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A study was conducted to determine the occurrence of vancomycin resistant S. aureus (VRSA) in milk in
Nigeria. Fourty seven S. aureus were isolated from the 372 milk samples examined, out of which 20 (5.4%)
were vancomycin-resistant. Fifteen (4%) of the VRSA were isolated from raw milk, 4 (1.1%) from bulk milk
and 1 (0.3%) from pasteurized milk. No significant difference (P > 0.05) between the occurrence among the
study variables was observed, . No VRSA occurred in the yogurt and ‘kindirmo’ samples examined. The
decrease in the occurrence of the pathogen from raw milk to pasteurized milk and its absence in yogurt
and ‘kidirmo’ suggest that pasteurization and fermentation may have eliminated most of the organisms. The
resistance profiles of the VRSA isolates to other antibiotics showed high resistance to penicillin (100%),
tetracycline (85%), amoxicillin (65%), methicillin (40%) and oxacillin (40%), but low to amikacin (5%) and
sulphamethoxazole/trimethoprim (10%). None of the isolates were resistant to chloramphenicol and
ciprofloxacin. The multiple antibiotic resistance index result revealed that 80% of the VRSA were resistant
to 3 or more antibiotics. The presence of VRSA coupled with the multple resistance patterns of these
isolates are of great concern and also of public health significance. Therefore more studies on the
epidemiology of this pathogen in foods are required.
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INTRODUCTION

In an attempt to isolate methicillin-resistant S. aureus
(MRSA) in fresh and fermented milk in Zaria and Kaduna,
Nigeria, significant percentage of the isolated S. aureus
were discovered to be vancomycin resistant following
antibiotic resistance testing. This is of great concern
since vancomycin is the drug of choice after the failure of
methicillin, coupled with the fact that vancomycin
resistance is rarely reported even in clinical cases. This
report, therefore serves as preliminary information on the
occurrence of vancomycin resistant Staphylococcus
aureus (VRSA) in fresh and fermented milk in Zaria and
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Kaduna, Nigeria. Staphylococcus aureus (S. aureus) is
one of the bacteria that have developed resistance to
most classes of antibiotics including methicillin (Weigel et
al., 2007). Vancomycin then became a drug of choice for
the treatment of infections with S. aureus and methicillin-
resistant Staphylococcus aureus (MRSA), until in 1996
when the first Vancomycin-resistant Staphylococcus
aureus (VRSA) was isolated from a Japanese patient
(Hiramatsu, 2001). Subsequently, it was isolated in USA,
France, Korea, South Africa, and Brazil (Hiramatsu,
2001; Weigel et al.,, 2007). Vancomycin-resistant
Staphylococcus aureus (VRSA) is therefore, a strain of
Staphylococcus aureus that is resistant to the antibiotic
glycopeptide, vancomycin (Chang et al., 2001). The
resistance is acquired by mutation and thickening of cell
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wall due to accumulation of excess amounts of
peptidoglycan.

In Nigeria, resistant pathogens including VRSA have
been detected in both hospital and non-hospital sources
(Olayinka et al., 2006; Onanuga et al.,, 2006), but
however literature is scarce on the prevalence of both
MRSA and VRSA in foods (Umaru et al.,, 2011). The
current information regarding the prevalence of MRSA in
fresh and fermented milk in Zaria and Kaduna, Nigeria is
the one reported by Umaru et al. (2013) in which mec A
positive MRSA were detected with a prevalence of 4.8%
(Umaru et al., 2013). This report therefore, provides
preliminary information on the occurrence of VRSA in
milk in Nigeria.

MATERIAL AND METHODS
Study Areas and Samples Collection

The study was conducted in Kaduna and Zaria, Kaduna
State, Nigeria and covered villages and herds of cattle
supplying two peri-urban dairy groups (MILCOPAL in
Kaduna and NAPRI in Zaria). Three hundred and seventy
two (372) milk samples were collected during the study
period. This comprised 300 raw milk (collected directly
from individual cows during milking), 18 raw pooled milk
(collected after all the milk from individual cows were
pooled in one container), 17 pasteurized milk and yogurt
(collected from the two yogurt processing plants) and 20
‘kindirmo’ (locally fermented milk) collected from the local
Fulani processors. All the samples collected were placed
on ice and transported to the Ilaboratory were
bacteriological examinations were conducted.

Isolation of Staphylococci from Milk Samples

All the samples were cultured on Baird Parker Medium
(Oxoid, Basingstoke, England), which was prepared
according to the manufacturer's instruction, and
incubated aerobically at 37° C for 24 hours (Tamagnini et
al., 2006).

Pure colonies of each isolate, which were typically
grey-black with narrow white margin surrounded by zone
of clearing were obtained by streak plating and inoculated
onto nutrient agar slants and stored prior to identification
(O’ Brieen et al., 2009).

Identification of the Staphylococcus Aureus

The identifications were done using colony morphology,
gram staining characteristics and biochemical tests
namely; catalase, coagulase, DNase and sugar
fermentation (Cheesbrough, 2003; Japoni et al., 2004). S.
aureus ATCC 3359 strain was used as a positive control.

Antimicrobial Resistance of Coagulase Positive S.
Aureus

Antimicrobial resistance was performed by Kirby- Bauer
disk diffusion method as recommended by Clinical
Laboratory Standards Institute (CLSI) (Bauer et al., 1996;
CLSI, 2006). All isolates were grown in Brain Hearth
Infusion broth (Biotech Laboratories, United Kingdom)
and incubated at 37° C for 6 hours until the turbidity
equivalent to 0.5 McFarland standards was achieved.
The isolates were then swabbed onto Mueller Hinton
Agar (Amershan, England) before the application of the
antimicrobial discs. The isolates were tested against a
panel of twelve (Hanselman et al., 2006) antibiotics with
the following concentrations: amikacin (30 pg), amoxicillin
(30 pg), chloramphenicol (12 pg), ciprofloxacin (5 pg),
erythromycin (5 pg), gentamicin (10 pg), methicillin (10
Ha), oxacillin a pg), penicillin (a0 V),
sulphamethoxazole/trimethoprim (5 pg), tetracycline (30
Kg) and vancomycin (30 pg) (Oxoid, England). Zones of
inhibition (ZI) were measured and recorded after 24
hours of incubation at 35° C, and were interpreted
according to the guidelines of the CLSI (CLSI, 2006).
The isolates that were resistant to vancomycin (ZI <
15mm) were regarded as vancomycin-resistant
Staphylococcus aureus (VRSA) while those that were
susceptible were termed vancomycin-susceptible. S.
aureus ATCC 3359 strain was used as a positive control.

Multiple Antibiotic Resistance Index (Mari)

The multiple resistance indexes were determined for
each VRSA isolates by dividing the number of antibiotics
to which the isolate is resistant to by the total number of
antibiotics tested (Olayinka et al., 2005).

Data Analysis

Data obtained from the study were analyzed statistically
using Statistical Package for Social Sciences (SPSS)
Version 13 software. Frequencies were obtained and
percentages for study variables were calculated. Chi-
square and Fisher’s exact tests at 5% level of confidence
were used to perform categorical comparisons and
determination of significance. A P value < 0.05 was
considered significant for all comparisons.

RESULTS

The results obtained from the study showed that 47 of the
372 milk samples examined were positive for coagulase
positive S. aureus while 20 were vancomycin resistant.
This gave a prevalence of 5.4% of VRSA (Table 1). The
prevalence was significantly higher (P < 0.05) in Kaduna
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Table 1. Prevalence of staphylococci and vancomycin-resistant Staphylococcus aureus (VRSA) in fresh and
fermented milk in Zaria and Kaduna, Nigeria.

Location No. of samples No.(%) No.(%) No. (%)
Coagulase Coagulase VRSA
negative Positive
staphylococci staphylococci
Kaduna 196 49(25.0) 27(13.8) 7(3.6)
Zaria 176 31(17.6) 20(11.4) 13(7.4)
Total 372 80(21.5) 47(12.6) 20(5.4)

Table 2. Prevalence of staphylococci and vancomycin-resistant Staphylococcus aureus (VRSA) according to the type of
sample examined in Zaria and Kaduna, Nigeria.

Type of sample No. of sample No.(%) Coagulase No.(%) Coagulase No. (%) VRSA
tested negative Positive
staphylococci staphylococci
Raw milk 300 75(20.2) 36(9.7) 15(4.0)
Bulk milk 18 3(0.8) 9(2.4) 4(1.1)
Pasteurized 17 1(0.3) 1(0.3) 1(0.3)
Milk

Yogurt 17 0(0.0) 0(0.0) 0(0.0)
Kindirmo* 20 0(0.0) 1(0.3) 0(0.0)
Total 372 80(21.5) 47(12.6) 20(5.4)

* Local processors

(7.4%) than in Zaria (3.6%). The distribution of the VRSA Antibiotic Resistance Profile of The Vrsa Isolates
among the different types of samples examined is shown

in Table 2. Fifteen (4 %) of the VRSA were isolated from The resistance patterns of the 20 VRSA isolates are,
raw milk, 4 (1.1 %) from bulk milk and only 1 (0.3 %) from Amikacin (5%), amoxicillin (65%), erythromycin (50%),
pasteurized milk. No significant difference (P > 0.05) gentamicin (8%), methicillin (40%), oxacillin (40%),
exists between the occurrences among the study penicillin (100%), sulphamethoxazole/trimethoprim (10%)
variables. No VRSA was isolated from yogurt and and tetracycline (85%). None of the VRSA isolate was
‘kindirmo’ samples examined (Table 2). resistant to both chloramphenicol and ciprofloxacin (Table3).
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Table 3. Antimicrobial resistance profile of S. aureus and VRSA isolated from fresh and fermented milk in

Zaria and Kaduna, Nigeria.

Antibiotic Coagulase positive S.aureus VRSA
n= 47 n= 20
Amikacin 1(2.1) 1(5)
Amoxicillin 21 (44.7) 13 (65)
Chloramphenicol 2 (4.3) 0 (0)
Ciprofloxacin 0 (0) 0 (0)
Erythromycin 15 (31.9) 10 (50)
Gentamicin 12 (25.5) 8 (40)
Methicillin 18 (38.3) 8 (40)
Oxacillin 22 (46.8) 8 (40)
Penicillin 47 (100) 20 (100)
Sulphamethoxazole/trimethoprim 3(6.4) 2 (10)
Tetracycline 15 (31.9) 17 (85)
Vancomycin 20 (42.6)

N. B. Numbers in parenthesis indicate percentages.

Table 4. Multiple resistance indexes of vancomycin-resistant Staphylococcus aureus (VRSA) isolated from Milk

samples in Kaduna and Zaria, Nigeria.

MAR Index No. of isolates % of isolates
0.1 1 5
0.2 2 10
0.3 5 25
0.4 1 5
0.5 11 55
Total 20 100

Determination of the multiple antibiotic resistance index
(MARI) of the isolates shows that 80% were resistant to 3

or more antibiotics with 55% of the isolates having the
highest MARI of 0.5 (Table 4).



DISCUSSION

Methicillin resistant Staphylococcus aureus (MRSA) is
common in humans in both hospital and non hospital
sources across the world (Japoni et al., 2004; Klevens et
al., 2007). Later, MRSA was detected in companion
animals (Cuny et al., 2010; Huber et al., 2010) and most
recently in foods (Tuirkyilmaz et al., 2010; Bhargava et
al., 2011; Umaru et al., 2013). However, a study on the
prevalence of MRSA in foods in Nigeria is scarce and
hence a study was carried out to determine the
occurrence and prevalence in fresh and fermented milk in
Zaria and Kaduna, Nigeria. Following antibiotic
susceptibility testing, significant percentage of the S.
aureus and MRSA were found to be resistant to
vancomycin. This is surprising and of concern since
vancomycin is rarely used in the treatment of animals in
these areas, coupled with the fact that vancomycin
resistance is rarely reported even in clinical cases.
Infections with and prevalence of vancomycin-resistant
Staphylococcus aureus (VRSA) have been documented
among ill and healthy humans across the world including
Nigeria (Hiramatsu , 2001; CDC, 2004; Olayinka et al.,
2005; Onanuga et al., 2006; Weigel et al., 2007; Chang
et al., 2009). Information is lacking on the occurrence of
VRSA in foods, which may serve as potential sources of
infections to humans.

Although, polymerase chain reaction (PCR) was not
conducted to detect van A gene, which is regarded as the
gold standard for vancomycin resistance, susceptibility
testing to 30 pg vancomycin discs (Oxoid, England) was
used as recommended by Clinical Laboratory Standards
Institute (CLSI, 2006).

In this study, an overall prevalence of 5.4% was
recorded. Presently, there is no data on the prevalence of
VRSA in foods in the study areas or in other locations for
comparison with this study. The only available data on
VRSA in the study area are the ones reported by Olyinka
et al. (2005) and Onanuga et al. (2005) with the
prevalence rates of 57.7% and 89.2% at University
Teaching Hospital, Zaria and among healthy women in
Zaria respectively. The samples used for their studies
were from humans, and which preclude any meaningful
comparison with the present study. The occurrence of the
VRSA among the different types of samples examined
showed that 15 (4.0 %) were isolated from raw milk, 4
(2.1 %) from bulk mik and only 1 (0.3 %) from
pasteurized milk. No VRSA was isolated from yogurt and
‘kindirmo’ samples examined (Table 2). The low
occurrence of the VRSA in the pasteurized milk and the
total absence in yogurt and ‘kidirmo’ samples suggest
that the efficient pasteurization and fermentation
procedures may have eliminated most of the pathogens.
These processes may therefore, be the recommended
measures for the elimination of VRSA in milk and also
controlling its spread and transmission to humans. The
occurrence of VRSA in these study areas where
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vancomycin is not being used in animals may suggest
either secondary contamination by handlers or
processors or direct transmission from humans to the
animal. Studies are required to prove this. Therefore
exposure to vancomycin may not necessarily be a factor
in the acquisition of resistance to vancomycin.

The resistance profiles of the VRSA isolates to other
antibiotics showed high frequency of resistance to
penicillin (100%), tetracycline (85%), amoxicillin (65%),
methicillin (40%) and oxacillin (40%), but low to amikacin
(5%) and sulphamethoxazole/trimethoprim (10%). All the
VRSA isolates were susceptible to chloramphenicol and
ciprofloxacin.

This connotes that amikacin,
sulphamethoxazole/trimethoprim, chloramphenicol and
ciprofloxacin could be reliably used in the treatment of
VRSA infections due to these strains in these areas.
Multiple resistance index results showed that 80% of the
isolates were resistant to 3 or more antibiotics, a
phenomenon known as multiple drug-resistance patterns
and indicating how dangerous these isolates could be. As
with many studies involving human isolates, MRSA were
reported to be highly or totally resistant to vancomycin
(Chang, 2003), while in some cases reduced
susceptibility was observed (Bukhar, 2004; Mehmood
and Usman, 2007; Kaleem et al., 2012).

CONCLUSION AND RECOMMENDATIONS

Methicillin-resistant Staphylococcus aureus (MRSA) was
initially regarded as a hospital pathogen (Hanselman et
al., 2006), but was later discovered outside the hospital
environment (Klevens et al., 2007; Cuny et al., 2010),
later in animals (Huber et al., 2009; Van Duijkeren et al.,
2011; Bhargava et al., 2011), and most recently in foods
(Tuirkilmaz et al., 2009; Bhargava et al., 2011; Umau et
al., 2013).

The occurrence of VRSA in milk may suggest its
presence in other foods and food animals. More studies
are recommended to prove this or otherwise. Although
VRSA is not common in Nigeria, its isolation in milk and
the unique multi-drug resistance patterns displayed, calls
for more studies and surveillance to forestall spread to
humans.
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