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Abstract: Staphylococcus aureus is considered a significant
public health concern, owing to its involvement in food poisoning
outbreaks. Milk and milk products are consumed by almost all
age groups and serves as a vital nutrition source. Being highly
nutritious milk serves as a promising matrix for the proliferation
of S. aureus and other potential pathogens. Rapid detection of
food-borne pathogens like S. aureus is vital for ensuring
consumer safety. Conventional methods are still considered as
the gold standard for pathogen detection in food matrices.
Analysis using these methods involves sample plating over
selective agar media, followed by microscopic analysis and
biochemical tests. Although phenotypic detection based on
colour and colony characteristics over selective and differential
media is indicative, its sensitivity is compromised by organisms
that display colony characteristics similar to the target organism.
In this study we attempted to identify organisms from milk matrix
showing characteristics similar to S. aureus over different agar
media that are claimed to be selective for S. aureus. Identification
of these organisms depicting S. aureus alike colony
characteristics and development of more selective media can help
to expedite S. aureus identification from milk and milk products
with more confidence.

Abbreviations: S. aureus, Staphylococcus aureus; BPA, Baird
Parker Agar; MSA, Mannitol Salt Agar; VJA, Vogel-Johnson Agar;
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Introduction

Food safety is a serious global public health concern, primarily
in densely populated areas. Staphylococcus aureus is one of the
most infamous and widely distributed bacterial pathogens,
producing large number of minor skin infections each year, as
well as millions of more serious, invasive infections worldwide.
Its involvement in food poisoning incidences is attributed to
high rate of human skin and nasal carriage, the ability of efficient
air-borne spread, and strong survival in fomites. These properties
also allow the organism to eradicate competing microorganisms
having less ability to endure conditions like elevated
temperatures, high osmotic pressure, and relatively low humidity
(Le et al. 2021). S. aureus, classified as a high-tier priority II
pathogen by the World Health Organization is linked to several
health problems in both humans and animals. Furthermore, it is
one of the most common causes of mastitis in cattle, sheep and
goats, resulting in significant reductions in milk output and quality,
as well as significant financial losses to dairy industry (Abril et
al. 2020). S. aureus can gain access to milk either through direct
excretion from infected udders with clinical or subclinical mastitis
or through contamination from the environment that occurs during
the processing of raw milk. Mastitis not only has a negative
impact on the production and composition of milk and results in
enormous economic losses, but also raises the cost of treatment,
decreases the production life span, boosts the rate of elimination
and is frequently accompanied by other diseases (Wang et al.
2021). In an earlier study, at least 50% of the dairy farms reported
that the entire cost of mastitis were < US$ 1.0/milking cow/day
(Vissio etal. 2015). Keeping the above in mind, rapid and accurate
identification of S. aureus becomes important. For S. aureus
identification, conventional method includes sample pre-
enrichment followed by plating over selective agar media.
Commonly used S. aureus selective media include Baird Parker
Agar (BPA), Vogel-Johnson Agar (VJA), and Mannitol Salt Agar
(MSA). Although analysis using these selective media is quite
efficient, their performance varies with sample matrices. However,
some S. aureus alike organisms have been reported to grow well
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over these selective and differential media with S. aureus alike
colony characteristics, making its presumptive identification false
and questionable. In this study, we attempted to identify
microorganisms from milk matrix having phenotypic
characteristics similar to S. aureus posing serious challenge to
isolation and identification.

Materials and Methods
Sample collection and processing

Raw milk samples including mixed milk (Cattle + Buffalo milk),
Goat milk (Beetle Goat), Yak milk, Sheep milk, Camel milk, and
Human milk were collected hygienically and transported to
laboratory under refrigerated conditions in pre-sterilized glass
bottles. Milk samples were serially diluted and appropriate
dilutions were spread plated over BPA and VJA for selective
pick-up of S. aureus alike colonies. Following overnight
incubation at 37°C, plates were observed for colonies with similar
characteristics to S. aureus. The colonies with desirable
characteristics (grey-black shiny over BPA and VJA) were
selected and processed for further identification.

Bacterial Identification

Individual bacterial colonies with characteristics similar to S.
aureus were picked up and transferred to Brain Heart Infusion
(BHI) broth and incubated overnight at 37°C. The microbial growth
from BHI broth was streaked on to BHI agar plates for
identification. Individual colonies were subjected to
morphological (Gram’s staining, Negative staining) and
biochemical identification (Catalase and Coagulase) tests (Becker
and von Eiff, 2011). Species level identification was carried out
by MALDI-ToF-MS facility at College of Veterinary Sciences,
Guru Angad Dev Veterinary and Animal Sciences University
(GADVASU). Briefly, pure single colony of test organism from a
non-selective agar was smeared onto a spot on MALDI-ToF
target plate. Smear was air dried and overlayed with 70% formic
acid (1pL) and allowed to dry at room temperature. After drying,
the spot was overlayed with HCCA solution (matrix) (1uL) and

Table 1 List of isolates used in the study

again allowed to air-dry at room temperature. Target plate was
introduced into the biotyper for real-time analysis (Zhu et al.
2015).

Results and Discussion

A total of 6 raw milk samples were used for isolation and
identification of organisms showing phenotypic characteristics
similar to S. aureus. From every milk sample around 50 colonies
(25 colonies from each media i.e. BPA and VJA) having
characteristics similar to S. aureus were picked up and transferred
to BHI broth for further analysis. All the isolates showed growth
in BHI broth and were streaked on to BHI agar for identification
by MALDI-ToF-MS. Apart from S. aureus, a total of about 90
isolates fall among six different genera and species viz.
Macrococcus caseolyticus, Lactococcus lactis, Lactococcus
garvieae, Enterococcus durans, Klebsiella pneumoniae and
Proteus mirabilis from mixed, yak, goat and camel milk (Table 1).
However, all the colonies picked up from sheep and human milk
were identified as S. aureus. All of the six isolates along with S.
aureus (ATCC 700698) were analysed for morphological and
biochemical properties. Out of 6 isolates, four were found to be
Gram positive (M. caseolyticus, L. lactis, L. garvieae, E. durans);
while two (K. pneumoniae, P. mirabilis) tarned out to be Gram
negative. Later, all the isolates were tested for their catalase and
coagulase activity. Among the isolates, M. caseolyticus, K.
pneumoniae and P. mirabilis were found to be catalase positive
and L. lactis, L. garvieae, and E. durans gave catalase negative
reaction. Isolates other than L. garvieae and L. lactis gave
coagulase positive reaction (Table 1). Figure 1 (a-f) presents the
colony characteristics of all the target strains alongside S. aureus
over respective agar media.

This study attempted to identify bacterial strains having colony
characteristics similar to S. aureus over selective and differential
agar media. Milk being a nutritious source for growth and
propagation of microbes often contributes to episodes of food-
borne infections. Identification and elimination of S. aureus alike
organisms from milk matrix can help in early pathogen detection
and also identification of scenarios like mastitis. In this study,
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Fig 1. Colony characteristics of S. aureus alike strains over BPA and VJA

raw milk samples were processed using standard protocols for
enumeration and detection of S. aureus. BPA and VJA were used
in this study as these two media are considered highly selective
for enumeration and detection of S. aureus and are recommended
by various national and international standards including IS,
ISO, BAM, FDA and AFNOR. Earlier, Kim et al., 2010 compared
five different selective media and reported BPA and VJA to be
highly sensitive and specific media for isolation of S. aureus
from food matrices. The sensitivity and specificity of BPA was
reported as 100% for isolation of S. aureus from agriculture
products (Kim et al., 2012). After incubation, grey-black shiny
colonies from BPA and VJA were selected for further identification.
Baird and Lee (1995) described colony characteristics of S. aureus
over BPA as black colonies with or without halos. The black
colony color is attributed to tellurite reduction. From all the
samples plated on two different selective media, 300 colonies
having similar characteristics like S. aureus were isolated and
subjected to identification using MALDI-ToF-MS. Even after
being represented as selective media for growth of S. aureus, 90

non staphylococcal isolates falling under different genera and
species were identified. Our results agree with the data presented
in oxoid manual which states that organisms other than S. aureus
can grow on BPA (Oxoid Manual 1998). Similar type of
observation of getting different type organisms on BPA was made
by Ledina et al. (2018). In this study cheese samples were plated
over BPA and the isolates were identified using MALDI-Tof-
MS. A large number of non-staphylococcal isolates were
identified from BPA including organisms from genus Macrococcus
and Enterococcus. Similarly, in a study targeting S. aureus from
water samples, majority of the isolates were identified as Proteus
spp. and Enterococcus spp. This study also explains that
although Baird-Parker agar is most commonly used to isolate
staphylococci, other bacteria known to tolerate tellurite and
polymyxin B, can also grow over it (Kaseem et al. 2008). It was
reported that organisms from genus Enterococcus were
selectively isolated on BPA due to their natural resistance against
tellurite present in BPA (Vandera et al. 2018). Earlier, Nelson and
George (1995) observed the growth of P. mirabilis, Escherichia
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Fig 2. Phylogenetic relationship between test strains

coli and Enterococcus faecium over BPA. In our study, among
non-staphylococcal bacteria isolated from BPA plates, M.
caseolyticus was the most abundant. M. caseolyticus was
formerly classified as Staphylococcus caseolyticus and is closely
related to staphylococci. M. caseolyticus is known to have close
evolutionarily relationship with S. aureus. Phylogenetic analysis
based on 16S and 23S rRNA sequences indicates that the two
genera share same ancestor (Tsubakishita et al. 2010). The
essential biological pathways of M. caseolyticus were also found
to be similar to those of staphylococci (Baba et al. 2009). These
two microorganisms also share some of the clinically relevant
resistance genes and due to presence of resistance genes carrying
plasmids it was suggested that horizontal gene transfer may have
occurred between Macrococcus and Staphylococcus species
(Chanchaithong et al. 2019; Schwendener et al. 2020). As M.
caseolyticus is typically considered commensal to livestock, it
was also identified in earlier studies in milk samples (Giannino et
al. 2009). Only a few reports are available on assessment of
selectivity and specificity of VJA and majority of them reported
use of this media for growth of Listeria monocytogenes. Up to
the best of our information, this is the first report showing the
growth of L. lactis, L. garvieae and E. durans over VJA from milk
matrix.

M. caseolyticus, L. lactis, L. garvieae and E. durans shared
colony characteristics with S. aureus over selective media and
were interestingly identical microscopically. These four strains
were cocci arranged in cluster, single or in pairs. S. aureus can
have different arrangements depending on the source, it can
occur as classic bunch like morphology or can occur in tetrad,
pair or single cell arrangement. Habib et al. (2015) observed
different arrangement of S. aureus isolated from different animal
sources. The gram-negative isolates (K. pneumoniae, P. mirabilis)
were observed to have rod shaped cells occurring singly or in
pairs. S. aureus could be distinguished from K. pneumoniae, P.
mirabilis, L. lactis, L. garvieae and E. durans on the basis of
catalase reaction. However, M. caseolyticus shared similar
morphology, catalase and coagulase reaction with S. aureus.

In order to understand the concept behind the utilization of
selective components meant for S. aureus by other organisms,
we analysed the phylogenetic information available for all the
organisms as presented in Figure 2. On connecting their
evolutionary footsteps, it was observed that four out of six test
organisms shared phylogeny with S. aureus. The most closely
related isolate was M. caseolyticus, which share same family
with S. aureus i.e Staphylococcaceae. Other isolates including L.
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lactis, L. garvieae and E. durans share same class Bacilli with S.
aureus. As clearly evident that L. lactis and L. gravieae shares
same genus so are very closely related to each other. These two
organisms are connected to E. durans at order level. All of these
three isolates belong to order Lactobacillales. All these
evolutionary connections indicate that these isolates may have
similar biochemical pathways and ability to grow on the selective
media specific for S. aureus. Two isolates, K. pneumoniae and P,
mirabilis do not share any evolutionary bond with S. aureus.

Conclusion

Food poisoning caused by S. aureus is a major public health
concern around the world and studies have reported
contamination of milk and milk-based products with S. aureus. In
order to deal with the food poisoning cases, accurate identification
of causative organisms is very crucial. In this study we focused
on S. aureus like microorganisms showing similar colony
characteristics and growing under similar growth conditions.
Identification of these microorganisms is very important to
formulate a media with improved selectivity and specificity for S.
aureus leading to more accurate and rapid conclusive results.
Knowledge in this area is steadily improving, but more research
is required, not only for improved characterization of S. aureus
but also to propose new media for inhibiting the S. aureus alike
strains and to minimize high economic losses caused by S. aureus
and its toxins to the dairy industry.

Conflict of Interest: None
References

Baba T, Kuwahara-Arai K, Uchiyama I, Takeuchi F, Ito T, Hiramatsu K
(2009) Complete genome sequence of Macrococcus caseolyticus
strain JSCS5402, reflecting the ancestral genome of the human-
pathogenic staphylococci. J Bacteriol 191: 1180-1190

Baird RM, Lee WH (1995) Media used in the detection and enumeration
of Staphylococcus aureus. Int J Food Microbiol 26: 15-24

Becker K, von Eiff C (2011) Staphylococcus, Micrococcus, and other
catalase-positive cocci. In book: Manual of Clinical Microbiology
Edited by Versalovic J, Carroll KC, Funke G, Jorgensen JH, Landry
ML, Warnock DW, 10" Edition. Chapter 19. ASM Press

Chanchaithong P, Perreten V, Schwendener S (2019) Macrococcus canis
contains recombinogenic methicillin resistance elements and the
mecB plasmid found in Staphylococcus aureus. J Antimicrob
Chemother 74: 2531-2536

Abril AG, Villa TG, Barros-Velazquez J, Cafias B, Sanchez-Pérez A, Calo-
Mata P, Carrera M (2020) Staphylococcus aureus exotoxins and
their detection in the dairy industry and mastitis. Toxins 12: 537

Nelson GM, George SE (1995) Comparison of media for selection and
enumeration of mouse fecal flora populations. J Microbiol Method
22: 293-300

Giannino ML, Marzotto M, Dellaglio F, Feligini M (2009) Study of microbial
diversity in raw milk and fresh curd used for Fontina cheese
production by culture-independent methods. Int J Food Microbiol
130:188-195

Habib FS, Rind R, Durani N, Bhutto AL, Buriro RS, Tunio AS, Aijaz N,
Lakho SA, Bugti AG, Shoaib M (2015) Morphological and cultural

characterization of Staphylococcus aureus isolated from different
animal species. J Appl Environ Biol Sci 5: 15-26

Kaseem II, Esseli MA, Sigler V (2008) Occurence of mecA in
Nonstaphylococcal pathogen in surface waters. J Clin Microbiol 46:
3868-3869

Kim HJ, Oh SW (2010) Performance comparison of 5 selective media
used to detect Staphylococcus aureus in foods. Food Sci Biotechnol
19: 1097-1101

Kim SR, Lee SH, Seo MK, Kim W, Park KH, Yun HJ, Yoon YH, Yoo SY,
Ryu KY, Yun JC, Kim BS (2012) Evaluation of Selective Media for
Isolation of Staphylococcus aureus from Agricultural Products. J
Food Hyg Saf 27: 169-175

Le HHT, Dalsgaard A, Andersen PS, Nguyen HM, Ta YT, Nguyen TT
(2021) Large-Scale Staphylococcus aureus Foodborne Disease
Poisoning Outbreak among Primary School Children. Microbiol Res
12: 43-52

Ledina T, Golob M, Djordjevic J, Magas V, Colovic S, Bulajic S (2018).
MALDI-TOF mass spectrometry for the identification of Serbian
artisanal cheeses microbiota. J Consum Prot Food Saf 13: 309-314

Oxoid Ltd. 1998. The Oxoid Manual, p. 2.43- 2.45. Oxoid Ltd.,
Basingstoke.

Schwendener S, Dona V, Perreten V (2020) The novel macrolide resistance
genes mef (D), msr (F), and msr (H) are present on resistance islands
in Macrococcus canis, Macrococcus caseolyticus, and Staphylococcus
aureus. Antimicrob Agents Chemother 64: ¢00160-20

Tsubakishita S, Kuwahara-Arai K, Baba T, Hiramatsu K (2010)
Staphylococcal cassette chromosome mec-like element in
Macrococcus caseolyticus. Antimicrob Agents Chemother 54: 1469-
1475

Vandera E, Tsirka G, Kakouri A, Koukkou Al, Samelis J (2018) Approaches
for enhancing in situ detection of enterocin genes in thermized
milk, and selective isolation of enterocin-producing Enterococcus
faecium from Baird-Parker agar. Int J Food Microbiol 281:23-31

Vissio C, Agiiero DA, Raspanti CG, Odierno LM, Larriestra AJ (2015)
Productive and economic daily losses due to mastitis and its control
expenditures in dairy farms in Cérdoba, Argentina. Arch Med Vet.
47: 7-14

Wang N, Zhou C, Basang W, Zhu Y, Wang X, Li C, Zhou X (2021)
Mechanisms by which mastitis affects reproduction in dairy cow: A
review. Reprod. Domest. Anim. 56: 1165-1175

Zhu W, Sieradzki K, Albrecht V, McAllister S, Lin W, Stuchlik O, Kamile
Rasheed J (2015) Evaluation of the Biotyper MALDI-TOF MS
system for identification of Staphylococcus species. J Microbiol
Methods 117: 14-17

132



