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ABSTRACT

Given the potential public health risks associated with a burgeoning goat meat industry in Tanzania, we estimated the load of
Escherichia coli and the prevalence of antibiotic-resistant strains for goat meat by using a cross-sectional study design (June to
July 2015). Five large (n =60 samples) and five small (n = 64 samples) slaughterhouses were sampled over a period of four to six
visits each. Meat rinsate was prepared and plated onto MacConkey agar, and presumptive E. coli colonies were enumerated and
reported as CFU per milliliter of rinsate. In total, 2,736 presumptive E. coli isolates were tested for antibiotic drug sensitivity by
using breakpoint assays against 11 medically important antibiotics. E. coli was recovered from almost all the samples (96.8%),
with counts ranging from 2 to 4 log CFU ml ', and there was no significant difference (P = 0.43) in recovery according to facility
size (average, 3.37 versus 3.13 log CFU mI™", large and small, respectively). Samples from large facilities had relatively higher
prevalence (P = 0.026) of antibiotic-resistant E. coli compared with small facilities. This was mostly explained by more
ampicillin (30.1 versus 12.8%) and amoxicillin (17.6 versus 4.5%) resistance for large versus small facilities, respectively, and
more tetracycline resistance for small facilities (5.6 versus 10.6%, respectively). Large slaughter operations may serve as foci for
dissemination of antibiotic-resistant bacteria via food products. More effective hygiene practices during slaughter and meat

handling would limit the probability of transmitting antibiotic-resistant E. coli in goat meat.

Key words: Antimicrobial resistance; Arusha; Escherichia coli; Goat meat; Tanzania

Animal meat is an important protein source worldwide.
In some countries, goats are an important source of meat, but
they can also serve as carriers of pathogenic Escherichia
coli, Salmonella enterica (mostly serovars Typhimurium
and Enteritidis), and Campylobacter spp. (10, 16). These
pathogens can spread to people through contact with the
animals or their excreta, or by handling and consuming raw
or undercooked contaminated meat (23). Contaminated food
products remain the major cause of foodborne illness in
developing countries; in Southeast Asia and Africa, such
contamination accounts for more than 1.46 million annual
deaths in children <5 years old. Tanzania is one of the 15
developing countries that collectively bear 73% of these
deaths (5, 25).

E. coli is a common bacterial contaminant of meat, and
most strains of E. coli are commensal enteric organisms
(33). Their presence in food products indicates direct or
indirect fecal contamination that most likely occurs due to
deficits in hygiene during product preparation. Although
most commensal E. coli strains are harmless, there are many
strains that are harmful to people (/3). Furthermore,

* Author for correspondence. Present address: P.O. Box 447,
Arusha, Tanzania. Tel: 4255688012616, Fax: 4255 (27) 2970016;
E-mail: joram.buza@nm-aist.ac.tz.

commensal E. coli are thought to serve as reservoirs for
antimicrobial resistance and associated antimicrobial resis-
tance genes that can be shared with pathogens (3, 26).
Antibiotic resistance in pathogens can complicate treatment
of infectious disease, leading to prolonged hospitalization,
treatment failure, and death (39). In Tanzania, the occur-
rence of antimicrobial-resistant (AMR) infections has been
reported (17).

In developing countries, the role of food animal
products in transmitting AMR pathogens to people is
underappreciated (/9). In Tanzania slaughter facilities in
urban centers usually operate under regulatory oversight of
official meat inspectors and health officers who evaluate
meat quality, sanitation practices, and staff hygiene. In these
facilities animal stock comes from local traders who
purchase the animals either directly from local farmers or
obtain animals from primary and secondary livestock
markets found within and outside the urban zones. In rural
areas, slaughter infrastructure is usually rudimentary and
meat inspection and hygiene are scarce. Slaughter facilities
in these areas obtain stock mainly from individual farmers
and primary livestock markets (28, 38). In Arusha, goat meat
is a popular animal food product made famous as roasted
meat (nyama choma). It is sold in fast-food stalls and bars
commonly found in local municipalities. In these settings,
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poor sanitary practices, including procedures used in
slaughter, are common and can increase the transmission
of foodborne pathogens and AMR bacteria to people (25).

To assess the levels of E. coli load as a measure of fecal
contamination and estimate the prevalence of AMR E. coli
in goat meat samples from selected slaughterhouses in the
Arusha area, we grouped the slaughterhouses as large (10 to
150 goat capacity per day) and small (1 to 3 goat capacity
per day) slaughter operations.

MATERIALS AND METHODS

Sampling collection and processing. Between June and July
2015, two or three fresh meat samples (250 g each) were purchased
weekly from both large (five premises: A, B, C, D, and E; n = 60
samples, 12 per premise) and small (five premises: F, G, H, 1, and
J; n = 64 samples, 12 to 13 per premise) slaughter facilities.
Samples were stored separately in clearly labeled, sterile
polyethylene bags and carried to the laboratory in an ice-cold
box within 2 h of collection. In the laboratory, subsamples (25 g
each) were washed thoroughly with 25 ml of double-distilled water
by soaking and vigorously shaking the subsamples in sterile plastic
bags. An aliquot (1 ml per sample) was transferred into a 2-ml
microcentrifuge tube containing glycerol (15% final concentration)
and stored at —20°C as a source for additional dilutions if needed.
The remaining portion of the meat wash was transferred into a 15-
ml Falcon tube (BD, Franklin Lakes, NJ) for bacterial counts on
the same day of collection.

E. coli isolation and enumeration. Meat rinsate was
analyzed for E. coli counts by procedures described previously
(31), with minor modifications to improve the E. coli detection
limit. Modifications included an increase in the size of product
sample (increased from 10 to 25 g to 100 to 250 g), and meat
rinsate was obtained by diluting the samples to a ratio of 1:1 (25 g
in 25 ml of sterile double-distilled water) compared with the
previously used ratio of 1:10 (10 g to 90 ml of sterile double-
distilled water). MacConkey agar (Difco, BD, Sparks, MD) was
prepared according to the manufacturer’s specifications and poured
into petri plates (60 by 15 mm). Meat rinsate was serially diluted
(10-fold, 0 to 107%), and 100 pl of each dilution was spread plated
directly onto the agar plates by using sterile glass beads. The plates
were briefly dried at room temperature and incubated overnight at
37°C. After incubation the plates were checked for the presence of
presumptive E. coli colonies and counted. E. coli typically appears
as a dry colony that is pink to rose-red on MacConkey agar. The
number of CFU per milliliter of bacteria from the meat wash was
then calculated (36). From each sample 24 presumptive E. coli
colonies were picked with sterile toothpicks and inoculated into
150 wl of Luria-Bertani broth (Difco, BD) contained within wells
from a 96-well plate and incubated overnight at 37°C. After
overnight incubation glycerol (15% final concentration) was added
to each well in the 96-well plates containing E. coli culture, and the
plates were stored at —80°C until further use.

Determination of antimicrobial susceptibility in E. coli.
Before testing, the frozen 96-well culture plates were left to thaw
for 20 to 30 min, and a duplicate working plate was prepared by
using a sterile 96-pin replicator. All presumptive E. coli isolates
were confirmed for their biochemical identity by transferring the
cultures onto a chromogenic selective agar plate (Hi Media
Laboratories Prt. Ltd., Mumbai, India) by using a 96-pin replicator.
Bluish green colonies were identified as typical E. coli, and this
procedure confirmed that 91.7% (1,320 isolates from small

J. Food Prot., Vol. 79, No. 9

facilities) and 98% (1,416 isolates from large facilities) of the
presumptive E. coli isolates were E. coli. To determine the
prevalence of antibiotic-resistant E. coli, breakpoint assays for 11
antibiotics were used (35). Antibiotic concentrations were guided
by Clinical and Laboratory Standard Institute recommendations
(8): ampicillin, 32 pg/ml (VWR International, Radnor, PA);
amoxicillin, 32 pg/ml (MP Biomedicals, Santa Ana, CA);
chloramphenical, 32 pg/ml (Mediatech, Inc., Manassas, VA);
ciprofloxacin, 4 pg/ml (Enzo Life Sciences, Inc., Farmingdale,
NY); ceftazidime, 8 pg/ml (Sigma, St. Louis, MO); cefotaxime, 4
pg/ml (Chem-Impex International, Inc., Wood Dale, IL); genta-
micin, 16 pg/ml (Mediatech); streptomycin, 16 pg/ml (Amresco
Inc., Solon, OH); sulfamethoxaxole, 512 pg/ml (MP Biomedicals);
tetracycline, 16 pg/ml (MP Biomedicals); and trimethoprim, 8 pg/
ml (MP Biomedicals).

The breakpoint assay was performed using MacConkey agar
plates containing individual antibiotics. Approximately 1 to 2 pl
(~10* CFU per spot) of bacterial inoculum from each 96-well plate
was transferred using a sterile 96-pin replicator and spotted onto
the MacConkey agar plates containing an antibiotic. Plates were
dried for ~15 min at room temperature and incubated overnight at
37°C. After incubation the plates were examined for the presence
of resistant bacteria. Antibiotic resistance was evident when an
isolate grew on an agar plate containing an antibiotic. E. coli K-12
was used as a negative control and E. coli NM-1 (resistant to
ampicillin, ciprofloxacin, chloramphenicol, streptomycin, sulfa-
methoxazole, tetracycline, and trimethoprim) and E. coli NM-2
(resistant to ampicillin, amoxicillin—clavulanic acid, ceftazidime,
ciprofloxacin, kanamycin, streptomycin, sulfamethoxazole, tetra-
cycline, and trimethoprim) as a positive control. NM-1 and NM-2
were originally isolated from water sources in northern Tanzania.
Antibiotic resistance phenotypes were characterized at the Nelson
Mandela African Institution of Science and Technology (Arusha,
Tanzania), and the genotypes were confirmed at Washington State
University (Pullman) by using breakpoint assays as described here.

Statistical analysis. All counts in CFU per milliliter were log
transformed at base 10 to satisfy assumptions of a normal
distribution (/5). To estimate the difference of E. coli load in
goat meat samples between large and small slaughter facilities, a
two-sample Student’s ¢ test was used. Comparison of variance in
prevalence of AMR E. coli between and within large and small
slaughterhouses and among sampling sites across tested antibiotics
was done by two-way analysis of variance to compute the F
statistic and Tukey’s honestly significant difference post hoc test
(R software version 3.2.1; stats package). Results at P < 0.05 were
considered statistically significant.

RESULTS AND DISCUSSION

Overall, 120 (96.8%) of 124 goat meat samples were
positive for E. coli, with counts ranging between 2 to 4 log
CFU ml™! (Fig. 1). There was no statistical difference (P =
0.43) between the average E. coli load for large and small
slaughterhouses (Table 1), suggesting that factors other than
facility handling volume are important determinants of E.
coli contamination. Nevertheless, meat samples from one
large (C) and two small (F and G) facilities had relatively
high loads of E. coli that exceeded the limit (<3 log CFU
g ") recommended by one international food standards
agency (15) compared with the other facilities (Table 1).
Higher E. coli loads in these facilities might be related to
site-specific sanitation and handling practices of carcasses or
equipment (/, 4), but regardless of the reason these higher



J. Food Prot., Vol. 79, No. 9

TABLE 1. Average log CFU of E. coli detected in goat meat
samples (12 per house) from small and large slaughterhouses
located at 10 different sites in Arusha, Tanzania®

E. coli load 95% confidence
Slaughter facility site (log CFU ml™") interval
Large facility (n = 5) 337 +0.12 A" 3.14-3.59
A 3.15 £ 0.26 A 2.36-3.76
B 3.29 = 0.17 a 2.79-3.80
C 3.79 £ 0.12 A 3.44-4.15
D 341 £ 0.15 A 2.97-3.85
E 3.19 £ 0.15 A 2.75-3.64
Small facility (n = 5) 3.13 = 0.25" 3.71-4.13
F 3.92 =007 B 2.65-3.62
G 3.51 £ 0.15B 3.05-3.98
H 2.76 = 0.07 A 2.54-2.98
I 2.69 = 0.04 A 2.56-2.82
J 278 = 0.14 A 2.34-3.21

“ Values are means = standard errors. Values followed by
different letters designate significantly different groups by
Tukey’s honestly significant difference post hoc test at P <
0.001.

b Group mean for small or large facilities.

loads may represent a greater risk of transmission to
consumers (34). Within the large and small size groupings,
there was a range of recoverable E. coli (Table 1).
Inconsistent or different slaughter practices among goat
meat handlers at different facilities possibly accounts for this
discrepancy (12).

The methodology used in the current study included
collection of an initial meat sample (250 g) that was larger
than conventional samples (100 g (21)), with the intention of
collecting a more representative sample for testing. We then
tested a 25-g subsample by preparing rinsate with 25 ml of
sterile double-distilled water. Using this methodology we
had no difficulty detecting E. coli (2 to 4 log CFU ml™")
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FIGURE 1. Distribution of E. coli load from all goat meat
samples collected from the Arusha district, Tanzania. Bars refer to
the number of samples, n = 120 positive samples.

from goat meat samples from Arusha, but these numbers are
relatively low compared with those from reports from low-
income settings, where less intensive sampling yielded E.
coli loads between 5.4 and 7.5 log CFU ml™' (6, 12). We
observed that most premises frequently used hot water to
clean equipment and work surfaces, and we surmise that the
lower average loads observed in our study may be related to
these practices.

Antibiotic susceptibility testing results (Table 2) for E.
coli isolates (1,416 for large facilities and 1,320 for small
facilities) indicated that meat samples from large facilities
harbored a higher prevalence (P = 0.026) of antibiotic-
resistant E. coli compared with small facilities. The highest
prevalence of resistance was for ampicillin followed by
amoxicillin. A Pearson’s correlation coefficient indicated a

TABLE 2. Average prevalence (%) of antibiotic-resistant E. coli in goat meat samples from five large-scale and five small-scale

slaughterhouses in Arusha, Tanzania®

Antibiotic Large slaughterhouse (n = 5) Small slaughterhouse (n = 5) Overall mean
Ampicillin 30.1 = 10.2 (11.9-38.1) 12.8 = 1.1 (10.6-14.9) 21.5 = 89B
Amoxicillin 17.6 =54 (9.9-25.7) 4.5 = 1.3 (1.9-7.0) 11.1 = 6.5 AB
Streptomycin 52 *+09 ((3.5-6.9) 3.9 = 1.1 (1.8-6.1) 47 £ 0.6 A
Sulfamethoxazole 7.1 =22 (2.8-11.5) 5.1 = 1.3 (2.5-7.7) 57 =07 A
Tetracycline 46 = 0.7 (3.3-5.9) 10.6 = 2.3 (6.0-15.2) 76 £0.7aA
Trimethoprim 5.1 £ 1.7 (1.7-8.5) 3.9 £ 1.7 (0.6-7.2) 46 £ 0.6 A
Overall mean 11.6 £ 42 A 6.8 £ 1.6B
F statistic

Antibiotic 6.447%50
Slaughter scale 5.27%
Antibiotic X slaughter scale 2.88%

“ Comparisons are based on a two-way analysis of variance to compute the F statistic and Tukey’s honestly significant difference post hoc
test. Values are means * standard errors, with 95% confidence intervals in parentheses. Values followed by different letter(s) in the same
column or row designate significantly different groups by Tukey’s honestly significant difference post hoc at P < 0.001. All the E. coli
isolates, regardless of source, were susceptible to ceftazidime and cefotaxime. Chloramphenicol and ciprofloxacin were not analyzed

because of insufficient data.
bxp < 0.05; % P < 0.01; ** P < 0.001.
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TABLE 3. Average prevalence (%) of antibiotic-resistant E. coli in goat meat samples from different sites within large slaughterhouses in

Arusha, Tanzania®

Antibiotic”:

Large facility (n = 5) Amp Amx Str Sul Tet Tri Overall mean
A 10.2 £53 49 £23 23 %12 19 = 1.6 49 £ 24 27 1.0 44 =12 A
B 12.1 £ 39 8.7 £ 4.1 6.9 =29 73 =22 42 +24 52*1.6 72 +*1.0A
C 49.7 = 10.7 354 £ 11 6.6 £5.6 12.8 £ 6.0 6.6 29 11.8 £ 6.7 205 £73c¢
D 58.7 £ 9.7 222 * 6.8 42 *+ 26 11.1 =49 24 *+1.2 3.1 £ 2.1 16.9 = 8.9 BC
E 20.5 = 83 15.6 = 8.3 59 =41 24 * 1.1 49 =32 28 = 1.7 8.7 = 3.1 AB
Overall mean 30.1 = 102¢c 176 £548B 52 %094 71 £22A 46 =*07A 51 1.7A
F statistic

Antibiotic 19.72%%%¢

Site 10.14%%*

Antibiotic X site 3.1

“ Values are means * standard errors. Comparisons are based on a two-way analysis of variance to compute the F statistic and Tukey’s
honestly significant difference post hoc test. Values followed by different letter(s) in the same column or row designate significantly
different groups by Tukey’s honestly significant difference post hoc test at P < 0.001.

b Amp, ampicillin; Amx, amoxicillin; Str, streptomycin; Sul, sulfamethoxazole; Tet, tetracycline; Tri, trimethoprim.

¢ # P < 0.05; % P < 0.01; *** P < 0.001.

positive correlation between ampicillin and amoxicillin
resistance among isolates in large and small facilities (r =
0.60 and r = 0.67, respectively; P < 0.001). This is
consistent with the presence of both independent resistance
traits and cross-protective resistance traits in the E. coli
population. Moreover, the statistical interaction (P < 0.05)
between slaughterhouse size and antibiotics (plot not shown)
indicated that E. coli resistance to ampicillin and tetracycline
was higher in large (P < 0.001) and small (P = 0.018)
slaughterhouses, respectively (Table 2).

The higher prevalence of E. coli resistance to
ampicillin, amoxicillin, and tetracycline might be related to
the common use of antibiotics that belong to the penicillin
and tetracycline drug classes. Tanzanian farmers often treat
livestock without a veterinary prescription or veterinary

supervision (20). Similar observations were reported in the
neighboring country Kenya (22, 29). Despite several reports
about antibiotic use practices in Tanzanian livestock
production (/7), no studies have been done to directly
assess the impact of these practices. Nevertheless, it is
important to note that even in the absence of antibiotic use,
resistant populations can persist in livestock populations, on
environmental surfaces, and in water and can even come
from people (2, 7).

Among the large facilities, the overall prevalence of
antibiotic-resistant E. coli from meat samples was signifi-
cantly higher (P < 0.001) at facilities C and D compared
with facilities A, B, and E (Table 3). There was a statistical
interaction (P < 0.001) between sampling sites and
antibiotic type for isolates analyzed from large slaughter-

TABLE 4. Average prevalence ( %) of antibiotic-resistant E. coli in goat meat samples from different sites within small slaughterhouses in

Arusha, Tanzania®

Antibiotic’:

Small facility (n = 5) Amp Amx Str Sul Tet Tri Overall mean
F 150 = 7.1 29+ 1.9 54 27 46 =29 10.8 = 6.4 25+ 1.7 7.8 =2.1A
G 135 £ 4.1 45+ 25 6.6 = 1.8 45 +23 31 *1.5 35*+19 53+ 15a
H 14.6 = 5.8 25+ 14 — 6.3 £ 35 8.3 + 5.1 — 10.1 =29 A
I 11.7 = 7.5 95 + 8.3 42 + 32 9.1 =83 159 = 8.7 102 = 7.7 59 = 1.1A
J 9.0 = 3.0 3.1 +£22 3524 1.0 = 0.5 149 = 5.6 35+23 59+ 13a
Overall mean 128 x 1.1c 45 =*13aBc 39 =*1.1a 51=x13acp 10.6 £23 AcC 39 1.7A
F statistic

Antibiotic 3.59%x4

Site 1.09NS

Antibiotic X site 0.49N8

“ Values are means * standard errors. Comparisons are based on a two-way analysis of variance to compute the F statistic and Tukey’s
honestly significant difference post hoc test. Values followed by different letter(s) in the same column or row designate significantly
different groups by Tukey’s honestly significant difference post hoc test at P < 0.05.

b Amp, ampicillin; Amx, amoxicillin; Str, streptomycin; Sul, sulfamethoxazole; Tet, tetracycline, Tri, trimethoprim.

¢ —, antibiotic not detected.

4% p < 0,05 % P < 0.01; #** P < 0.001; NS, nonsignificant (P > 0.05).
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TABLE 5. Prevalence (%) of various antimicrobial-resistant
(AMR) phenotypes and susceptible isolates among E. coli in goat
meat samples collected from five large and five small slaughter-
houses in Arusha district, Tanzania

Large Small
slaughter facilities slaughter facilities
AMR phenotype” (n=25) (n=25)

Amp 10.7 59
Amx 1.6 0.4
Chl - 0.1
Str 1.9 1.7
Sul 0.7 0.6
Tet 2.1 6.4
Tri 0.9 0.1
AmpAmx 8.7 1.1
AmpChl 0.7 —
AmpStr 0.4 0.4
AmpSul 1.1 0.8
AmpTet 0.6 1.3
AmpTri 0.7 —
AmxChl 0.1 —
AmxSul 0.1 —
AmxTet 0.1 0.1
AmxTri 0.1 0.1
ChlTet — 0.1
StrSul 0.1 —
StrTri 0.1 1.5
SulTet — 0.3
SulTri 0.1 0.1
TetTri 0.1 —
AmpAmxTet 0.1 —
AmpAmxChl 0.4 —
AmpAmxStr 0.4 —
AmpAmxSul 2.1 0.2
AmpAmxTet 0.6 0.1
AmpAmxTri 0.2 —
AmpChlTet 0.1 —
AmpStrSul 0.1 —
AmpSulTet 0.1 0.3
AmpSulTri 0.1 0.1
AmpTetTri 2.8 —
AmxCipTet 0.1 —
AmxStrSul 0.1
AmxStrTri 0.1 —
StrTetTri — 0.1
AmpAmxChlTri 0.1
AmpAmxStrTri 0.1 —
AmpAmxStrSul 0.6 0.1
AmpAmxSulTet 0.1 0.2
AmpAmxSulTri 0.5 0.5
AmpAmxTetTri 0.1 —
AmpChlTetTri 0.2 —
StrSulTetTri 0.1 —
AmpAmxStrSulTri 1.2 0.1
AmpAmxSulTetTri — 0.1
AmpAmxCipSulTetTri — 0.4
AmpAmxCipSulTetTri — 1.3
AmpAmxCipChlSulTetTri — 0.1
AmpAmxCipChlStrSulTri 0.1 —

Total AMR phenotypes 41.3 24.6

Susceptible isolates 58.7 75.4

“ Amp, ampicillin; Amx, amoxicillin; Cip, ciprofloxacin; Chl,
chloramphenicol; Str, streptomycin; Sul, sulfamethoxazole; Tet,
tetracycline; Tri, trimethoprim.

b __ antibiotic not detected.
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houses, and this interaction was attributable to changes in
the rank order of resistance for site C relative to sites A and
B and for site D relative to sites A, B, and E. Site D had a
significantly higher prevalence (P < 0.001) of ampicillin
resistance compared with site C. Generally, sites C and D
yielded more resistant E. coli compared with other sites.
These two sites are located in a concentrated commercial
area of Arusha known as Muromboo that is famous for
vending roasted goat meat. Qualitatively, this area has the
highest density of live goat auctions and slaughter
operations that might contribute to more transmission of
antibiotic-resistant bacteria with meat. For example, others
have reported a positive relationship between the numbers of
animals that are processed and recovery of bacterial
contamination from the meat products (32, 37).

Within small slaughterhouses there was no significant
difference (P > 0.05) among sites (Table 4). Overall the
rank order for prevalence of antibiotic-resistant E. coli
resistance was comparable to that of large facilities, with
isolates showing more resistance (P < 0.05) to ampicillin
than to other antibiotics. For this comparison there was no
statistical interaction (P > 0.05) between sample sites and
antibiotic type.

Generally, in most farming communities, the environ-
ment is shared between animals and people; therefore, both
can share resistant bacteria with additional transmission
through handling of meat products (9). Management
practices might contribute to the size effect as well. For
example, experience from veterinary officers in this region
indicates that large facilities have clients with larger herds
and more animal stock, and they have greater potential to
use more antibiotics (presumably because of increased risk
of disease spread) to treat animals during or before being
transported to a slaughterhouse. These practices would
probably selectively enrich resistant populations of bacteria,
as was observed at the larger facilities in this study.
Alternatively, the act of transporting animals may be
compatible with more transmission of antibiotic-resistant
bacteria derived from other sources such as environmental
surfaces, water, people, and other animals. Moreover, during
antemortem examination in large slaughterhouses, animals
are crowded at one location in a high density, thereby
increasing the probability of transmission of bacteria (27).
Regardless, our findings are consistent with the possibility
that larger slaughter operations might be an important foci
for transmitting antibiotic-resistant bacteria in meat. With
the demand for meat driving the growth of larger facilities,
this demand could become a problem as economies develop,
at least until industry standardization is adopted.

The limited prevalence of chloramphenicol-resistant E.
coli (1.5% in large facilities and 0.2% in small facilities)
observed in this study is encouraging because it suggests
that chloramphenicol is not used routinely in Tanzanian food
animals. This is important because exposure to chloram-
phenicol can cause a dose-independent incidence of aplastic
anemia in people and subsequent increased risk of B-cell
lymphoma (40). Unfortunately, chloramphenicol is used to
treat food animals in other countries (30), and the use of a
veterinary analog, florfenicol, can select for cross-resistance
if resistance is conferred by a florfenicol efflux pump (/7).
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Interestingly, only 5.6% of the 2,736 isolates were
resistant to three or more antibiotic classes. Of these isolates,
108 (70.6%) were recovered from large facilities and 45
(29.4%) from small facilities. Two isolates were resistant to
up to seven of the tested antibiotics. Overall, there were 53
different resistance phenotypes (including susceptible
strains) of which only 11 were found at prevalence level
>1% (Table 5). This limited prevalence of multidrug
resistance is comparable to what Gousia et al. (/8) reported
for goats in Greece, but it is considerably lower than the
88% that has been reported for Salmonella isolated from
water sources in northern Tanzania (24). The relatively low
prevalence of multidrug-resistant E. coli could be indicative
of relatively low exposure to antibiotics, on average, for the
farms that use these slaughter facilities. This low prevalence
may change, however, as larger herds are developed to meet
growing consumer demand.

Findings from this study show that the total load of
fecal E. coli contamination of goat meat from slaughter
facilities in Arusha is within the range of recommended
limits set by one international food standards agency (15).
Carriage of commensal AMR E. coli, including some
multidrug-resistant strains in goat meat from this area, could
be a concern to consumers if undercooked meat is
consumed. Management practices in large slaughter opera-
tions might play an important role in selecting for larger
populations of resistant bacteria and contributing to a higher
burden of antibiotic-resistant bacteria on meat products.
More effective hygiene measures during slaughter and
posthandling of meat are recommended to limit the
magnitude of meat contamination.
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