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Food serves as an important fomite for transmission of disease-causing and antibiotic resistant 
bacteria to humans. Because this may be an especially challenging problem in low-income countries, 
the level of microbial surface contamination and abundance of antibiotic resistant Escherichia coli on 
beef carcasses were estimated. Out of 125 surface swab samples (plated on MacConkey agar), 70 to 
100% were positive to Gram-negative bacteria and E. coli, respectively. More than 50% of individual 
carcasses had bacterial loads below the maximum threshold recommended by the FAO. For carcasses 
in small- and medium-scale facilities, the average load of bacteria ranged between 0.8 and 1.5 log 
cfu/cm

2
, while carcasses in the large slaughter facility had an average loads of between 1.77 and 1.42 

log cfu/cm
2
. Of the 1,272 E. coli isolates tested, 49.4% were resistant to at least one antibiotic. Isolates 

were frequently resistant to tetracycline (21.7%) and ampicillin (19.2%) while the frequency of resistance 
to the remaining nine antibiotics was <3%. In addition, 5.3% of isolates were multidrug resistant with 18 
different phenotypes. The combination of resistance to ampicillin and tetracycline was the most 
common. Although, poor sanitation practices were observed, results reflect lower bacterial counts and 
limited prevalence of antibiotic resistant E. coli relative to other reports in the literature. 
 
Key words: Escherichia coli, antibiotic resistance, slaughterhouse hygiene, meat contamination, public health. 

 
 
INTRODUCTION 
 
There is a clear correlation between the use of 
unhygienic slaughterhouse practices and the incidence of 
meat-borne disease outbreaks (Sousa, 2008; Ali et al., 
2010) in part, because the nutrient composition and water 

activity of meat is attractive to a broad spectrum of 
microorganisms (De Filippis et al., 2013). High microbial 
surface contamination of beef carcasses constitutes a 
significant   risk   to   meat    handlers    and    consumers  
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Table 1. The acceptable level of bacterial load in red meat (USDA – FAO, 2013). All values 
are log-transformed colony forming units per square centimeter of surface sampled. 
Samples were collected after carcass is dressed. 
 

Organisms Acceptable Critical/Marginal Not acceptable 

Total bacteria <3.5 3.5-5.0 > 5.0 

Total coliforms <1.5 1.5-2.5 > 2.5 

E. coli ≤ 0.8 > 0.8 and ≤ 1.8 > 1.8 

 
 
 
especially during processing and/or eating contaminated 
meat or meat products (Heiman et al., 2015). In an effort 
to combat these challenges, the Food and Agriculture 
Organization (FAO) and the World Health Organization 
(WHO) have established maximum microbiological 
surface contamination guidelines for bacterial load on the 
surface of meat carcasses (Table 1). In many instances, 
carcass surfaces have been contaminated with enteric 
bacteria during evisceration and/or from the 
contaminated tools and surfaces of slaughterhouses. 
Therefore, the microbial quality of carcass surfaces 
should be correlated with the standard operating 
protocols and hygiene practices of abattoirs (Wheatley et 
al., 2010). 

Enteric bacteria (e.g. Gram-negative, particularly 
Escherichia coli) from beef cattle comprise the primary 
microbial contaminants of carcass surfaces (Ali et al., 
2010). These bacteria can be pathogenic or non-
pathogenic and can harbor antibiotic resistance traits that 
could be spread to the microbiota of people and other 
animals (Nys et al., 2004). E. coli is typically part of the 
fecal bacterial community in cattle and can acquire 
antibiotic-resistance traits quickly through horizontal gene 
transfer (Silva et al., 2014). It is also relatively simple to 
identify by using selective media. Thus, E. coli is often 
selected as a representative organism to evaluate 
microbial contamination because its susceptibility 
patterns reflect the diversity of resistance in a bacterial 
population (Medeiros et al., 2011). 

From a broader perspective, antibiotic resistance is 
considered the 3

rd 
major public health challenge of the 

21
st
 century (Spellberg et al., 2008). Food, including beef, 

can play an important role as a fomite for transmission of 
antibiotic resistant bacteria to people (Christopher et al., 
2013). Studies in Tanzania have shown that among the 
9% of children’s death caused annually by pathogenic E. 
coli, at least 1/3

rd
 of the pathogens were resistant to 

antibiotics (Huynh et al., 2015). Despite disease 
outbreaks caused by multidrug resistant (MDR) E. coli in 
children and surgical patients (Manyahi et al., 2014), little 
is known about the prevalence of antibiotic resistant 
enteric bacteria from food animal sources in Tanzania. 

Therefore, we evaluated the microbial quality and 
prevalence of antibiotic resistant E. coli on beef carcass’ 
surfaces. We also studied the impact of the size of the 
slaughter facilities and the carcass handling protocol in 
the prevalence of bacteria and antibiotic resistance on 

the surface of beef carcass in the Arusha region of 
Tanzania.  
 
 

MATERIALS AND METHODS 
 

MacConkey agar, Hi-Chrome agar and Luria-Bertani (LB) broth 
(Becton, Dickson and Company, Sparks, MD, USA) were used for 
bacterial enumeration, isolation and culture. Unless otherwise 
specified, incubation was overnight (16 – 18 h) at 37°C for all 
procedures. Antibiotic susceptibility patterns of all E. coli isolates 
were determined by agar dilution method with the minimum 
inhibitory concentration (MIC) breakpoints informed by Clinical and 
Laboratory Standards Institute guidelines (CLSI, 2014). The stock 
solutions of antimicrobials were prepared by mixing antibiotic 
powder with water or with dimethyl sulfoxide (DMSO, Becton, 
Dickson and Company, Sparks, MD, USA) and stored at 20°C. 
 
 

Sampling strategy 
 

To examine the association between microbial surface 
contamination and sanitation procedures in abattoirs, the 
presence/absence of basic slaughter house facilities including 
slaughtering and carcass cleaning protocols were noted as 
recommended by Small Slaughterhouses and Meat Hygiene for 
Developing Countries (WHO publication VPH 83.56). The carcass 
surface swab samples were collected to determine the load of 
cultivatable Gram-negative bacteria including E. coli. Observations 
and samples were collected from five cattle slaughter facilities 
involving five sampling events between May and July, 2015 in 
Arusha region, Tanzania. The number of animals slaughtered at 
these facilities varied between 2 and >100 per day. Based on the 
number of animals slaughtered per day, these facilities were 
considered small- (2-10, sites A and B), medium- (18-25, sites C 
and D) and large- (>100, site E) scale facilities (Table 2). All 
facilities slaughtered animals between 3 am and 6 am. Carcasses 
were selected for sampling based on their availability. For this 
project, it is surmised that large and modernized slaughter facilities 
would maintain preferable slaughter and sanitary procedures 
resulting is less surface contamination to the meat. 
 
 

Sample collection 
 

Sterile, pre-moistened (with sterile water) 35 cm2 gauze pads were 
used to swab approximately 100 cm2 of surface area on two sides 
of each carcass immediately after slaughtering (small and medium 
scale) and in large-scale facilities immediately before carcasses 
were moved to the chilling facility (all other slaughter procedures 
were complete at this time). The moistened pads were prepared in 
a sterile 50 ml conical tube containing 15 ml of sterile water for 
Gram-negative bacteria (E. coli) as transport medium. After rubbing, 
the gauze pads were placed into the same sterile tube and 
transported (within 2 h of collection) to the laboratory for further 
processing in ice-cold boxes. 
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Table 2. Distribution of Gram-negative and E. coli positive meat samples and the Log10 colony forming units of total Gram-negative 
count and E. coli of the beef carcass’ samples collected from five slaughter houses located in the vicinity of Arusha, Tanzania.  
 

Abattoir N 

Positive samples (%) 
Microbial load (Log10 CFU/cm

2
) Average (%) ±SE (95% 

confidence interval) 

Gram-negative 
bacteria

1
 

E. coli Gram-negative bacteria
1
 E. coli 

Small (2-10)
#
      

A 20 100 90 1.42 ± 0.26 (1.16-1.67) 1.05 ±0.32(0.73-1.36) 

B 20 100 85 1.36 ± 0.21 (1.15 -1.57) 0.94 ± 0.25(0.69-1.19) 

Average  100 87.5 1.39 0.99 

      

Medium (18-25)
#
      

C 25 100 76 1.53  ±  0.16 (1.37 - 1.69) 0.70 ± 0.21(0.49-0.91) 

D 20 95 70 1.02 ± 0.26 (0.76-1.28) 0.62 ± 0.26(0.37-0.88) 

Average  97.5 73 1.29 0.65 

P-value  0.5 0.069 0.66 0.0082 

Large (30 – 100)
#
E 40 100 95 1.77 ±  0.16 (1.61 - 1.92) 1.42 ± 0.16(1.25-1.58) 

 
#
Number of animals slaughtered per day. 

1
Counts of all the bacteria grew on Mac Conkeyagar plates. SE– Standard error; CFU – colony 

forming units. N- number of swabs. 

 
 
 
Enumeration and isolation of Escherichia coli 
 

Swabs were mixed well in the transport media (sterile water) and 
approximately 300 µl of suspension was plated onto MacConkey 
agar plates with the help of sterile glass beads. The plates were air-
dried briefly and incubated overnight. After incubation, plates were 
examined for the presence of bacterial colonies that were then 
enumerated as the total number of Gram-negative bacteria. 
Colonies with morphology similar to E. coli (pink to dark rose 
lactose fermenting colonies) were enumerated separately and up to 
12 isolates were picked using sterile tooth-picks and inoculated into 
150 µl of Luria-Bertani broth within individual wells of 96-well assay 
plates. These presumptive E. coli isolates were confirmed for their 
identity by using Hi-Chrome agar. Colonies that exhibited 
morphology similar to E. coli on Hi-chrome agar were added with 
glycerol (15% final concentration vol/vol) and stored at -80°C for 
further characterization. Colonies that did not meet these selection 
criteria were not included in the analysis of E. coli isolates 
(Mwanyika et al. In press). E. coli counts were reported as colony 
forming units per cm2 (cfu/cm2) of carcass surface (100 cm2 equal to 
15 mL of swab wash). 
 
 

Determining antibiotic susceptibility 
 

To determine the prevalence of antibiotic resistance up to 12 E. coli 
isolates from each sample were used with a breakpoint assay 
(Galland et al. 2001). Briefly, each isolate was tested against 11 
antibiotics with their corresponding break point concentration listed 
by Clinical Laboratory Standards Institute (Tadesse et al., 2012). 
These were: Ampicillin (Amp, 32 µg/ml, VWR International LLC, 
Sanborn, NY, USA), amoxicillin (Amx, 32 µg/ml, MP 
BiomedicalsLLC, Solon, OH), ceftazdime (Ceft, 8 µg/ml, SIGMA-
ALDRICH Co., St.Louis , MO), cefotaxime (Ctx, 8 µg/ml, Chem-
Impex International INC, Wood Dale, IL), ciprofloxacin (Cip, 4 
µg/ml, Enzo Life Sciences Inc, Farmingdale, NY), chloramphenicol 
(Chlo, 32 µg/ml, Medaitech Inc., Manassas, VA), gentamycin (Gen, 
32 µg/ml, Mediatech Inc.), streptomycin (Str, 16 µg/ml, 
AmrescoInc., Solon, OH), sulfamethoxazole (Sul, 512 µg/ml, MP 
Biomedicals),  tetracycline  (Tet,  16 µg/ml,  MP   Biomedicals)   and  

trimethoprim (Tri, 8 µg/ml, MP Biomedicals). 
MacConkey agar plates (150 mm diameter) were prepared with 

each antibiotic using the final concentrations described above. E. 
coli isolates from the 96-well plates were transferred onto the agar 
plates containing antibiotics by using a sterile 96-pin replicator. One 
susceptible (E. coli K-12) and two antibiotic resistant (E. coli NM-1 
and NM-2, water isolates collected from Tanzania) strains were 
used as negative and positive controls, respectively for antibiotic 
susceptibility profiling of E. coli isolates. For this study, isolates 
resistant to ≥ 2 antibiotics were considered MDR. 
 
 
Statistical analysis 
 
Bacterial counts per sample and per slaughterhouse were reported 
as the mean log10 cfu/cm2 with 95% confidence intervals (CI). 
Binary coding was used to record the susceptible (0) or resistant (1) 
phenotypes for each isolate X antibiotic test. Data was processed 
by using MS Excel 2000 (Microsoft Corporation, Redmond, WA) 
and descriptive metrics were computed by using MS Access. Data 
was subsequently analyzed using R-statistical package (version 
3.2.1) to determine (1) the differences in bacterial counts between 
abattoirs and (2) the differences in the prevalence of resistance 
between abattoirs and antimicrobials. One-way analysis of variance 
(ANOVA), Turkey HSD post-hoc multiple comparison test (α = 0.05) 
and Student t-tests were used to compare the differences between 
small and medium scale facilities. Due to the lack of replicates, the 
large-scale abattoir was not compared with other abattoir types. 
 
 
RESULTS 
 
The largest abattoir (“E”) was well equipped including 
hand-wash stations with hot running water and stations to 
sanitize knives. Animals were delivered from auctions by 
truck and were typically held in pens for 24 h before 
slaughter. The slaughter process at this facility was 
unidirectional, which has the advantage of limiting contact 
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Table 3. Prevalence of antibiotic resistant (ABR) E. coli isolated from the surface of beef carcasses in 
five cattle abattoirs located in Arusha district, Tanzania. 
 

Abattoir Number of E. coli
a
 collected Average(%) ±SE;(95%CI) of ABR 

Small (2- 10)
#
 432  

A 216 21 ± 0.09 (0.11 - 0.30) 

B 216 19 ± 0.07 (0.13 - 0.27) 

Average  21 

Medium (18-25)
#
 396  

C 228 32 ± 0.12 (0.20 - 0.43) 

D 168 28 ± 0.12 (0.16 - 0.40) 

Average  31 

P value  0.07 

Large (30 – 100)
#
E 444 27 ± 0.06 (0.21 - 0.33) 

 
a
Up to 12 isolates from each sample. P-value for the difference in average ABR between medium and small-

scale abattoirs. 
 
 
 
between initial slaughter waste and the finished products. 
Prior to storage in a cold room, carcasses were washed 
with hot water (no additives) and obvious contaminated 
areas were trimmed off. Routine inspections were 
conducted before carcasses were sent to a cold room. 
The inspection protocol was based on physical inspection 
for lesions typical of foot and mouth disease, bovine 
tuberculosis and cysticercosis with attention to the liver, 
heart, kidneys and lymph nodes. 

Abattoirs A, B, C and D (small and medium) were 
located in areas with lower human population density. 
Most of the animals were from farmers in the immediate 
area and occasionally from auctions. Qualitatively, these 
facilities appeared to employ less stringent hygiene 
practices and lacked separate working areas, potable 
running water, and drainage systems; cold rooms were 
not available for storage. Two facilities (A and B) used 
small rivers as a source of water and workers cleaned 
themselves at the river after slaughtering animals. All 
slaughter processes at these facilities were performed on 
the floor in the same area where the finished product and 
initial slaughter wastes were in close physical proximity. 
Importantly, when the number of animals to be 
slaughtered exceeded the abattoir’s handling capacity, 
especially on market days, cattle were slaughtered 
outside in open areas near the slaughterhouses. A 
sponge dipped in cold water was used to clean carcasses 
of visible contaminants before the products were 
removed from the abattoir. Only abattoir C in this 
category had meat inspectors to examine the carcasses 
on a regular basis. 
 
 

Prevalence and load of bacteria 
 

A total of 125 surface swab samples collected from five 
different slaughter houses (40 each from small and large 
and 45 from medium; Table 2) were processed to 
estimate  the  prevalence  and  load  of  cultivable  Gram-

negative bacteria including E. coli. From 125 samples, 
1272 E. coli isolates were recovered (Table 3). Almost all 
(99.2%) of the carcass samples were positive for Gram-
negative bacteria and 84.8% of the samples were 
positive for E. coli (Table 2). Detection of total Gram-
negative bacteria and E. coli positive samples did not 
differ significantly between small- and medium-scale 
slaughterhouses (Table 2). Nevertheless, beef carcasses 
from both small- and medium-scale slaughter facilities 
harbored bacterial counts that were lower than the 
maximum recommended by FAO (Table 1) for total 
bacteria (<1.5 log cfu/cm

2
) and E. coli (<0.8 log cfu/cm

2
) 

(Table 2). Beef carcasses from the large slaughterhouse 
harbored more total bacteria (1.79 log cfu) and E. coli 
(1.44 log cfu) on their surfaces (Tables 1 and 2). With 
respect to FAO standards (Table 1), the E. coli load was 
satisfactory for 35.2% of individual carcasses while the 
remaining were considered excessively contaminated. If 
we assume that total bacterial counts from MacConkey 
agar (total Gram-negative bacteria) are the equivalent to 
the FAO standard for total bacteria (Table 1), then 47.2% 
of carcasses were considered safe for human 
consumption. 

 
 
Prevalence of antibiotic resistant E. coli 

 
On average, antibiotic-resistant isolates of E. coli were 
more prevalent in medium (31%± 0.08, mean ± 95% CI) 
as compared to small facilities (21%± 0.06) (P = 0.07; 
Table 3). The large slaughterhouse also harbored an 
equal or higher percentage of resistant isolates as 
compared to medium facilities (Table 3). Among the E. 
coli isolates, Tet resistance was predominant in small 
(31%) and large (27%) houses followed by Amp 
resistance (42% and 11%; Table 4); in medium-scale 
facilities Amp resistance was predominant (25%) followed 
by Tet (11%) resistance. Resistance to Amx, Cip, Str, Sul  
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Table 4. Average  prevalence (%) of antibiotic resistant E. coli collected from the surface of beef carcasses obtained from five different 
abattoirs in Arusha district, Tanzania. The mean ± standard error was listed for small and medium slaughterhouses. 
 

Slaughter size Amp Amx Chl Cip Ctx Gen Str Sul Tet Tri 

Small  42 ± 6.5 0 0 0 6.5 ± 1.4 0 0 0 31 ± 1.3 0 

A 13 0 0 0 0.4 0 0 0 37 0 

B 71 0 0 0 12.5 0 0 0 25 0 

Medium 25± 4 0 0 0 2 ± 0.4 1± 0.2 0 0 11 ± 0.9 0 

C 41 0 0 0 4 2 0 0 15 0 

D 8.3 0 0 0 0 0 0 0 7 0 

Large E 11 1 2.7 3 8 0 1 4 27 1 

 
 
 
and Tri was not found in E. coli isolated from small and 
medium facilities and resistance to Chl, Ctx and Gen was 
limited or nonexistent in those facilities. Except Chl and 
Gen resistance, E. coli isolated from the large facility 
harbored bacteria that were positive for all other tested 
resistance phenotypes (Table 4). E. coli isolates resistant 
for Cfz were not found in any of the samples tested. All of 
the multidrug resistant E. coli isolated in this study were 
resistant to 2-3 antibiotics. Among the 19 unique 
combinations of resistance traits, isolates from small 
houses harbored four (AmpTet) and medium-scale 
isolates harbored five phenotypes while the large 
slaughterhouse harbored 15 phenotypes (AmpTet-2% 
followed by ChlSul-1.3% and others) (Table 5). 
 
 
DISCUSSION 
 
For many countries Hazard Analysis Critical Control Point 
(HACCP) systems have become mandatory as a hygiene 
control strategy in meat processing plants (Çalicioğlu et 
al., 2010). An example of the benefit for adopting HACCP 
comes from South Africa, which has documented a 
significant increase in microbiological quality of beef 
carcasses following HACCP implementation with a 
commensurate economic benefit through expansion of 
meat markets (Govender et al., 2013). In Tanzania, food 
inspection still relies on a "see, smell and touch" protocol 
that does not detect microbiological and chemical 
contaminants (Ruteri, 2009). For this reason Tanzanian 
meat is regarded as unsafe despite having the third 
largest livestock production system in Africa (Ologhobo et 
al., 2010). Recently, the Tanzanian Food and Drug 
Authority shutdown several abattoirs in Arusha region 
after failed inspections. Presumably, the level of 
production is stretching the capacity of local abattoirs and 
increasing the likelihood that non-compliant practices are 
being used. 

If we assume that total Gram-negative bacterial counts 
are equivalent to FAO standards for total bacteria on beef 
carcasses, then more than 50% of beef carcasses from 
the current study could be accepted for human 
consumption.  The  cool  weather  in  Arusha  might  have 

affected bacterial count because abattoirs used generally 
poor manufacturing practices. The remaining >45% of 
beef carcasses were excessively contaminated. While we 
cannot statistically evaluate the correlation between 
facility size and microbiological quality of meat, it is 
notable that the one large facility included in the current 
study had higher loads of bacteria and a greater diversity 
of antibiotic resistant E. coli. This was the case despite 
what appeared to be application of more effective 
sanitation control procedures. Consequently, the total 
number of animals being handled, or the pace by which 
they are processed, may be a more important risk factor 
for carcass contamination. Consistent with this 
hypothesis, a study from Alberta, Canada, found that high 
volume abattoirs had significantly higher (P<0.01) mean 
counts for coliforms and E. coli than low volume abattoirs 
(Bohaychuk et al., 2009). 

Transportation and lairage effects could be another 
factor. Transportation can stress animals and increase 
defecation rates with correspondingly greater possibilities 
of hide contamination. Also cattle in the large abattoir 
were mixed with small ruminants in the holding pen and 
this could facilitate transmission of bacteria between 
animals. For example, one study found that detection of 
Salmonella increased from 18.5 to 47.7% with a 66 h 
increase in time that stock spent in lairage (Morgan et al., 
1987). Others have reported that there is an increase in 
carcass bacterial counts associated with transportation 
(Engineer et al., 2008). 

The higher prevalence of antibiotic resistant bacteria at 
the large facility could also be affected if their suppliers 
use more antibiotics (Nyenje and Ndip, 2013). For 
example, because their stock comes from larger 
suppliers, high-density husbandry increases the chances 
of disease transmission and presumably increases the 
demand or need for antimicrobials to sustain their herd 
health. 

The medium volume facilities examined in this study 
routinely hung carcasses soon after slaughtering, which 
could explain a reduced bacterial load. Carcass hanging 
was not observed at the two small-scale abattoirs. In 
Nigeria, meat from small abattoirs had mean E. coli 
counts  of  4.2 log cfu/g  (Iroha  et  al.,  2011).   In   Brazil,
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Table 5. Average prevalence (%) of antibiotic resistant phenotypes among the E. coli isolates 
obtained from small, medium and large-sized slaughterhouses in the Arusha region. 
 

AMR phenotypes
a
 Small Medium Large 

None  65.17 ± 11.5 36.25 ± 15.4 54.7 

Amp 26.25 ± 15.4 20.46 ± 14.2 8.33 

Amx 0 0 0.23 

Cfd 0 0.21 ± 0.21 0 

Chm 0 0 0.43 

Cip 0.21 ± 0.21 0.83 ± 0.83 0 

Ctx 4.38 ± 3.96 0.5 ± 0.5 6.62 

Gen  0 0.7 ± 0.5 0 

Sul 0 0 0.64 

Tet 17.29 ± 17.29 8.29 ± 4.62 22.22 

AmpCtx 2.08 ± 2.08 1.33 ± 1.33 0 

AmpGen 0 0.17 ± 0.17 0 

AmpTet 2.17 ± 0.5 11.46 ± 9.38 1.92 

AmxChm 0 0 1.92 

AmxTet 0 0 1.92 

ChmSul 0 0 1.28 

CtxTet 0 0 0.85 

SulTet 0 0 0.43 

AmpGenTet 0 0.21 ± 0.21 0 

AmxChmTet 0 0 0.21 

ChmSulTet 0 0 0.21 

SulTetTri 0 0 0.21 

AmpAmxStrSul 0 0 0.21 

AmpChmStrTri 0 0 0.21 

AmpChmSulTet 0 0 0.21 

AmpStrSulTri 0 0 0.21 

AmpSulTetTri 0 0 0.21 

AmpStrSulTetTri 0 0 0.21 
 
a
Amp = ampicillin;  Amx = amoxicillin; Cfd = ceftazidime; Chm = chloramphenicol; Cip = ciprofloxacin; 

Ctx = cefotaxime; Gen = gentamycin; Str = streptomycin; Sul = sulfamethoxazole; Tet = tetracycline; 
Tri = trimethoprim. 

 
 
 
Brazil, carcass surfaces in a small abattoir had a total 
viable bacterial count ranging between 1.78 and 2.78 
log10 cfu/cm

2 
(Caselani et al., 2013). Importantly, abattoir 

layout can have a significant impact via the distribution of 
air-borne contaminants (Prendergast et al., 2004). 

Resistance to ampicillin and tetracycline were the most 
common phenotypes found in our study. Another study 
reported that tetracycline resistance was frequently 
detected among E. coli in South African cattle, swine and 
people (Ateba and Bezuidenhout, 2008). Tetracycline 
resistance was evident for Salmonella, E. coli and 
Campylobacter found in meat from Canada (Cook et al., 
2009). The wide distribution of these resistance traits is 
favored by the location of genes on mobile genetic 
elements such as plasmids and transposons (Schnabel 
and Jones, 1999). Use of tetracycline antibiotics in 
livestock farming is relatively common as compared to 
other  classes   of   antibiotics   and   a   recent   study   in 

Tanzania found that 70% of meat was positive for 
tetracycline residues (Darwish et al., 2013). 
Consequently, use of antibiotics in livestock may drive 
the higher prevalence of these resistance traits in enteric 
bacteria. 

Importantly, very limited resistance to third-generation 
cephalosporines (Ctx, Cfz), was detected considered 
drugs of last resort for the treatment of food-borne 
pathogens like Salmonella and Shigella (Xia et al., 2011). 
Resistance to chloramphenicol was also very limited 
(1%). We conducted an informal survey of veterinary 
drug vendors in the Arusha area and mostly found 
oxytetracycline, penicillin-streptomycin and tylosin 
products (data not shown). There was no evidence that 
vendors carried either cephalosporins or chloramphenicol 
products for use in food animals. Low levels of resistance 
to chloramphenicol have also been reported in other 
studies (Tadesse et al., 2012; Kibret and Tadesse, 2013).  
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Importantly, several countries have banned the use of 
chloramphenicol in food animal production, these include 
the USA, Canada and South Africa (Berendsen et al., 
2010; Ting et al., 2001). 

In Ifakara Tanzania (Vila et al., 1999), multidrug 
resistant E. coli was associated with 38% of diarrhea in 
children from a rural community. Another study showed 
that the rate of bacteremia in children was 13.9% and 
one third of these children presumably died due to failure 
of treatment associated with multidrug resistant bacteria 
of which Gram-negative bacteria were the leading cause 
(43.5%) (Blomberg et al., 2007). Interestingly, beef may 
not be a major source of these isolates given that for the 
current study only 4.6% of E. coli were resistant to ≥2 
antibiotics. In contrast, a high prevalence of resistant 
bacteria has been reported from raw milk from cattle and 
from other food animals including broiler chickens (Nonga 
et al., 2010; Lubote et al., 2014). 

It is important to note that beef demand in Tanzania is 
increasing with the increase in human population, but it is 
questionable if the production system is equipped to deal 
with a rapid pace of change. Diseases like “Ndigana and 
Kizunguzungu” (anaplasmosis and ehrlichiosis, respect-
tively) and East Coast Fever are significant challenge to 
farmers in northern Tanzania (Halliday et al., 2015). Their 
prevention and treatment promote the reliance on 
antimicrobials (including oxytetracycline) and this may 
contribute to selection for antibiotic resistant organisms. 

Clearly, less microbial surface contamination is 
possible and should be the goal for the industry in 
Tanzania. For example, whereas the vast majority of 
carcasses in the current study were contaminated with E. 
coli, this was only true for 7.6% beef carcasses in Irish 
abattoirs (McEvoy et al., 2003) while only 3% of retail 
meat samples were positive for Salmonella in 
Washington, D.C (White et al., 2001). Beef carcasses 
from the Arusha area have limited contamination from 
multidrug-resistant E. coli. This study provides a baseline 
to consider how this prevalence may change with 
population growth in this region. 
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