_final_reportrapport_06-27-eng.pdf
http://www.euro.who.int/__data/assets/pdf_file/0005/136454/


 

 

14. Keen, P.L., and Patrick, D.M. 2013. Tracking Change: A look at the ecological footprint of 293 
antibiotics and antimicrobial resistance. Antibiotics, 2: 191–205. 294 

15. Marinescu, F., and Lazar, V. 2013. Origins, transfer and accumulation of antibiotic resistance 295 
genes in the aquatic environment. Biointerface Res. Appl. Chem. 3: 588–598. 296 

16. Waters, A.E., Contente-Cuomo, T., Buchhagen, J., Liu, C.M., Watson, L., Pearce, K., Foster, 297 
J.T., Bowers, J., Driebe, E.M., Engelthaler, D.M., Keim, P.S. and Price, L.B. (2011). 298 
Multidrug-resistant Staphylococcus aureus in US meat and poultry. Clinical Infectious 299 
Diseases doi: 10.1093/cid/cir181. 300 

17. McDonough, P.L., Fogelman, D, Shin, SJ, Brunner, MA and Lein DH (1999). Salmonella 301 
enterica serotype Dublin infection: an emerging infectious disease for the northeastern United 302 
States. J. Clin. Microbiol. 37:2418-2427. 303 

18. Ambrozic-Avgustin, J. (2012). Animal production systems as a selective environment for 304 
antibiotic resistance genes. Acta Agriculturae Slovenia. 100, 7–17.  305 

19. Alliance for the prudent use of antibiotics (2010). Antibiotics in food animal production: a forty 306 
year debate. APUA Newsletter. 28(2):1-27. 307 

20. Lin J, Nishino K, Roberts KC, Tolmasky M, Aminov RI and Zhang L (2015). Mechanisms of 308 
antibiotic resistance. Frontiers in Microbioloy. 6(34): 1-3 309 

21. Snyder, L. and Champness, W. (2007). Molecular genetics of bacteria third edition. 310 
Washington, D.C.: ASM Press. Bellanger, X., Guilloteau, H., Bonot, S., and Merlin, C. 2014. 311 
Demonstrating plasmid-based horizontal gene transfer in complex environmental matrices: a 312 
practical approach for a critical review. Sci. Total Environ. 493: 872–882.  313 

22. Bellanger X, Guilloteau H, Bonot S, Merlin C (2014). Demonstratin plasmid-based horizontal 314 
gene transfer in complex environmental matrices:a practical approach for a critical review. Sci 315 
Total Environ, 493, 872-882. 316 

23. Colomer-Lluch, M., Jofre, J., and Muniesa, M. 2011. Antibiotic resistance genes in the 317 
bacteriophage DNA fraction of environmental samples. PLoS ONE, 6: e17549.  318 

24. Fard, R.M.N., Barton, M.D., and Heuzenroeder, M.W. 2011. Bacteriophage-mediated 319 
transduction of antibiotic resistance in enterococci. Lett. Appl. Microbiol. 52: 559–564.  320 

25. Grohmann, E. (2011). Horizontal Gene Transfer between Bacteria under Natural Conditions. 321 
In Microbes and Microbial Technology: Agricultural and Environmental Applications. Springer. 322 
8,163–187. 323 

26. Geser, N., Stephan, R., Kuhnert, P., Zbinden, R., Kaeppeli, U., Cernela, N. and Haechler, H. 324 
(2011). Fecal carriage of extended-spectrum betalactamase- producing enterobacteriaceae in 325 
swine and cattle at slaughter in Switzerland. Journal of Food Protection, 74(3), 446- 446 326 

27. Garcia-Graells, C., Bottleldoorn, N. and Dierick, K. (2014). Microbial surveillance of ESBL E. 327 
coliin poultry meat, a possible vehicle for transfer of antimicrobial resistance to humans. 328 
Retrived 2019 February 27  329 

28. Pitout JD and Laupland BK (2008). Extended-spectrum betalactamase-producing 330 
Enterobacteriaceae: an emerging publichealth concern. The Lancet Infectious Diseases. 8(3), 331 
159–166 332 

29. Carottoli A (2008). Animal reservoirs for extended spectrum beta-lactamase producers. 333 
Clinical Microbiology Infections, 14(1): 117-123. 334 

30. Blaak H, Hamidjaja RA, van Hoek AHAM, de Heer L, Husman AM, Schets FM (2014). 335 
Detection of extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli on flies at 336 
poultry farms. Applied and Environmental Microbiology. 80(1): 239-246. 337 

31. Ogbolu, DO, Alli, OAT, Olanipekun, AB, Ojo, OI and  Makinde, OO (2013). Faecal carriage of 338 
extended-spectrum betalactamase (ESBL)-producing commensal Klebsiella pneumoniae and 339 
Escherichia coli from hospital out-patients in Southern Nigeria.  International Journal of 340 
Medicine and Medical Sciences. 5(3), 97–105. 341 

32. Cheesbrough, M. (2006). District Laboratory Practice in Tropical Countries. Part 2. Cambridge 342 
University Press. 143-157. 343 

33. Clinical and Laboratory Standards Institute (CLSI) (2012). Performance standards for 344 
antimicrobial susceptibility testing; twenty-second informational supplement M100-S22. 345 
32(3),62-78. 346 

34. Ribeiro, J.C., Tamanini, R., Soares, B.F., de Oliveira, A.M. and de Godoi Silva, F. (2016). 347 
Efficiency of boiling and four other methods for genomic DNA extraction of deteriorating 348 
spore-forming bacteria from milk. Semina: Ciências Agrárias, Londrina, 37(5), 3069-3078.   349 

35. Adesemoye AO, Opere BO, Makinde SCO (2006). Microbial content of abattoir wastewater 350 
and its contaminated soil in Lagos, Nigeria. African Journal of Biotechnology 5(20): 1963-351 
1968. 352 



 

 

36. Ogbonna DN (2014). Distribution of microorganism in water, soils and sediment from abattoir 353 
wastes in southern Niogeria. Int J Curr Microbiol App Sci. 3(9): 1183-1200. 354 

37. Ayoade, F. and Olayioye, E.O. (2016). Microbiological Assessment of Housekeeping 355 
Practices and Environmental Impact of Selected abattoirs in Lagos and Ogun States of 356 
Nigeria. Journal of Applied Biosciences. 99, 9363 – 9372 357 

38. Ogbonna, DN and Azuonwu, TC (2019). Plasmid Profile and Antibiotic Resistance Pattern of 358 
Bacteria from Abattoirs in Port Harcourt City, Nigeria. International Journal of Pathogen 359 
Research. 2(2): 1-11. 360 

39. Azuonwu O, Azuonwu TC and Nwizug WL (2017). Evaluation of Bacteriological Quality of 361 
Surface, Well, Borehole and River Water in Khana Local Government Area of Rivers State, 362 
Niger Delta. Annals of Clinical and Laboratory Research, 5(3): 183. 363 

40. Adesoji A.T., Abubakar, F. and Ipinlaye, J.S. (2016). Journal of  Bacteriology and Mycology, 364 
3(1), 1022. 365 

41. Harrison CJ and Bratcher D. (2008). Cephalosporins: A review. Pediatr. Rev. 29(8):264- 267. 366 
42. Kümmerer K. (2003). Significance of antibiotics in the environment. J Antimicrob Chemother. 367 

52: 5-7. 368 
43. Nsofor CA, Iroegbu CU (2013). Antibiotic resistance profile of Escherichia coli isolated from 369 

five major geopolitical zones of Nigeria. J. Bacteriol. Res. 5(3):29-34. 370 
44. Ogbonna DN and Inana ME (2018) Characterization and Multiple Antibiotic Resistance of 371 

Bacterial Isolates Associated with Fish Aquaculture in Ponds and Rivers in Port Harcourt, 372 
Nigeria. Journal of Advances in Microbiology 10(4): 1-14 373 

45. Olowe, O.A., Adewumi, O., Odewale, G., Ojurongbe, O. and Adefioye, O.J. (2015). 374 
Phenotypic and Molecular Characterisation of Extended-Spectrum Beta-Lactamase 375 
Producing Escherichia coli obtained from Animal Fecal Samples in Ado Ekiti, Nigeria. Journal 376 
of Environmental and Public Health. 497980 1-7. 377 

46. Igbinosa, EO and Obuekwe IS (2014). Evaluation of antibiotic resistant gene in abattoir 378 
environment. Journal of Applied Sciences and Environmental Management. 18(2): 5-9. 379 

47. Lerma, L.L., Benomar, N., G-Alvez, A. and Abriouel, H. (2013). Prevalence of bacteria 380 
resistant to antibiotics and/or biocides on meat processing plant surfaces throughout meat 381 
chain production. Int. J. Food Microbiol. 161, 97–106. 382 

48. Smith P, Alday-Sanz V, Matysczak J, Moulin G, Lavilla-Pitogo CR, Prater D (2013). 383 
Monitoring and surveillance of Antimicrobial resistance in microorganisms associated with 384 
aquatic animals. Rev. Sci. Tech. Off. Int. Epiz. 32(2):583-593 385 

 386 
 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 


