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ABSTRACT

Mastitis is one of the most economic disease afigctlairy cows worldwide. Identification of madditi
pathogens still depends principally on culture gieknotypical method, which is a difficult and time-
consuming. Newly, microbiologists have focusedrtla¢iention on the use of Mass Spectrometry (M$) fo
microbial identification, especially Matrix Assistd.aser Desorption lonization Time-Of-Flight (MALDI
TOF). Therefore, this study was designated to exalthe ability of MALDI-TOF to identify some cogiaus
mastitis pathogens comparing with phenotypical washtsuch as API panels and VITEK 2 system. A tuftal
one hundred twenty oftaphylococcus aureus (S aureus), Coagulase Negative Staphylococci (CN®p
Sreptococcus agalactiae (Srept. agalactiae) strains isolated from milk of cows affected by wal and
subclinical mastitis were used in the study. Actwdo the results, ~95% & aureus, 100% of CNS and
Srept. agalactiae were correctly identified by MALDI TOF MS. Al aureus isolates were then confirmed
by a nuc-based PCR technique. While ~92% afureus, 87% ofSrept. agalactiae and 76% of CNS were
identified by VITEK 2 system. Moreover, ~89% 8&faureus, 80% of Srept. agalactiae and 72% of CNS
were identified by API system. In brief, the resultemonstrated that MALDI-TOF is a fast and truthfu
technique which has the capability to replace cotiwral identification of several bacterial straumsually
isolated in clinical laboratories of microbiologyherefore, it is recomended that MALDI-TOF MS teclugy
can be regularly used in veterinary laboratoriesidentification of different species of bactenmrticularly
when failure of phenotypic methods forces clinitétrobiologists.

Keywords. Phenotype, MALDI-TOF-MS, Identification, Mastitizathogens

1. INTRODUCTION able to cause mastitis (Dudleh al., 2010). They are
divided in two groups: Contagious and environmental
Mastitis represents one of the most significanblenms ~ udder pathogens. The most common contagious
in modern dairy production from the economic, d@giic pathogens causing mastitis in dairy cattle worlenashd
and public-health related point of view (Besi al., 2012). 50-100% of herds may be infected with these path®ge
About 150 species of microorganisms, mostly baxteri are S aureus and Streptococcus agalactiae (Strept.
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agalactiae) (Giebelet al., 2010). These pathogens have

concern today (Hays and Leeuwen, 2012). Identiticat

adapted to survive within the mammary gland and areof different pathogens with mass spectrometry resenb

distribute among cows nearly at the time of milking
(Pradharet al., 2011). Although the group of contagious

known as a technique for acurate and quick recammat
of bacteria (Giebekt al., 2010; Kargeret al., 2012).

pathogens is small regarding the number of specieconsequently, the most commonly applied technigue f

included, in many countries this group is more rofte
isolated from udder secretions (Bemt al., 2012). The
majority of intra-mammary infections due $oaureus and
Srep. agalactiae are subclinical and hence the response
of this infection to treatment is comparatively paod it

mass spectral identification of microorganisms iatiik
Assisted Laser Desorption lonization Time-Of-Flight
Mass Spectrometry (MALDI-TOF-MS) (Biswas and
Rolain, 2013). Mass spectral identification of was
microorganisms by MALDI-TOF-MS can be suitable to

causes premature culling and elimination of animals@ huge types of bacteria and fungi. In recent tjmesss

from herd (Saidgt al., 2013). Furthermore, the presence
of S aureus in milk may a public health problem to the
consumer because of the ability of this type oftéxda to
produce enzymes and enterotoxins which causesuserio
food poisoning (Johlest al., 2013).

Concerning the importance & aureus and Strept.
agalactiae, examining of flock for diagnosis of the initial
cases of infection is necessary for preventiomfedtion
spreading. Although the culture of milk is consitbras
a gold standard test for mastitis diagnosis, theme
several disadvantages associated with bacteriadireyl
including no bacterial yielding from truly subcloailly

spectral identification of bacteria has been ingastd
using MALDI-TOF MS (Barreiroet al., 2010). Many
microorganisms have been identified by MALDITOF
MS via characteristic “chemical signatures” in ghhi
throughput mode using simple extraction and sample
work-up protocols. After initial bacterial growthhat
requires one day on average and using crude kalcteri
extracts or lysate supernatants of whole cellsiebiat
determination has been performed by MALDI-TOF MS in
a few minutes (Alispahiet al., 2010; Barreiroet al.,
2010; El-Bouriet al., 2012). This technique has therefore
improved the field of bacterial screening by prawgda
much faster, more reliable, cheaper and highlyitens

infected cows due to presence of high number oftechnique for bacterial identification. These feasuare
leukocytes or presence of preservatives or residuaparticularly attractive for bacterial isolates swieg in

therapeutic antibiotics in submitted samples. Athier
recognized disadvantage of culture is that aboub 2%%
of all milk samples yield no bacterial growth evafter
two days of incubation (Koskinest al., 2010). Moreover,
microbiological culture of milk is time consumingda
species identification by standard biochemical mesh

contaminated milk at subclinical levels (Barreigbal.,
2010; El-Bouriet al., 2012). In addition, identification of
bacteria by MALDI-TOF-MS has revealed prominent
interlaboratory reproducibility (Mellmanet al., 2009) and

is quickly being included as a routine method foirreal
and human laboratory microbiology. This technique

requires more than 48 h to be completed. Due to theequires slight Mass Spectral (MS) ability, thelizgi of

above-mentioned limitations of cultural methods,
Polymerase Chain Reaction (PCR) has been devetoped
identify various mastitis pathogens (Koskineh al.,
2010). The progress of PCR based techniques sspplie
talented option for the rapid detection of diffdaren
microorganisms. Using of this technique, most of
bacterial species can be identified in hours, acstef
days needed for classical culture methods. PCRhigds
sensitivity and specificity and can improve theeleuof
detection (Bosst al., 2011; Castelarst al., 2013).

Both biochemical and genetic analyses are truthful,
but their utilize may be prolonged and their cost
comparatively high. Therefore, there is a stilluieg for
additional fast and inexpensive but precise teahasqf
identifying microorganisms of various communicable
diseases. Overall, novel skills for particular anaghid
identification of microorganisms are a very impatta
step toward a appropriate treatment of infectidaeakes
in veterinary and medical diagnostics and are ojfoma
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uncomplicated instruments and relatively fast dpera
training. After comparing mass spectral identifmatwith
DNA analysis based technologies, it was found that
MALDI-TOF MS requires smaller amounts of biological
material and involves simpler sample preparation
protocols with no initial assessment, such as Gram
staining (llinaet al., 2009; 2010; Chalupowé al., 2014;
Tomaziaet al., 2014). In the current study, the performance
of MALDI-TOF-MS was evaluated comparing with
conventional methods for bacterial screening oicai and
subclinical mastitis in dairy cows.

2. MATERIALSAND METHODS
2.1. Samples

Over a 12-weeks period milk samples were collected
from four dairy farms with high incidence of coniags
mastitis pathogensS( aureus, Srept. agalactiae) in El-
Behira and Alexandria Governorates, Egypt and Al-
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Qassim region, Kingdom of Saudi Arabia, using stadd recommended procedures (APl System, BioMe'rieux)
measures explained by the National Mastitis Council were followed. Briefly, 3-5 of bacterial coloniesere
From every herd, fifty cows in various phases of prepared from overnight cultures on blood agargsat
lactation and dissimilar age groups were chosen forThey were standardized with an equivalent turbitiity
sampling. Prior to collection of samples; teat endse 0.5 McFarland standards in 6 ml of sterile disdlle
spotless with warm water and dried before 10 tarl5  water. The ampule of inoculated API suspension
of milk was drawn and discarded. The teat ends weremedium was homogenized and 5pL of the
then scrubbed with cotton or paper towel contair@go suspension were dispensed in each cupule of the str
ethanol and then the milk samples were transfeored The tests URE, ADH and ODC were covered with two
ice-covered and kept at -20°C until analysis. drops of mineral oil. After an incubation period 18-

24 h at 37°C, reagents were added for the
nonspontaneous tests. Strain profiles were read and
About 120 isolates of bacteria isolated from identified with Automatic Testing Bacteriology (A)B
samples of milk were collected from the four dairy Expression and were interpreted with API Laboratory
herds. Isolation of all isolates was carried out (LAB) software. This software gives the probabiléf
according to the National Mastitis Council the identification resultin a range of 10 to 100%.

suggestions on assessment of mastitic cows mile. Th cen ;
isolates were stored at -80°C for further invesiiga To 2.5 | dentification with VITEK 2 System

2.2. Bacterial I solation

isolate bacteria from milk samples, 10 of sampled milk Identification of all isolates were detected usthg
was inoculated onto blood agar plates and incubated automated systems Vitek2® (bioMérieux-software 4,03
37°C for one day to permit of bacterial growth. panel Gram Positive (GP) card. The manufacturer’s

. e . instructions were followed for the preparation okt
2.3. Classical I dentification inoculua and incubation of the isolates. The caak w
Standard identification of different pathogens was automatically filled by a vacuum device, sealed and
carried out by a variety of phenotypic tests, as th inserted into the VITEK 2 reader-incubator module
coagulase test (Becton, Dickinson and Company,kSpar (incubation temperature, 35.5°C) and subjected to a
Maryland, USA), the catalase test (bioMe'rieux, égar  kinetic fluorescence measurement every 15 min. The
I'Etoile, France), tests with the APl and VITEK 2stems results were interpreted by the ID-GPC database and
(bioMérieux). Quality control of commercial systenvas final results were obtained automatically. All canased
carried out by periodically testing a range of AT&&ins. ~ Were automatically discarded into a waste container
The criteria used for the approval of the iderdtficns ) . e
obtained with the API and VITEK 2 systems were that 2.6. MALDI-TOF MSidentification
isolate was identified with >90% probability. Mass spectral identification of various strains of
e . microorganisms using MALDITOF MS was performed
2.4. | dentification with API System on a M%croflex LT (?evice (Bruker Daltonicg GmbH,
The API system strip (BioMe'rieux, Paris, France) Bremen, Germany) with FlexControl (version 3.0)
consists of 32 cupules, 26 of which contain dehgdta Software (Bruker Daltonics) for the mechanical
biochemical agents for colorimetric examinationhieT achievement of mass spectra in the linear positioele
tests included acid production from Urea (URE), L- inarange of 2 to 20 kDa, according to the ingtams of
arginine (ADH), Lornithine (ODC), Esculin (ESC), D- the manufacturer. To prepare the samples for MALDI-
glucose (GLU), D-fructose (FRU), D-mannose (MNE), TOF MS, cells from a single colony of fresh ovetrig
Dmaltose (MAL), D-lactose (LAC), D-trehalose (TRE), culture (Columbia agar supplemented with 5% horse
D-mannitol (MAN), D-Raffinose (RAF), D-Ribose blood (bioMérieux), incubated 24 H at 37°C) weredis
(RIB), D-cellobiose (CEL), potassium Nitrate (NIT), for each isolate to prepare samples according ¢éo th
sodium pyruvate (VP), 2-naphthy- RD- microorganism profiling ethanol/acid formic extriact
Galactopyranoside (BGAL), L-arginine 3-naphthyamide procedure, as recommended by the manufacturer. As
(ArgA), 2-naphthyl Phosphate (PAL), pyroglutamic can be seen fronkig. 1, the identification was first
Acid-B-Naphthylamide (PyrA), Novobiocin (NOVO), achieved by touching the surface of the investidate
Sucrose (SAC), N-Acetylglucosamine (NAG), D- colony with a sterile pipette tip and directly ayipb
Turanose (TUR), L-Arbianose (ARA) and 4-nitrophenyl the small amount of sample on polished or grouedlst
BD-Glucuronide (RGUR). The manufacturer's MSP 96 target plates (Bruker Daltonics).
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Fig. 1. Steps usually used in MALDI-TOF MS for identificat of bacterial isolates

The sited bacteria were enclosed withL1of a chemical
matrix (saturated solution ofa-cyano-4-hydroxy-
cinnamic acid in 50% acetonitrile/2.5% trifluorotice
acid) and air desiccated at room temperature teniper
co-crystallization with the investigational samplée

accurately identified by MALDI-TOF-MS. Among the
five species of minor pathogens causing mastitis in
cattle, S xylosus (n = 11), S haemolyticus (n = 13), S
epidermidis (n = 7), S chromogenes (n = 10) andS
saprophyticus (n = 9) MALDI-TOF MS gave a right

spectra were then obtained by the mass spectrometddentification in 100% (50/50)T@ble 1).

and were compared by using the BioTyper software.

One hundred twenty isolates of different types of

Each spectrum was the sum of the ions obtained fronmcontagious mastitis pathogens were analyzed by

200 laser shots performed in 5 different regionshef

conventional (as API ID System and VITEK 2 System)

same well. The spectra have been analyzed in @rangand Mass Spectral (MALDI-TOF-MS) methods as
of 2000 to 20000 m/z. According to the measure gescribed in materials and methods. For each spactr
designed by the manufacturer, a result was supposeg yajue matching to the force was given to eaclk.pea

right when the score value was >2.0.

3.RESULTS

A characteristic examination of staphylococcal an
streptococcal strains isolated from clinical
subclinical cases of bovine mastitis by MALDI-TOF
MS, 10 to 20 prominent ion peaks were demonstrated

The peak with the highest intensity was arbitragbt
to 3; all the other peaks had a value matchinghto t
relative intensity of this highest peakig. 3-5). It

dshould be pointed out that minor peaks (relative
and intensity below 0.1) were inconstantly present. We

reasoned that peaks that are species specifickaig |
to correspond to bacterial components created gh hi

the spectra from the region between 2,000 and 08,00 quantity and that such components would therefore

Da, with the highest-intensity peaks being consiffen
the range of 3,000 to 10,000 Da. On this basis,ldbe
(score) values obtained by MALDI-TOF MS correctly
identified all but two staphylococcal isolates &ie t
species level [log (scorex2.0], were not identified. As
can be noticed fronkig. 2 ~95% (37/39) ofS. aureus
and 100% (31/31) ofSrep. agalactiae isolates were

///// Science Publications

generate conserved peaks of high relative intensity
We consequently concentrated on peaks with a
relative intensity above 0.1. In general, our data
illustrate that, by selecting a suitable set o&ists and
keeping only the conserved peaks withraiz above
0.1, a database can be engineered and used fdespec
identification ofMicrococcaceae.
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Tablel. Mass spectralMALDI-TOF MS) and biochemical identification of 12Bacterial strains isolated from different milk
samples from cows with clinical and sub-clinicalstiids
Phenotypical identification

Mass spectral

API ID system VITEK 2 system  Coagulase test Cagalast identification
No. of (MALDI-TOF-MS)
samples Species +ve -ve +ve -ve +ve -ve  +ve +ve -ve
39 S aureus 35 4 36 3 36 3 39 0 37 2
31 Srep. agalactiae 25 6 27 4 0 31 0 31 31 0
11 S. xylosus 7 4 8 3 0 11 11 0 11 0
13 S. haemolyticus 9 4 8 5 0 13 13 0 13 0
7 S. epidermidis 7 0 7 0 0 7 7 0 7 0
10 S. chromogenes 7 3 8 2 0 10 10 0 10 0
9 S. saprophyticus 6 3 7 2 0 9 9 0 9 0
o S. aureus @ Strept. Agalactiae o S. xylosus 08, haemolvticus
B S. epidermidis 85. chromogenes B 5. saprophyticus
100 -
90
80
e 70
=3 60
-]
g2 50
95 40
§5 30
27 a0
10

Fig. 2. Comparing the percentage of correctly identifl®daureus, Srtep. agalactiae and CNS by using conventional and mass

spectral methods
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Fig. 3. MALDI-TOF-MS profiles ofS. aureus andStrep. agalactiae cultured overnight at 37°C on Columbia blood gujates
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Fig. 4. MALDI-TOF-MS profiles of 3 isolates of coagulasegagive staphylococciS epidermidis; S. haemolyticus andS. xylosus)
cultured overnight at 37°C on Columbia blood agatgs
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Fig. 5. MALDI-TOF-MS profiles of 2 isolates of CNSS( chromogenes and S. saprophyticus cultured overnight at 37°C on
Columbia blood agar plates
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Fig. 6. Interpretation of PCR results after electrophoregisuo agarose gel (1.5%); Lane M, molecular size&kergMBI Fermentas
ladder mix, Germany); Lane +@& aureus reference strain ATCC 29213 (positive control); Lax@, negative control
containing water; Lanes 1-14 positive 16S rRNA and genes (Positive S. aureus strains. A stron@b@iDNA band was

detected in all strains from 1- 14

Usually, the MALDI Biotyper pattern-matching
algorithm considers the matches of the unknown samp
spectrum against the reference database and theseev

the classical microbiology results, the 16S rRNA aoc
genes of certain samples were sequenced. Consgguent
nuc-based PCR detection was utilized as a confirmation

matches of the major spectrum with the unidentified method for MALDI-TOF MS analysis in the current

spectrum; it moreover evaluates the relative intessof
nameless and database spectra (Lartjak, 2009). As
well, MALDI-TOF MS is capable of recognize mixed

bacterial cultures, as demonstrated by two of the

samples ofS. aureus that identified as by biochemical
testing S. epidermidis. The MALDI-TOF MS and
conventional identifications were carried out fdr 39

study. The resultsof nuc-based PCR detection
demonstrated that all the thirty nine isolateshis study
wereS. aureus (Fig. 6).

4. DISCUSSION

One hundred twenty isolates of various mastitis

S. aureus samples. Each sample was cultured twice andpathogens such & aureus, CNS andStrept. agalactiae

similar results were observed. Thirty five out bfrty

were analyzed by conventional (as API ID System and

nine bacterial isolates presented the same result¥ITEK 2 System) and Mass Spectral (MALDI-TOF-MS)

through both identification methods. The MALDI
Biotyper Database comprises data from strain ciidies
(e.g., American Type Culture Collection, ATCC) and
sequenced bacterial strains and has been optinfized
Srept. agalactiae identification (Lartigueet al., 2009).

In the current study, four samples $faureus were
identified asS. epidermidis by the biochemical measures
previously declared, while two samples of the four
isolates documented by MALDI-TOF MS were
identified asS aureus. To confirm some identification
results provided by MALDI-TOF MS as compared with

///// Science Publications
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methods. According to the results, ~95% Sfaureus,
100% of CNS andStrept. agalactiae were correctly
identified by MALDI TOF MS. All S aureus isolates
were then confirmed by a nuc-based PCR technique.
While ~92% ofS. aureus, 87% ofSrept. agalactiae and
76% of CNS were identified by VITEK 2 system.
Moreover, ~89% ofs. aureus, 80% of Srept. agalactiae
and 72% of CNS were identified by APl system. The
results tabulated in the current study, supportesirilar
and widespread data for clinical human and vetsrina
microbiology (llina et al., 2009; Lartigueet al., 2009;
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Marklein et al., 2009; Nagyet al., 2009; Barreircet al., data in the mass spectrum to provide the mostandstg
2010; Duboist al., 2010; llinaet al., 2010; Seiboldt al., database match (Barreiebal., 2010) Therefore, 100% of
2010; Mooret al., 2013; Raem¥t al., 2013), confirmed  CNS was accurately recognizeyg MALDI-TOF MS (50
that MALDI-TOF MS contributes in the fast isolates of CNS yielded strongignals in the mass
identification of bacteria (one day versus five dight spectrum, which led to correct identification).dddition,
days for conventional identification) and consedlyen 100% of thirty one isolates oBirep. agalactiae were
the chance of an earlier treatment of subclinioadl a accurately identified without any weak signal ie ttmass
clinical mastitis with suitable antimicrobial agenuill spectrum. While ~ 95% of 39 isolates $faureus were
be carried out. In addition, in the dairy industry, properly detected by MALDI-TOF MS (only two strains
MALDITOF MS can provides a faster, cheaper and produced wealsignals in the mass spectrum, which led
more reliable identification of microorganisms to failure of identification). According to the cditions
isolated from milk of animals witth clinical and of the current study, most spectral peaks noticetkvin
subclinical mastitis. As MALDI-TOF MS is an the mass range of m/z 2000-18000 Da, Similar ranges
innovative technique that will definitely changeeth were noticed by (Barreiret al., 2010; Raemyet al.,
way of functioning of microbiology laboratories, 2013) who stated that the most spectral peakstegsul
additional future researches aimed at evaluatisg it from analysis of protein samples were ranged fr@®02
cost-effectiveness and time to results in compariso  t0 20000 Da mass range. The difference in massrahg
those for conventional methods will be required. spectra peaks might be due to the variation inrtiegies
Previously, identification of microorganisms is Of sample preparation.
usually accomplished using phenotypic based In this study, it is discovered that MALDI-TOF-MS
techniques. Nevertheless, Sampimosa al. (2009) is a powerful technique for the identification offerent
indicated that conventional methods such as the APIstrains of contagious mastitis pathogensSasureus,
Staph ID 32 and the Staph-Zym had a high number ofStrep. agalactiae and CNS isolated from milk of cows
unidentified or misidentified CNS strains. Botests  affected by clinical and subclinical mastitis. T$eheme
were inadequate to identify CNS isolates from ntigsti reported in this study is currently being extended
milk samples. In addition, ribotyping and PCR major types of microorganisms isolated in veteyreand
amplicons-sequencing based methods for identificati human laboratories of microbiology. Consequently,
of different types of bacteria still prolonged, exgive microbial identification in clinical laboratories
and skilled demanding. In contrast, using of MALDI- depending on two steps. The primary step is a fast
TOF-MS technique, sample preparation and analysisdetection of the isolated pathogen by standard
are uncomplicated and can be achieved within fewphenotypic identification such as growth conditions
minutes. Biswas andRolain (2013) found that no gram staining and morphology, therefore this step
particular lysis stage is required beyond the expms helping in classification of the pathogen withirgaup
to the matrix solution and the device does not ilequ  of bacteria frequently isolated in clinical microligy
a professional handler. Just a loopful of bacterial laboratories, e.g.,Micrococcaceae, catalase-positive,
colonies is required for analysis by MALDI-TOF-MS aerobic gram positive cocci. The second step depend
and the side view is produced with smallest mass spectral identification by MALDI-TOF-MS,
consumables and cost. For one sample of bactedas m permitting the fast identification of the speci& The
spectral identification is achieved in a few misutersus  current study proposed that an alternative teclnigay
five to seven days for phenotypical identification. be permitted in the future instead of conventional
Numerous samples can be achieved per day and nesreovmethods, which are time-consuming and not reliable.
the cost of the analysis is cheap compared to other Barreiro et al. (2010) noticed that identification of
techniques (in the range of a few cents). Strept. uberis isolated from milk samples of cow with
The mass spectral data were evaluated with softwaresubclinical mastitis by standard biochemical resui
supplied with the instrument. The bacterial stramghe were not accurate, time consuming and severalsemay
current research were recognized by comparing theibe resulted during sample preparation. Approachéisea
spectral profiles with the database, which is coseploof molecular level have long been known as signifi¢aats
more than three hundred strains of ~60 genera fronin the bacterial identification Cobo, 2013 and MALD
National Collection of Type Cultures (NCTC), incind TOF MS utilizing “molecular fingerprints” seems to
eighteen species of gen@aphylococcus. The pattern  supply a trustworthy tool for identification of thfent
identification algorithm utilizes all the mass ingity types of microorganisms. This seems to open a rereel
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in microbiology screening in which traditional plagypic
techniques will change to molecular techniques able
providing quicker and more correct responses amdasi

genome-related methods of taxonomic and phylogeneti

analysis (Barreiret al., 2010).

5. CONCLUSION

A successful mangement plan for clinical and

subclinical bovine mastitis can be established veth

effective monitoring system for all dairy herds and
accurate identification of microorganisms that eaus

mastitis. Mass spectral identification of bactedalls by
MALDI-TOF-MS requires little effort for sample

preparation and can be accomplished within a few

minutes. In this study, MALDI-TOF-MS is shown to e
more fast and influential tool for the fast ideictition of
different strains ofs aureus, Srep. agalactiae and CNS.

Therefore, it is recomended that MALDI-TOF MS

technology can be regularly used in veterinary fatooies

for identification of different species of bacteria

particularly when failure of phenotypic methodscks
clinical microbiologists. Future uses of MALDI-TQ®S
in clinical bacteriology will be developed in ordéw
provide more precise identification on clinical sjpgens

and will include the detection of resistance protei
markers and specific virulence for several microbes

Nevertheless, the introduction of this technolooytinely

for microbiology diagnosis would enable a change in

working practices. Furthermore, this truth will dea
complete integration into laboratory workflow areveral
technical developments such as to detection sehsiti
The continuous updating of databases for microasgas
will be also a significant issue, in addition thgportunity
for the diagnosis directly from clinical samples.
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