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Beef can easily be contaminated with bacteria during the meat production chain. In this work, we studied the
contamination levels of mesophilic aerobic bacteria (MAB) and thermotolerant coliform bacteria (TCB) on raw
beef surfaces from small shops in Helsinki, Finland and meat markets in Benin City, Nigeria. We also investigated
the prevalence of Salmonella, Campylobacter, Yersinia, Shiga toxin-producing Escherichia coli (STEC), Listeria, and
cephalosporin-resistant E. coli (CREC). In total, one hundred unpacked raw beef samples from Finland and
Nigeria were collected in 2019. The median MAB and TCB counts were significantly (P < 0.001) higher on beef
from Nigeria than from Finland. The median MAB and TCB counts in Nigeria were 7.5 and 4.0 log10 cfu/cm2,
respectively, and 6.5 and 2.8 log10 cfu/cm2 in Finland, respectively. Most (94%) Nigerian samples were unac
ceptable according to limits set by the EU. Beef samples from meat markets in Benin City were significantly (P <
0.05) more frequently contaminated with Salmonella, STEC, and CREC than beef samples from small shops in
Helsinki. Salmonella, STEC, and CREC were isolated from 30, 36, and 96% of Nigerian samples, respectively, and
from <2, 12, and 2% of Finnish samples, respectively. Our study demonstrates a significant difference between
the bacterial contaminations of raw beef in Nigeria and Finland, along with a possible misuse of cephalosporins
in animal husbandry in Nigeria.

1. Introduction
Meat, including beef, is an important source of high-quality nutri
tion, such as proteins and essential amino acids, valuable vitamins and
trace elements for humans (Hocquette et al., 2018). Meat consumption is
highest in high-income countries, including Finland, and lowest in
low-income countries (Godfray et al., 2018). In Africa, the demand for
meat is increasing and meat consumption may be a status symbol,
especially in low-income countries (Zerabruk et al., 2019). However,
improper handling and sanitation practices along the meat production
chain may lead to high bacterial contamination of the meat and meat
contact surface (Rani et al., 2017). The rich protein content and suffi
cient water activity enable the easy growth of bacteria in the meat,
leading to spoilage. Spoiled meat is unpleasant and unsuitable for con
sumption, causing enormous economic loss (Azuamah et al., 2018).
Meat production and consumption are also associated with potential
food safety risks (Li et al., 2019).

Foodborne infections are common worldwide, exhibiting clear
regional variations (Hoffmann et al., 2017). Foodborne infections
related to meat are a global public health concern due to the high risk of
bacterial contamination of meat by several types of pathogens (Tesson
et al., 2020). Non-typhoidal Salmonella enterica, Campylobacter, and
Shigatoxin-producing Escherichia coli (STEC) are common findings
worldwide in livestock including cattle, which is an important reservoir
of these pathogens and an important contamination source of raw beef
(Li et al., 2019). Campylobacter, Salmonella, STEC, and enteropathogenic
Yersinia are the most common bacterial pathogens causing foodborne
diseases in Europe, and Salmonella and STEC are the most important
public health hazards associated with contaminated raw beef (EFSA and
ECDC, 2019). Listeria monocytogenes can be found in many foods in the
EU, including meat. Listeriosis is a relatively rare disease, but it is one of
the most severe foodborne diseases, with a high mortality rate especially
among the elderly and immunosuppressive patients (Chlebicz and
Śliżewska). Beef is also a suspected exposure route for
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antimicrobial-resistant bacteria entering humans (Zhang et al., 2020).
Gram-negative bacteria in particular, which are resistant to critically
important antimicrobials (e.g. 3rd generation cephalosporines and
quinolones) used in human medicine, have become an increasing
problem (World Health Organization, 2017).
Consumer demand for beef is increasing in Nigeria (Famubo et al.,
2020). However, hygiene practices remain poor along the meat pro
duction chain, and one of our aims was therefore to study bacterial
contamination on the surface of raw beef at the retail level in Nigeria.
Furthermore, we wanted to compare the bacterial contamination levels
and presence of foodborne pathogens on raw beef surfaces from open
meat markets in Benin City, Nigeria with raw beef from small-scale
shops in Helsinki, Finland. Small-scale meat shops, including halal
meat shops, are rare in Finland and have not been studied before. We
also wanted to investigate the prevalence of 3rd generation cephalo
sporin -resistant E. coli on beef in Nigeria and Finland, which are two
countries with differing usage levels and control of antimicrobials.

2.3. Pathogen screening by PCR
Presences of the rrn gene from Campylobacter, ttr from Salmonella, ail
from Yersinia, stx from E. coli, and mpl from Listeria were screened by
PCR according to Sauvala et al. (2019). DNA was extracted from 100 μl
of the overnight enrichment (ON for 18–20 h at 37 ◦ C BPW) using
Chelex™100 resin (BioRad, Hercules, California). PCR-positive samples
were plated on selective agar plates (Labema) after ON: an XLD plate for
Salmonella, CHROMagar™STEC for STEC, and CHROMagar™Listeria
for Listeria (Labema). All plates were incubated at 37 ◦ C for 24–48 h.
Salmonella and STEC isolates were identified by PCR targeting ttr for
Salmonella and stx1 and stx2 for STEC. Additionally, the isolates were
identified with an API20E test (Biomérieux, Marcy-l’Etoile, France).
Serotyping of L. monocytogenes was performed by commercial antisera
(Denka Seiken, Japan).
2.4. Isolation of 3rd generation cephalosporin -resistant Escherichia coli
(CREC)

2. Materials and methods

From the ON enrichment, 100 μl was plated on MacConkey agar
(Labema) supplemented with 1 mg/l cefotaxime and incubated at 44 ◦ C
for 18–24 h. Typical colonies were plated on blood agar for a pure
culture. Identification was performed by gram staining, an oxidase test,
and an API20E test (Biomérieux). Antimicrobial susceptibility testing
was conducted using the disc diffusion method for two 3rd generation
cephalosporins: cefotaxime 5 μg (Oxoid, Basingstoke, UK) and ceftazi
dime 10 μg (Neo-Sensitabs, Rosco, Denmark). An isolate was resistant to
3rd generation cephalosporins if it showed zone sizes for cefotaxime (5
μg) below 21 mm and below 22 mm for ceftazidime (10 μg) according to
EUCAST (Giske et al., 2018).

2.1. Sampling and sample preparation
In total, 100 unpacked raw beef samples from Finland and Nigeria
were studied in 2019 (Table 1). Meat cuts were bought from five (A–E)
small-scale halal meat shops in Helsinki, Finland on eight days and from
five open meat markets (F–I) located in Benin City, Nigeria on five
different days. A sterile cotton bud was used to swab a 10 cm × 10 cm
surface area of the meat cut. Meat samples included five meat types
(Table 1). Only one cut of the same meat type was collected from same
vendor per day. In total, 11 samples from the brisket, 9 from the round,
and 10 each from the chuck, fore and hindshank were sampled in both
countries.

2.5. Antimicrobial susceptibility testing with a broth microdilution method

2.2. Bacterial counts

Antimicrobial susceptibility was tested according to CLSI guidelines
(Clinical Laboratory standards, 2018) using a broth microdilution
method (VetMIC™, National Veterinary Institute SVA, Uppsala, Swe
den). The panel of 15 antimicrobial agents included in the VetMIC GNmo (version 9) was used for all Salmonella isolates and for 6 CREC iso
lates including the only isolate found in Finland and 5 from different
markets in Nigeria.

Each swab was mixed in 10 ml of buffered peptone water for 60 s
(BPW, Labema, Kerava, Finland). The number of mesophilic aerobic
bacteria (MAB) and thermotolerant coliform bacteria (TCB), also called
presumptive Escherichia coli, were determined using Nordic guidelines:
NMKL86 for MAB and NMKL125 for TCB (NMKL, 2005, 2013). Tenfold
dilutions (10− 1–10− 8) were plated in duplicate on plate count agar
(PCA, VWR, Germany) and violet red bile (VRB, Labema) agar plates for
MAB and TCB, respectively. PCA plates were incubated at 30 ◦ C for
24–48 h and TCB plates at 44 ◦ C for 24 h.

2.6. Statistical analyses
SPSS®26 statistical software (IBM Corp., Armonk, NY, USA) was
used for statistical analyses. MAB and TCB counts were log-transformed
before analyses. Normality of continuous variables (MAB and TCB) was
tested with the Shapiro-Wilk test. Non-parametric tests were used for

Table 1
Beef samples collected in Helsinki, Finland (N = 50) and in Benin City, Nigeria (N = 50) in 2019.
Country

Sampling locationa

Number of samplesb

Finland

A
B
C
D
E
F
G
H
I
J

16
9
8
9
8
10
10
10
10
10

Nigeria

Meat type
Brisket

Foreshank

Hindshank

Round

Chuck

2
0
0
5
4
2
0
3
2
4

4
3
3
0
0
2
3
2
1
2

4
3
2
1
0
1
3
2
2
2

2
0
0
3
4
3
0
2
3
1

4
3
3
0
0
2
4
1
2
1

a

Small-scale halal meat shops in Helsinki and open meat markets in Benin City.

b

In Finland, 2–3 meat types from 1 to 3 shops per day over 8 days were collected and in Nigeria, 2–3 meat types from 2 markets over 5 days were collected.
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both continuous (MAB and TCB) and categorical (country, pathogen)
variables. Mann-Whitney U test and Kruskal-Wallis test were used for
continuous variables and Fisher’s exact test for categorical variables. P
< 0.05 was statistically significant.

Table 3
Mesophilic aerobic bacteria (MAB) and thermotolerant coliform bacteria (TCB)
counts found on beef in Finland and Nigeria.
Bacteria

Limitsa

3. Results
The median values of MAB on raw beef surfaces from Finland and
Nigeria were 6.7 and 7.5 log10 cfu/cm2, respectively, and the median
TCB values were 2.8 and 4.0 log10 cfu/cm2, respectively (Table 2). The
median values of both MAB and TCB were significantly higher on beef
from Nigeria than from Finland (Mann-Whitney U test, P < 0.001).
Contamination levels between different meat sample types from
Finland differed significantly when adjusted by Bonferroni correction
(Kruskal-Wallis test, P < 0.01): the highest median MAB count of 6.9
log10 cfu/cm2 was found on beef samples originating from the brisket
and the lowest (5.7 log10 cfu/cm2) were found on the hindshank meat.
The highest median TCB counts (3.0 and 3.1 log10 cfu/cm2) were
observed on the brisket and round meats, respectively, and the lowest
(2.6 log10 cfu/cm2) were found from the shank samples. No significant
differences (P > 0.05) were obtained between the sample types from
Nigeria. Significant differences (Kruskal-Wallis test, P < 0.02) were also
observed between the shops in Finland but not between the markets in
Nigeria. The median MAB and TCB counts were highest in samples from
shops D and E. In these shops, almost all samples (16/17) were taken
from the brisket and round meats (Table 1). We found some significant
differences between the median MAB and TCB counts for different
sampling days on beef surface samples from Finland. The highest me
dian counts of MAB and TCB were observed on two out of eight sampling
days. On these days, most samples (16/20) were collected from shops D
and E.
Almost 50% of the raw beef samples from small-scale shops in
Finland were unsatisfactory based on limits for MAB counts set by the
EU for raw beef (Table 3). However, all samples were at least acceptable
based on the TCB counts. Our limits for TCB were based on the limits for
E. coli set by the EU and multiplied by 10 (Table 3). Nearly all (94%) raw
beef samples from open meat markets in Nigeria were unsatisfactory
based on the MAB counts and all were unsatisfactory based on the TCB
counts (Table 3).
Salmonella (ttr) and STEC (stx) were frequently detected on the

MAB

m

TCB

M
mb
Mb

Log cfu10/
cm2

Judgement

No. of carcasses

<5.7
5.7–6.7
>6.7
<2.7
2.7–3.7
>3.7

Satisfactory
Acceptable
Unsatisfactory
Satisfactory
Acceptable
Unsatisfactory

Finland N
= 50

Nigeria N
= 50

12 (24%)
15 (30%)
23 (46%)
19 (38%)
31 (62%)
0

0
3 (6%)
47 (94%)
0
0
50 (100%)

a

Limits for raw meat in Commission Regulation (EC) No 2073/2005.

b

Escherichia coli limits were multiplied by 10.

surface of raw beef samples in Nigeria by PCR (Table 4). No Salmonella
was detected on beef samples in Finland. Both Salmonella (ttr) and STEC
(stx) were significantly (Fisher’s exact test, P < 0.001) more often
detected on beef samples in Nigeria. Campylobacter (rrn) was detected on
2% of the samples and no Yersinia (ail) was detected in either country.
Listeria (mpl) was detected more often on raw beef in Finland than in
Nigeria; however, the difference was not significant (P > 0.05).
Salmonella spp. was isolated from 15 of 21 PCR-positive raw beef
samples from meat markets in Nigeria but not from any shops in Finland
where it was not detected by PCR (Table 5). STEC was isolated from 18
of 50 PCR-positive beef samples from Nigerian meat markets. Most (17/
18) of the culture-positive samples were contaminated with stx2-posi
tive STEC. STEC was isolated from six of 9 PCR-positive beef samples in
Finland, four of which were stx1-positive and two were stx2-positive
STEC. Most (96%) beef samples from Nigerian meat markets were
contaminated with CREC, while only one (2%) sample in Finland was
contaminated. L. monocytogenes was isolated from only one raw beef
sample, which originated from a meat shop in Finland. It belonged to
serotype 1/2a. No Campylobacter was isolated from any beef samples.
Salmonella isolates from 15 Nigerian beef samples were sensitive to
most (14/15) of the tested antimicrobials (Table 6). Only resistance to
ciprofloxacin was observed. Additionally, we also tested six CREC iso
lates (one from Finland and 5 from Nigeria) with the VetMIC™ test. All

Table 2
Median values (log10 cfu/cm2) of mesophilic aerobic bacteria (MAB) and thermotolerant coliform bacteria (TCB) found on the surface of raw beef in Finland and
Nigeria in 2019.
Country
Finland
Meat type

Shop

Nigeria
Meat type

Meat market

Sampling

Brisket
Chuck
Froreshank
Hindshank
Round
A
B
C
D
E
Brisket
Chuck
Foreshank
Hindshank
Round
F
G
H
I
J

Number of samples

MAB

50
11
10
10
10
9
16
9
8
9
8
50
11
10
10
10
9
10
10
10
10
10

3

TCB

Median

Min-Max

Median

Min-Max

6.7
6.9
6.5
6.3
5.7
6.7
6.3
6.4
6.4
6.9
6.9
7.5
7.5
7.8
7.8
7.6
7.5
7.1
7.9
7.4
7.5
7.8

4.3–8.0
6.4–8.0
4.5–7.4
4.8–6.9
4.3–6.9
6.5–7.8
4.3–7.8
4.8–7.4
5.3–7.0
6.5–8.0
6.5–7.4
6.6–9.4
6.6–8.2
7.2–9.4
7.1–8.2
7.1–8.9
6.6–8.7
6.6–8.0
7.1–8.1
7.1–8.7
7.3–7.8
6.8–9.4

2.8
3.0
2.7
2.6
2.6
3.1
2.7
2.7
2.6
3.0
3.0
4.0
4.0
4.0
3.9
3.9
4.1
4.0
4.0
4.0
4.0
4.0

1.8–3.4
2.0–3.4
1.8–3.1
2.5–3.0
1.8–3.0
2.7–3.2
2.2–3.1
2.5–3.0
1.8–3.0
2.7–3.2
2.0–3.4
3.8–4.2
3.8–4.2
3.9–4.2
3.8–4.1
3.8–4.2
3.9–4.2
3.8–4.2
3.8–4.2
3.8–4.1
3.9–4.1
3.8–4.2
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Table 4
Prevalence of foodborne pathogens on raw beef surfaces in Finland and Nigeria by PCR.
Pathogen
Campylobacter
Salmonella
Yersinia
STEC
Listeria

Target gene

Finland (N = 50)

rrn
ttr
ail
stx1+stx2
mpl

Nigeria (N = 50)
a

Positives

%

95%CI

1
0b
0
9b
16

2.0
<2.0
<2.0
18.0
32.0

0.1–10.6
0.0–7.1
0.0–7.1
8.6–31.4
19.5–46.7

Positives

%

95%

1
21c
0
50c
9

2.0
42.0
<2.0
100.0
18.0

0.1–10.6
28.2–56.8
0.0–7.1
92.9–100.0
8.6–31.4

a

Clopper-Pearson exact test.

b

And c differ significantly from each other at the 0.05 level using Fisher’s exact test with Bonferroni correction.

beef meat is most probably due to poor hygiene and sanitation during
slaughtering, transportation, and handling at the retail level (Teshome
et al., 2020). Also, storage at abusive temperatures allows bacterial
growth. The very high TCB counts in Nigeria indicate high contamina
tion during the meat production chain combined with improper storage
temperatures.
Almost 50% of the raw beef samples from small-scale shops in
Finland were unsatisfactory according to the MAB counts, which in
dicates low microbial quality and inappropriate shelf lives of these
products. The beef samples were collected from small shops where meat
was sold unpackaged. Poor hygiene during handling may be one reason
for the relatively high bacterial loads. However, no beef samples were
unsatisfactory according to the TCB counts, showing relatively low
E. coli contamination in Finland.
The beef samples included five meat types (brisket, chuck, fore/hind
shanks, and round meat) collected from five meat markets in Nigeria,
and no significant differences in bacterial counts were observed between
the sample types and sampling locations. A significantly higher micro
bial load was observed in Finland on the surface of the brisket and round
meats, and on the samples from shops D and E. Interestingly, nearly all
samples collected from shops D and E were brisket and round meats.
Whether the meat type was the reason for the higher bacterial loads in
shops D and E or whether the hygiene practices were improper in these
shops remains unclear. The bacterial counts were highest on two sam
pling days, and most of the samples on these days were from shops D and
E, which further indicates that these shops had hygiene problems. No
significant differences were observed between the sampling days in
Nigeria.
Very high prevalence of Salmonella (42%) and STEC (100%) were

Table 5
Isolation rates of Salmonella, Listeria monocytogenes, stx-positive Escherichia coli
(STEC), and 3rd generation cephalosporin -resistant Escherichia coli (CREC) on
raw beef meat.
Bacterium
Salmonella
Listeria monocytogenes
STEC
CREC

Number of positive samples
Finland (N = 50)

Nigeria (N = 50)

0 (<2%)
1 (2%)
6 (12%)
1 (2%)

15 (30%)
0 (<2%)
18 (36%)
48 (96%)

isolates were resistant to β-lactams and quinolones (Table 6). Multi
resistance was observed in five out of six isolates.
4. Discussion
We assessed the bacterial quality of raw beef at the retail level in
Finland and Nigeria with MAB and TCB counts. We were able to
demonstrate that the bacterial load on the raw beef surfaces from meat
markets in Benin City were significantly higher compared with the raw
beef from small-scale shops in Helsinki. However, the bacterial load of
the Nigerian beef was slightly lower compared with the bacterial load of
raw beef recently reported in Ethiopia (Teshome et al., 2020). Only 38%
of the Nigerian samples could be judged as satisfactory according to EU
limits for MAB (Commission regulation (EC) 2073/2005). For the TCB
counts, we used the EU limits for E. coli multiplied by 10. Using these
limits, all the beef sampled in Nigeria were unsatisfactory. No Nigerian
microbial limits for raw meat are available. The high bacterial load of

Table 6
Antimicrobial susceptibility among Salmonella and 3rd generation cephalosporin-resistant Escherichia coli (CREC) isolates using the VetMIC™ test.
Antimicrobial Agent

Antimicrobial classes

a

Ampicillin
Cefotaxime
Ceftazidime
Streptomycin
Gentamycin
Chloramphenicol
Florfenicol
Ciprofloxacin
Enrofloxacin
Nalidixic acid
Tetracycline
Sulfamethoxazol
Trimethoprim
Trimethoprim/Sulfamethoxazole
Colistin

В-Lactam
В-Lactam
В-Lactam
Aminoglycoside
Aminoglycoside
Chloramphenicol
Chloramphenicol
Quinolone
Quinolone
Quinolone
Tetracycline
Sulphonamide
Diaminopyrimidine nhibitor (DI)
DI/Sulphonamide
Polymyxin

CREC (N = 6b)

Salmonella (N = 15)
MIC (mg/ml)

Susceptible isolates

MIC (mg/ml)

Susceptible isolates

8
0.5
2
16
2
16
16
0.06
0.25
8
8
256
2
0.5
2

15
15
15
15
15
15
15
7
15
15
15
15
15
15
15

8
0.25
0.5
16
2
16
16
0.06
0.125
8
8
64
2
0.25
2

0
0
0
1
5
4
6
0
0
5
2
2
2
3
6

a

Minimum inhibitory concentration using epidemiological cut-off values (ECOFF) according to EUCAST 2021 (https://mic.eucast.org/search/).

b

CREC isolates including five from Nigeria and the only one found in Finland.
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found on the Nigerian raw beef samples by PCR screening. The isolation
rates of Salmonella (30%) and STEC (36%) were also high, which sug
gests high contamination levels of these pathogens in the Nigerian
samples. Salmonella prevalence on Nigerian beef surfaces in our study
was higher compared to studies reported in a recent review from Africa
(Thomas, K. M. et al., 2020). However, a similar isolation rate (30%) of
STEC in beef products in Benin City, Nigeria has been reported before
(Omoruyi et al., 2018). No Salmonella was detected in Finland, and the
STEC prevalence was also significantly lower than in Nigeria. One
explanation for the lack of Salmonella detected in Finland is most
probably the very low (<1%) Salmonella prevalence in beef due to the
highly effective Finnish Salmonella Control Program (Maijala et al.,
2005). The significantly lower TCB counts on Finnish beef surface
samples compared with Nigerian samples most likely also reflects the
significantly lower STEC counts detected on Finnish samples. A recent
review on the quantitative risk assessment of beef meat reported that
carrier animals at the farm, dehiding, and chilling at the slaughterhouse,
along with storage temperatures at the retail level were the most
important risk factors for Salmonella and STEC contamination in beef
meat (Tesson et al., 2020).
No enteropathogenic Yersinia were detected on any beef meat surface
samples. Pathogenic Y. enterocolitica and Y. pseudotuberculosis have
rarely been detected in cattle and beef, which may explain the negative
results for beef in our study (Fredriksson-Ahomaa et al., 2018). How
ever, enteropathogenic Yersinia have sporadically been found in pigs
and sheep in Nigeria in an earlier study (Okwori et al., 2009).
Campylobacter was detected very rarely (2%) in both countries by PCR.
Beef surface, especially when dry, does not foster the growth or even the
survival of Campylobacter (Murphy et al., 2006). The risk of foodborne
transmission of Campylobacter through beef has recently been shown to
be low (Inglis et al., 2020). Listeria prevalence was higher on beef sur
faces in Finland (32%) compared with Nigeria (18%) by PCR. One
reason can be that the samples in Finland were refrigerated but not in
Nigeria. L. monocytogenes was isolated from only one sample in Finland.
It belonged to serotype 1/2a, which is one of the most common sero
types associated with human listeriosis (Chlebicz and Śliżewska).
L. monocytogenes may cause public health problems, especially if the
contaminated beef is stored at refrigerator temperatures for a prolonged
time, which favors the growth of psychotropic bacteria, such as Listeria.
A listeriosis outbreak was recently reported in South Africa, which was
linked to contaminated ready-to-eat processed meat containing beef
(Thomas, J. et al., 2020).
The prevalence of 3rd generation cephalosporin-resistant E. coli on
the beef meat surfaces was very high in Nigeria. CREC was isolated from
almost all (96%) Nigerian meat samples but from only one Finnish
sample. One reason for the high prevalence of CREC was probably the
very high TCB counts on the meat surfaces, indicating fecal contami
nation of the meat samples in Nigeria. Another reason may be common
overuse and misuse of antimicrobials in husbandry in Africa, which may
lead to increased numbers of antimicrobial-resistant bacteria (Alonso
et al., 2017). In Nigeria, farmers can purchase veterinary drugs without
veterinary prescriptions or supervision (Adesokan et al., 2015; Alhaji
and Isola, 2018). The low prevalence of CREC (2%) on the beef surface
samples in Finland may partly be explained by the strict control and
documented use of antimicrobials in husbandry and because cephalo
sporins are very rarely used for treating diseases in food animals in
Finland (Nykäsenoja et al., 2019). We also studied selected CREC iso
lates with the broth microdilution method. All isolates were resistant to
β-lactams, including 3rd generation cephalosporins and quinolones, but
resistance to several other antimicrobials was also shown.
Multiresistant Salmonella has previously been found in a beef
slaughterhouse in Nigeria from the environment, equipment, and beef
carcasses (Okafor et al., 2020). Surprisingly, all Salmonella isolates in
our study were sensitive to most (14/15) of the antimicrobials, including
cephalosporins, when using the broth microdilution method. Suscepti
bility to 3rd generation cephalosporins was confirmed with the disc

diffusion method. Only resistance to ciprofloxacin (53%) was observed.
Ciprofloxacin resistance among Salmonella isolates from food animals in
Nigeria has been confirmed in a review (Oloso et al., 2018). Tetracy
clines, β-lactams/aminoglycosides, sulfonamides, and fluoroquinolones
have been reported to constitute the majority of antimicrobials used in
husbandry in Nigeria (Adesokan et al., 2015; Alhaji and Isola, 2018).
Increasing
prevalence
of
cephalosporin
resistance
and
plasmid-mediated quinolone resistance genes have been reported in
Africa (Alonso et al., 2017). Overuse and misuse of quinolones in Nigeria
may be one reason for the quinolone resistance observed among Sal
monella and CREC isolates in our study.
5. Conclusions
Bacterial contamination levels of raw beef meat were significantly
higher in Nigeria than in Finland, indicating poor working hygiene and
sanitation along the meat production chain in Nigeria. The TCB count
and the prevalence of Salmonella, STEC, and CREC were also high on the
meat surfaces from Nigeria, indicating heavy contamination and likely
improper cold storage. Proper heat treatment of beef meat is essential to
avoid public health risks, especially in Nigeria. A high prevalence of
CREC was observed on Nigerian beef meat surfaces, indicating the high
use of cephalosporins in husbandry.
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