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Abstract The aim of this study was to evaluate the use of

real-time polymerase chain reaction (qPCR) combined

with DNA extraction directly from composite milk and

bulk tank samples for detection and enumeration of

Streptococcus agalactiae (SAG) causing subclinical mas-

titis. Dilutions of sterile reconstituted skim milk inoculated

with SAG ATCC 13813 were used to establish a standard

curve (cfu/mL) for the qPCR assay targeting SAG. The

analytical sensitivity and repeatability of the qPCR assay

were determined. Bulk tank (BTM; n = 38) and composite

milk samples (CM; n = 26) collected from lactating cows

with positive isolation of SAG were submitted to the qPCR

protocol and SAG plate counting, with results from both

methods compared. Amplification of DNA was not possi-

ble in two out of 64 samples, indicating that qPCR was able

to detect SAG in 96 and 97 % of BTM and CM samples,

respectively. The inter-assay coefficient of variation was

\5 %, showing that the technique had adequate repeata-

bility. The qPCR protocol can be a high-throughput and

rapid diagnostic assay to accurately detect SAG from BTM

and CM samples compared with conventional microbio-

logical culture method. However, the evaluated qPCR

protocol is not accurate for enumerating SAG in milk

samples, probably due to quantification of DNA of non-

viable cells.

Introduction

Mastitis is an important animal health and welfare issue

that negatively impacts production efficiency and milk

quality [21]. The most important contagious mastitis

pathogens include Streptococcus agalactiae (SAG), Sta-

phylococcus aureus, Corynebacterium bovis, and My-

coplasma spp. [30]. S. agalactiae (Lancefield group B) is

an obligate contagious parasite of the mammary gland,

which can survive for a long time in the gland [23]. This

agent was a major cause of mastitis in the pre-antibiotic

era, mostly causing subclinical mastitis which tended to be

chronic [9].

During the last few decades, specific programs for pre-

vention and control of mastitis have resulted in reduction of

intramammary infection (IMI) caused by contagious

pathogens. Historically, SAG was the most common con-

tagious mastitis pathogen, but successful control efforts

have reduced its prevalence. Makovec and Ruegg [30]

reported that SAG decreased from 8.1 % (1994) to 3.0 %

(2001) in Wisconsin over a 7-year period. However, the

control of this contagious pathogen depends on several

factors such as the size of the herd and production system

adopted, seasonal trends, age of cow or stage of lactation,

mammary gland immunology, and basic management
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practices for prevention and control of mastitis (blanket dry

cow therapy, post-milking teat disinfectants, and effective

pre-milking hygiene).

On the other hand, SAG remains one of the most

important bovine mastitis pathogens in developing coun-

tries as well as those in Latin America. In South America,

the herd prevalence has been reported to be 42 % in

Colombia [22] and 11 % in Uruguay [12]. In Brazil, SAG

has been diagnosed from different regions of the country

in percentages varying from 3.2 to 33 % [38], probably

due to heterogeneity of farm systems in Brazil, which

include a high percentage of small producers who may be

unaware of management protocols for the control of SAG

mastitis.

Although antimicrobial susceptibility for SAG remains

very high [21], the self-cure rate is low [11, 21] if the IMI

is not diagnosed or treated. The virulence of this pathogen

is related to differences in their ability to adhere to the

mammary epithelium [8]. Bacterial cells are shed in milk

from infected quarters, and transmission to uninfected

quarters and cows usually occurs during the milking per-

iod. Therefore, herds infected with SAG can also experi-

ence very high total bacteria count in bulk tank milk,

because cows infected with SAG can shed up to 100 mil-

lion bacteria/mL. Infected herds frequently have standard

plate counts ranging from 20,000 to 100,000 cfu/mL [16].

Somatic cell counts (SCC) of[1,000,000 are not uncom-

mon for SAG infections [21].

Routine microbiological methods applied to microor-

ganism identification have remained nearly unchanged

over the last century. These methods still employ clas-

sical approaches based on sample streaking, colony

growth using various culture media, and morphological

and biochemical characterization of the isolated bacterial

species. On average, routine milk microbiological pro-

cedures take from 5 to 8 day to be completed and

require the use of various biochemical tests and the

evaluation of trained technicians [2]. Currently, bio-

chemical tests and serological grouping are employed by

most diagnostic laboratories to identify Streptococcus

spp. [31]. Furthermore, commercial biochemical systems

have improved turnaround time, standardization, and

reproducibility but still incorrectly identify up to 8 % of

isolates [17].

Considering the negative consequences of mastitis

caused by SAG on the milk quality and the spread from

cow to cow, this study aimed to evaluate the applicability

of real-time polymerase chain reaction (qPCR) combined

with DNA extraction directly from composite milk and

bulk tank samples for detection and enumeration of SAG

causing subclinical mastitis in comparison with conven-

tional routine biochemical identification testing.

Materials and Methods

Preparation of Standards for the qPCR

Protocol and Reference Methods

To prepare standard curves to enumerate SAG, sterile

skimmed-milk powder was used as the dilution medium. S.

agalactiae ATCC 13813 (American Type Culture Collec-

tion, Manassas, VA, USA) kept at -80 �C ± 1 in brain–

heart infusion broth (BHI; Merck, Darmstadt, Germany)

with 20 % glycerol, at a concentration of 108–1010 cfu/mL,

was used to artificially contaminate the dilution medium.

One hundred microliters of the SAG strain solution were

pipetted into 6 mL of BHI broth and incubated at 37 �C for

15 h. Turbidity confirmed bacterial multiplication in the

broth; 6 mL was then pipetted into 54 mL of sterile

reconstituted skim milk. After mixing, 10 serial 1:10

dilutions of sterile reconstituted skim milk artificially

inoculated with SAG were made. From each dilution, three

aliquots were taken for SAG quantification by plate count

and qPCR protocol.

Viable cell counts of SAG ATCC 13813 at each dilution

were performed by plating 100 lL onto a modified

Edward’s agar with 5 % sheep blood (Oxoid, Basingstoke,

UK) as recommended by Jayarao et al. [18]. Plates on

which no SAG ATCC 13813 growth (0 cfu/mL) was

detected were used to establish the analytical sensitivity of

the qPCR protocol. Enumeration of SAG ATCC 13813 by

flow cytometry was carried out using the BactoScan flow

cytometer (Foss Electric, Hillerød, Denmark) to create

reference values for the serial dilutions of SAG ATCC

13813 in milk, both for the standard plate count (based on

enumeration of viable organisms in the sample) and for the

qPCR method (based on the total counts of the target

DNA).

Detection and Quantification by qPCR

Primers

The primers for SAG qPCR reactions (F: 50-TTTGGTG
TTTACACTAGACTG-30 and R: 50-TGTGTTAATTAC
TCTTATGCG-30; [32]) were specifically designed to SAG

diagnostics. Meiri-Bendek et al. [32] developed it by 16S

rRNA subunit sequence that was aligned [using GCG

Pileup and Pretty programs (GCG Wisconsin package)]

across 11 streptococcal strains (Genbank accession num-

bers: AB023574, AF135453, AF088900, AF015928,

AB002517, AF076028, AB023576, AF003932, AF009494,

AF104675, AJ243965). Using the Primer-BLAST software

(National Center for Biotechnology Information, National
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Library of Medicine, Bethesda, MD, USA; http://www.

ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?LINK_

LOC=BlastHome), the primers for SAG were checked for

annealing specificity among the primer set SAG and the

genomic sequences found for SAG and other streptococcal

species.

Primers to confirm the DNA in the samples after

extraction procedure were used targeting the bovine mito-

chondrial cytochrome by encoding region (BMCB; acces-

sion number V00654; F: 50-GCAATACACTACACAT
CCGACACAA-30 and R: 50-GCGTGTATGTATCGGATG
ATTCAG-30), were specifically designed for qPCR

(PrimerExpress, Applied Biosystems, Foster, CA, USA),

and yielded a 98-bp amplicon. This single-copy, low-mu-

tation-rate gene [15] was chosen as a positive control.

qPCR Simplex Reactions

Every simplex reaction (targeting either SAG or BMCB in

different reaction vials) was performed in duplicate (Ste-

pOne, Applied Biosystems, Foster, CA, USA). Reactions

were prepared as recommended by the manufacturer, with

the following modifications: each amplification reaction

was composed of 10 lL of SYBR Green I PCR Master Mix

(Applied Biosystems), 0.5 lL of the primer set (SAG or

BMCB) concentration in 20 pmol, 8.5 lL of DNA-free

water (Qiagen Inc, Valencia, CA, USA), and 0.5 lL of

nucleic acids extracted directly from the milk samples by a

commercially available protocol (QIAamp Spin Procedure,

QIAamp DNA Blood Mini Kit, Qiagen Inc, Minneapolis,

MN, USA) with modifications.

For extraction of nucleic acids directly from the milk

samples, 200 lL of milk was added to lysis buffer (200 lL,
provided in the QIAamp kit) into one standard 1.5-mL

microcentrifuge tube and homogenized. The mixture was

incubated for 10 min at 95 �C. Proteinase K (20 lL, pro-
vided in the QIAamp kit) was added to the mixture and

homogenized. Mixture was incubated for 10 min at 70 �C
and then absolute ethanol (200 lL) was added. After vor-
texing, the mixture was transferred to a silica-gel mem-

brane column (provided in the QIAamp kit) and

centrifuged for 60 s at 60009g to bond the DNA to the

membrane. Washing buffer (500 lL, provided in the

QIAamp kit) was added to the column and then centrifuged

(60 s at 60009g). A second wash procedure was carried

out with the appropriate washing buffer provided in the

QIAamp kit for this step (500 lL), and the column was

then centrifuged for 3 min at 20,0009g. A second cen-

trifugation step (1 min at 20,0009g) was performed to dry

the pellet. The silica column was coupled to a fresh,

standard 1.5-mL microcentrifuge tube, and 200 lL of the

provided elution buffer was added to the retained DNA in

the membrane for incubation (5 min at 20 �C). The eluted

DNA was collected after being centrifuged twice (60 s at

60009g) and kept at -20 �C until further analysis. One

aliquot of viable cells of SAG ATCC 13813 was submitted

to the same protocol extraction described previously. Five

serial dilutions of the DNA extracted from SAG ATCC

13813 were performed in DNA-free water. Then, the

relationship between DNA concentrations diluted and the

respective Ct values was observed by qPCR (Fig. 1).

The reactions were prepared in 48-well reaction plates

(MicroAmp, Applied Biosystems). The thermal cycler pro-

gram consisted of five cycles at 95 �C for 15 s, 55 �C for 30 s,

72 �C for 30 s, 40 cycles at 95 �C for 15 s, 51 �C for 30 s, and

72 �C for 30 s, with an initial cycle of 95 �C for 10 min. In

each cycle, the accumulation of PCR products was detected

by monitoring the increase of fluorescence of the fluorophore

binding to the double-stranded amplicons generated. Subse-

quently, a melting curve was constructed in the range of

60–95 �C for each targeted genomewith its respective primer

set. Average melting temperatures (Tm) were 78.4 �C for

SAG and 77.8 �C for BMCB. The final result of each reaction

was expressed as threshold cycles (Ct). Reactions were

qualitatively considered positive for both detection and

quantification of SAG (primer annealing to its target) when

the coefficient of variation (CV) between the Ct values of

duplicates was \3 % [6] (Tm SAG = 78.4 �C ± SD) and

when amplification of the bovine somatic cell positive control

(Tm BMCB = 77.8 �C ± SD) was achieved. In contrast,

samples amplified atCt[44, with a CV between theCt values

of[3 % and amplification of the positive control sample (Tm
BMCB = 77.8 �C ± SD) were qualitatively classified as

negative.

Sampling

To evaluate the proposed qPCR protocol for SAG detection

and quantification, 38 bulk tank milk (BTM; SCC

Fig. 1 Real-time PCR amplification plot obtained from five serial

dilution of SAG ATCC 13813 DNA in DNA-free water. As observed

in Fig. 1, the greater Ct value the lower DNA concentration. DNA

concentrations in log10 were 2.77, 2.47, 2.17, 1.69, and 1.39 with

respective Ct 11.83, 13.05, 14.86, 16.25, and 18.04
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[600,000 cells/mL ± SD) and 26 composite milk (CM;

SCC [200,000 cells/mL ± SD) samples were selected

from 13 commercial dairy herds and lactating Holstein

cows in the midwest region of São Paulo State, Brazil, in

which subclinical SAG mastitis cases have been previously

reported. Herds had an average of more than 60 lactating

cows at the time of this study. Herds were milked in her-

ringbone parlors. Pre- and post-milking disinfection were

routinely performed on all farms, and no segregation of

high-SCC cows was performed on either farm. Cows with

clinical mastitis or under treatment for any local or sys-

temic disease were not selected for sampling. Milk samples

were collected aseptically for microbiological culture and

enumeration of SAG [35] and used for detection and

quantitation of SAG by qPCR. This research, protocol

number 2608/2012, agrees with Ethical Principles in Ani-

mal Research adopted by ‘‘Ethical Committee in the use of

animals’’ of the School of Veterinary Medicine and Animal

Science of University of São Paulo.

Microbiological Procedures

Microbiological culture of SAG was performed as recom-

mended by the National Mastitis Council [35]. Briefly, to

isolate SAG from CM samples through microbiological

culture, a 10 lL aliquot of milk was spread onto a plate of

trypticase soy agar with 5 % of defibrinated bovine blood

(TSA, Becton, Dickinson and Company, Sparks, MD,

USA). The plates were aerobically incubated at 37 ± 1 �C
for up to 72 h and were evaluated for bacterial growth after

24, 48, and 72 h. Bacterial colonies were evaluated

according to morphology (shape, size, number, and color),

hemolytic ability (presence and type), and possible con-

tamination [35]. The isolates were considered SAG when

particular characteristics were observed: small (1–2 mm

diameter), usually grayish, smooth, translucent, convex

colony. Most presented a clear zone of lysed cells (beta-

hemolysis). A few were nonhemolytic or surrounded by a

zone of greenish, or discolored erythrocytes (alpha-he-

molysis) on TSA agar.

For bulk tank milk, 100 lL of milk was spread on

modified Edward’s agar with 5 % blood (Oxoid, Bas-

ingstoke, UK). Plates were aerobically incubated at

37 ± 1 �C for 24 h, and SAG was detected and quantified

as recommended by Jayarao et al. [18]. SAG colonies on

Edward’s agar presented bluish coloration and lack of

fermentation. After incubation, all SAG isolates were

checked by microscopy and catalase, hippurate, esculin,

and CAMP tests. All isolates that were catalase negative,

hippurate positive, esculin negative, CAMP-positive gram-

positive cocci were considered to be SAG.

Statistical Analysis

Heterogeneity of variance was removed from all quantita-

tive data (enumeration of SAG) by log10 transformation.

Data were anti-log10-transformed for presentation of

results. The normality of residuals was assessed using the

Kolmogorov–Smirnov test with the PROC Univariate

command of SAS (version 9.2, SAS Institute Inc., Cary,

NC, USA).

Standard Curves

To estimate SAG (ATCC 13813) enumeration (cfu/mL)

using qPCR, the linear correlation (PROC CORR, version

9.2, SAS Institute) between the SAG Ct value of a given

sample and its plate count (cfu/mL) determined by the

reference method was constructed. Once linearity was

observed between these values (P\ 0.05), we established

the equation (Y1 = a1 ? b1X1) to estimate the SAG counts

(cfu/mL) of a given sample based on the SAG Ct value

(CtSAG) determined by qPCR (PROC REG, version 9.2,

SAS Institute), where Y1 = estimated log10 cfu/mL; a1 =

intercept; X1 = log10 CtSAG resulting from SAG qPCR of

the sample; and b1 = slope for X1.

Sensitivity and Repeatability of the qPCR Protocol

The parameters for assessing the analytical sensitivity and

repeatability of the assay were done as described previ-

ously Office International des Épizooties [10]. The ana-

lytical sensitivity of the qPCR method was evaluated using

aliquots taken from the 1:10 serial dilutions of SAG ATCC

13813 used to construct the pathogen standard curve. From

the aliquot that yielded cfu/mL = 0 to that classified as

slightly below ‘‘too numerous to count’’ (TNTC) by the

modified Edward’s agar with 5 % sheep blood (Oxoid,

Basingstoke, UK), all aliquots were subjected to SAG

qPCR. The detection limit for SAG qPCR consisted of the

value of the sample classified immediately after the sample

with cfu/mL = 0, as determined by the reference method.

In contrast, the quantification limit was the highest count

(cfu/mL) of SAG ATCC 13813 in milk immediately before

that of the sample with a TNTC value (cfu/mL).

Repeatability was assessed by analysis of the variability

of CtSAG obtained from six samples subjected to the entire

qPCR protocol on two different days (day 1 and 2) in

duplicate (day 1, A10, and A00; day 2, B0, and B00); the intra-
assay variation (CV A; CV B) was obtained by calculating

the CV of duplicates; the inter-assay variation (CV 1, 2)

was determined by calculating the CV of results obtained

from samples analyzed on different days.

366 N. L. de Carvalho et al.: Detection and Enumeration of Streptococcus agalactiae from Bovine Milk…

123



Diagnostic Agreement

Nonparametric kappa test [1] was used to determine

agreement between the microbiological reference proce-

dure and the proposed SAG qPCR protocol. Data from

SAG qPCR were classified as having either the presence or

absence of the pathogen, regardless of the average Ct

between duplicates, provided that quality control qPCR

parameters between duplicates were kept. The j coefficient

was determined (Epidat version 3.1, Epidemiological

Analysis Software for Tabulated Data, Pan American

Health Organization/World Health Organization, Santiago

de Compostela, Spain) considering two methods of obser-

vation (microbiological culture for isolation of SAG vs.

SAG qPCR), two categories (presence or absence of SAG),

the number of samples analyzed by both methods, and a

95 % confidence level. The j parameters were used to

interpret the coefficient of agreement [1] in cases of sig-

nificant agreement (P\ 0.001) between methods and to be

able to reject the null hypothesis (j = 0).

Agreement Between Methods of Measurement

The agreement between SAG quantification by qPCR and

by the reference methods was assessed using Bland–Alt-

man nonparametric test of differences [3] (Analyze-it,

Analyze-it Software Ltd., Leeds, UK) coupled Microsoft

Excel (Microsoft Corp., Redmond, WA, USA).

Results

Microbiological Cultures, DNA Extraction Directly

from Milk, and qPCR Amplification

Streptococcus agalactiae was isolated by microbiological

culture from all BTM and CM samples. From CM samples,

qPCR detected 96.15 % (n = 25) SAG-positive samples.

S. agalactiae was detected by qPCR in 97.63 % of BTM

samples (n = 37). Two samples had no DNA amplifica-

tion, one from CM and the other from BTM. The qPCR

methodology showed threshold cycle (Ct) values for each

type of milk sample evaluated, which were used to estimate

SAG plate counts using the standard curve.

The primer for the gene encoding the bovine mito-

chondrial cytochrome b (BMCB) was used for confirma-

tion of DNA extraction directly from milk samples. This

procedure was done as positive control. Moreover, as Ct

increased, bacterial and DNA concentrations decreased. A

correlation coefficient of 79 % between Ct values and DNA

extracted from SAG in the 1:10 dilutions was observed

(r = 0.792; P\ 0.001). The equation to estimate the DNA

concentration of SAG by qPCR was log10 DNA concen-

tration = 19.391 - 9.8178 log10Ct.

Standard Curve for Counting SAG Using qPCR

Counts of SAG ATCC 13813 in 1:10 serial dilutions of

SAG-inoculated skim milk ranged from 300 to

3.2 9 106 cfu/mL. Linearity between data from plate count

and flow cytometry of SAG ATCC 13813 (r = 0.99,

P\ 0.001) and between data from SAG qPCR and flow

cytometry (r = -0.99, P\ 0.001) was observed; a stan-

dard curve to estimate SAG ATCC 13813 levels in milk by

SAG qPCR was constructed (Fig. 1). The SAG counts

using 16S rRNA gene amplification of SAG ATCC 13813

(log10 CtSAG/mL) ranged from 2.47 to 5.51 log10 cfu/mL

and were linearly associated to plate count data (r = 0.971,

P\ 0.001), which ranged from 300 to 3.2 9 106 cfu/mL.

Sensitivity and Repeatability of the qPCR Protocol

The bacterial counts based on the analysis of serial dilu-

tions of SAG ATCC 13813 in sterile reconstituted skim

milk by qPCR were highly correlated (r = 0.971;

P\ 0.001), consistent with the results from plate counting

in the range of 900–2.0 9 105 cfu/mL. To assess intra- and

inter-assay repeatability of the SAG qPCR protocol, vari-

ations of up to 5 % between Ct values (Table 1) were

considered acceptable [17]. Intra-assay CV from milk

samples with higher SAG numbers (2.0 9 105 cfu/mL)

were 0.57 and 2.87 % on day 1 and 2, respectively. For

DNA extraction and qPCR 16S rRNA gene amplification,

intra-assay CV were 0.07 and 1.89 % (at 900 cfu/mL) on

day 1 and 2, respectively. The CV of results of bacterial

counts for protocols carried out on both days was 2.87 %

for milk samples with 2.0 9 105 cfu/mL of SAG ATCC

13813 and 4.56 % for milk samples with 900 cfu/mL

(Fig. 2).

Diagnostic Agreement Between Microbiological

Culture and qPCR

Composite Milk

Data for enumeration of SAG in CM samples obtained

from 25 dairy cows quantified by the plate-counting

method (ranging from 1.74 to 4.87 % 2.76 log10 cfu/mL)

and estimated by SAG qPCR (ranging from 3.28 to

4.87 % 5.61 log10 CtSAG/mL) without standard devia-

tions between measurements are shown in Fig. 3a. S.

agalactiae plate counts (cfu/mL) was not significantly

correlated to qPCR (Ct) (r = 0.46; P = 0.245). The mag-

nitude of observed differences (in log10 cfu/mL) between

results obtained by the plate-counting method and by SAG
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qPCR as a function of the average results obtained by both

methodologies was expected to fall constantly across the

identity line and to be approximately normally distributed

(Fig. 3b); however, the large limits of agreement (-5.49 to

-0.11) determined poor agreement (P\ 0.0001) between

methods.

Bulk Tank Milk

Data for enumeration of SAG in milk samples obtained

from 37 BTM based on the plate-counting method (ranging

from 2 to 5.30 % 3.36 log10 cfu/mL) and estimated by

SAG qPCR (ranging from 2.11 to 7.64 % 4.26 log10
CtSAG/mL) without standard deviations between mea-

surements are shown in Fig. 4a. SAG counts from plate

counting (cfu/mL) were correlated to qPCR (Ct) (r = 0.29;

P = 0.009). The magnitude of observed differences (in

log10 cfu/mL) between results obtained by the plate-

counting method and by SAG qPCR as a function of the

average results obtained by both methods was expected to

fall constantly across the identity line and to be

approximately normally distributed (Fig. 4b); however, the

large limits of agreement (-2.9 to 1.17) determined poor

agreement (P\ 0.0001) between methods.

Discussion

The aim of the present study was to evaluate the equiva-

lence between two methodologies (plate counting vs.

qPCR) used to enumerate and detect SAG from milk

samples. For that, we created a standard curve, using SAG

ATCC 13813 to estimate bacterial counts using threshold

cycle determined using qPCR. By combining DNA

extraction directly from milk with qPCR, it was possible to

detect SAG faster than with the plate-counting method. On

the other hand, despite the qPCR method being widely used

in quantification of bacteria in foods like milk and dairy

products [37, 43], enumeration of SAG by qPCR obtained

in the present study from BTM and CM was not equivalent

to plate-counting method. The non-equivalence may have

occurred because of the presence of dead or non-viable

SAG which was not cultivated in some of the milk samples,

as well as the negative effect of cellular and humoral

immunity of the host on the viability of the pathogen

causing mastitis [13]. Additionally, the analytical sensi-

tivity and repeatability of qPCR to detect SAG in com-

parison to the plate count method was determined.

Detection of SAG was performed by qPCR considering

10-4 to 10-7 cfu/mL dilutions (analytical sensitivity) and

intra-assay variation\5 % (repeatability). The repeatabil-

ity of results was similar to Graber et al. [14] and, Botaro

et al. [4], which reported a CV of\5 % for S. aureus.

In the present study, average counts of SAG from CM

and BTM were 4.31 9 103 and 1.90 9 104 cfu/mL,

respectively. Our results of the average counts of SAG

Fig. 2 Standard curve of SAG ATCC 13813 count (log10 cfu/mL) as

determined by plate counting (log10 cfu/mL) of SAG-inoculated skim

milk and by real-time quantitative PCR (SAG qPCR, CtSAG/mL).

Ct = threshold cycle of the qPCR reaction

Table 1 Coefficients of

variation (CV) within and

between trials of serially diluted

milk samples with decreasing

numbers of Streptococcus

agalactiae subjected to real-

time quantitative PCR targeting

the 16S rRNA gene of

Streptococcus agalactiae (SAG

qPCR) on two different days

Sample Counta Day 1 Day 2 CV 1, 2 (%)

Ct A
0 Ct A

00 CV A (%) Ct B
0 Ct B

00 CV B (%)

1 2.0 9 105 23.75 23.56 0.57 24.42 24.85 1.23 2.87

2 3.3 9 104 25.97 25.88 0.25 26.26 25.76 1.36 0.23

3 5.0 9 103 29.04 28.77 0.66 28.46 29.10 1.57 0.31

4 3.2 9 103 29.35 31.86 5.80 28.55 28.27 0.70 5.26

5 1.7 9 103 31.18 31.64 1.04 31.02 30.14 2.03 1.89

6 9.0 9 102 22.10 22.70 1.89 21.01 20.99 0.07 4.56

Média 1.70 1.16 2.52

Independent assays A0 and A00 and B0 and B00 were independently performed on day 1 and 2; Ct = threshold

cycle in which SAG qPCR occurred; CV A and CV B = CV between Ct obtained from assays A0 and A00

and B0 and B00; CV 1, 2 = CV between Ct obtained from assays performed on day 1 and 2
a Count (cfu/mL) of Streptococcus agalactiae ATCC 13813 determined by modified Edward’s agar with

5 % sheep blood (Oxoid, Basingstoke, UK)
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from BTM were different than those found by Elias et al.

[9], which reported 7.77 9 102 cfu/mL. Differences asso-

ciated with composition from different types of milk

samples (BTM and CM) may have influenced the effi-

ciency of DNA extraction directly from milk samples.

Different types of milk samples were used to observe how

Fig. 3 a SAG enumeration (log10 cfu/mL) obtained by real-time

quantitative PCR [log10 cfu/mL (qPCR)] and the plate count refer-

ence method [log10 cfu/mL (plate count)] plotted on the identity

curve. b Representative plot of the average of the results of counts

(log10 cfu/mL) as a function of the differences observed between both

methods [real-time quantitative PCR (qPCR) and plate count]. The

bias (2.8) was the average difference between the values (log10 cfu/

mL) of both methods. Limits of agreement between the methods

ranged from -5.49 to -0.11

Fig. 4 a SAG enumeration (log10 cfu/mL) obtained by real-time

quantitative PCR [log10 cfu/mL (qPCR)] and the plate count reference

method [log10 cfu/mL (plate count)] plotted on the identity curve.

b Representative plot of the average of the results of counts

(log10 cfu/mL) as a function of the differences observed between

both methods [real-time quantitative PCR (qPCR) and plate count].

The bias (0.86) is the average difference between the values

(log10 cfu/mL) of both methods. Limits of agreement between the

methods ranged from -2.9 to 1.17
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rapidly qPCR could detect SAG from BTM and diagnose at

the herd level SAG mastitis. Diagnosis of mastitis caused

by SAG from BTM by qPCR is rapid and has some

advantages because is only one representative milk sample

and consequently requires less analysis time. Additionally,

SAG is an obligate parasite of the mammary gland, which

supports the idea of using a BTM sampling to detect SAG-

positive cows in the herd [23]. Plate counts of SAG when

matched to SCC may be an indication if mastitis cases are

latent, unspecific, or subclinical. By the way, immune

response intensity in the mammary gland due to the reac-

tion of mastitis cases is highly correlated to specific cau-

sative agent [28] and the intensity with which these agents

colonize the mammary gland. Quantification and detection

of microorganisms from BTM samples is important for

SAG screening of herds [5].

Considering that DNA extraction of SAG directly from

milk samples has been used for quantitative and qualitative

qPCR method, it demands specific care during extraction

procedures, such as the volume standardization of milk

samples and reagents used for reactions. Cremonesi et al.

[7] also extracted DNA directly from milk samples and

similar to our results, reported difficulties associated with

the extraction protocol. In our study, the main difficulties

that possibly influenced DNA extraction were low con-

centration of DNA of SAG cells [39], factors associated

with the level of cell lysis and exposure of nucleic acid,

presence of inhibitory substances (calcium, proteinases, fat,

and casein content) [41]. These difficulties were considered

as critical points associated with DNA extraction directly

from milk samples [7]. Furthermore, Elias et al. [9]

reported a DNA extraction protocol directly from milk that

was efficient in lysing bacterial cell walls without damag-

ing the target DNA. For confirmation of the DNA extrac-

tion, amplification using the set of BMCB primers (control

test) was used because DNA extracted by this protocol

could not be read by NanoDrop, likely due to the presence

of inhibitory substances that remained even after extraction

[7].

Real-time PCR was suggested as a method to quantify

microbial populations in food [37], which is different from

the conventional PCR methodology that is only based on

microorganisms detection. The objective of using qPCR in

milk samples is due to its high sensitivity for the detection

of mastitis causing pathogens [20]. In the present study,

one control test (BMCB primers) was used to evaluate the

protocol of DNA quantification. This test consisted of

serial dilutions (10-1 to 10-10) of DNA extracted from

SAG ATCC 13813 as the objective to measure the DNA

obtained by qPCR (CtSAG/mL). Threshold cycle (Ct) is

the cycle number required to amplify the nucleic acid. The

nucleic acid is detected by fluorescence and represents the

quantification of DNA target [20]. Therefore, it was

possible by linear regression to observe that Ct is inversely

proportional correlated to DNA concentration, namely the

greater the Ct value the lower DNA concentration, which is

in accordance with results described by Postollec et al. [37]

and Katholm et al. [20].

The final determination of bacterial load by qPCR can

be influenced by the number of rRNA operons of a given

species. The ribosomal RNA (rRNA) genes (5S, 16S, and

23S) of bacteria and archaea are typically found in operons.

Although many organisms have a single rRNA operon, the

actual number is known to vary between 1 and 15 [24]. For

example, according to Klappenbach [25], the rRNA operon

copy number of S. agalactiae is seven. It has been sug-

gested that rrn copy number is an index of microbial life

histories [40]; due to the central role of ribosomal RNAs in

the formation of peptide bonds, rRNA genes share regions

of highly conserved sequence that are interspersed with

more variable regions. An additional benefit of knowing

the rrn copy number of a microorganism is derived from a

positive correlation between the number of rRNA genes in

an organism’s genome and the capacity of that organism to

respond to favorable growth conditions [29].

Klappenbach et al. [25] reported that rRNA operon copy

number information has become increasingly valuable for

studies evaluating methodologies such as quantitative

qPCR. Due to redundancy of the rRNA genes in some

microorganisms, the measured abundance of a rRNA gene

might be attributed to few microorganisms with many

rRNA genes or many microorganisms with few rRNA

genes. This redundancy must be considered in studies that

measure the abundance of rRNA genes, especially tech-

niques such as quantitative PCR [29]. The importance of

rrn copy number is recognized in studies worldwide,

mainly for studies comparing different bacterial species,

with different number of rrn copies.

A standard curve was created to evaluate the analytical

sensitivity of the qPCR to detect SAG considering the

conditions used in this study. This curve was used mainly

to compare methodologies, i.e., SAG plate count (cfu/mL)

and qPCR results (CtSAG/mL). The results of the standard

curve and regression equation presented in this study were

similar to those of Botaro et al. [4]. S. agalactiae plate

counts ranged from 3 9 102 to 3.2 9 105 cfu/mL (dilu-

tions 10-4 to 10-7). However, different from the present

study, Gillespie and Oliver [13] have constructed a stan-

dard curve based on multiplex qPCR methodology in

which the detection sensitivity ranged from 100 to 108 cfu/

mL.

Streptococcus agalactiae, S. aureus, and Mycoplasma

species are the primary contagious microorganisms iso-

lated from infected cows and bulk milk tanks. Justice-Allen

et al. [19] and Botaro et al. [4] have constructed a standard

curve for Mycoplasma spp. and S. aureus, respectively, in
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order to compare bacterial counts (cfu/mL) found by the

plate-counting methodology and qPCR. Although several

studies have evaluated the detection of contagious patho-

gens using qPCR, none of them estimated the correlation

between SAG plate counts and qPCR [9, 13, 26, 27].

The SAG plate counting (cfu/mL) was compared to

SAG counts estimated by qPCR (CtSAG/mL) using a

similar methodology as used by Botaro et al. [4]. Mean

differences of colony counts from SAG plate counting and

qPCR from CM and BTM were 103.26 % (4.453 9

103 cfu/mL) and 26.78 % (2.412 9 104 cfu/mL), respec-

tively. These differences may be due to the higher sensi-

tivity of qPCR [7, 20, 36] when compared to conventional

plate-counting methodology, because microbiological cul-

ture only counts viable cells.

In the present study, CM samples used were not from

the same farms as the BTM samples. Furthermore, viable

bacterial DNA was not measured using qPCR, as suggested

by Nogva et al. [34]. These factors may have contributed to

the non-equivalence of results between the two methods

used, which could be considered as limitations of the

present study. It is recommended that future studies about

qPCR combined with DNA extraction directly from milk

strategically count only viable cells, as suggested by

Nocker et al. [33] and Taskin et al. [42], in which they

proposed the use of ethidium bromide monoazide to inhibit

PCR amplification of DNA from dead bacteria.

Conclusion

Real-time PCR may be used to detect S. agalactiae in bulk

tank and in composite milk samples from cows with sub-

clinical mastitis. However, qPCR combined with DNA

extraction directly from milk samples was not equivalent to

conventional plate-counting method.
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