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Streptococcus agalactiae infections may lead to clinical or subclinical mastitis
in dairy animals when it invades the mammary gland. In this study, 51 S.
agalactiae strains were isolated from 305 milk samples that were collected
from goats with mastitis in 13 provinces of China. The antimicrobial resistance
of S. agalactiae was determined by disk diffusion methods against 18 antibiotics
from six classes. In addition, multilocus sequence typing (MLST), and the
presence of resistance and virulence genes was determined by PCR analysis.
Seven sequence types in five clonal complexes were identified according to
MLST; CC103 and CC67 strains were predominant, with rates of 45.1% and
39.2%, respectively. All isolates (100%) were multiresistant to three or more
antimicrobial agents. S. agalactiae isolates had a 100% resistance rate to
penicillin, oxacillin, and amoxicillin, followed by doxycycline (82.4%),
tetracycline (76.5%), and amikacin (74.5%). The lowest resistance was
observed for ciprofloxacin (29.4%), which varied in five different regions. The
detection rates of six classes of antimicrobial-related genes were calculated as
follows: 33 (64.7%) for B-lactam-related resistance gene, 12 (23.5%) for
tetracyclines, 11 (21.6%) for quinolone-related resistance genes, 10 (19.6%)
for aminoglycosides, 7 (13.7%) for macrolides (ermA, ermB, and mefA), and 3
(5.9%) for lincosamide (lnu(B)). Regarding virulence genes, profile 1 (bca cfb-
cspA-cylE-hylB-bibA-pavA-fbsA-fbsB) was the most prevalent, with a
detection rate of 54.9%. This work provides a primary source related to the
molecular epidemiology of S. agalactiae in dairy goat herds in China and will aid
in the clinical treatment, prevention, and control of mastitis.
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Introduction

Streptococcus agalactiae (S. agalactiae) is a species of Gram-
positive chain-forming cocci, and is also called group B
Streptococcus. It mainly affects humans (Lannes-Costa et al,
2021; Nguyen et al., 2021; Tavares et al., 2022), cattle (Keefe,
2012; Reyher et al., 2012; Kabelitz et al., 2021), and fish (Alazab
et al., 2022; Piamsomboon et al., 2022; Sapugahawatte et al.,
2022). In dairy animals, S. agalactiae invades the mammary
gland, which can lead to clinical or subclinical mastitis; as a
result, a reduction in milk production of > 20% is common
(Keefe, 1997). In China, S. agalactiae infections have also been
recorded in humans (Lee et al., 2021; Li et al., 2022), cattle (Hu
et al, 2018; Lin et al., 2021; Han et al., 2022), and fish (He et al.,
2020; Pu et al,, 2020). In addition, S. agalactiae infections were
reported in rabbits with acute respiratory distress syndrome, in
the Sichuan Province (Ren et al, 2014), and in sheep with
endometritis, in the Gansu Province of China (Han et al.,
2020). However, research on the molecular epidemiology of S.
agalactiae in dairy goats with mastitis has been scarcely
documented in China. China has one of the largest dairy goat
populations in the world: more than 1,290,000 dairy goats have
been maintained in different-sized herds, including a large
number of backyard farms (Luo et al., 2019). On these farms,
most goats are fed by having a free range on grassland, sharing
the same habitat with free-range cattle. Limited control measures
have been adopted by these backyard farms; thus, the spread of
endemic disease (Kuster et al, 2015; Hernandez-Jover et al,
20165 Pires et al, 2019) has been reported in many studies.
Whether or not this contact affects the epidemics of S. agalactiae
in dairy goats is unclear. In addition, poor milking hygiene is
believed to accelerate the spread of mastitis (McDonald, 1984);
specifically, the sharing of towels among goat milkers in
backyard farms allows the transmission of S. agalactiae via
milkers’ hands.

Many studies have investigated the variations of human and
bovine S. agalactiae. Multilocus sequence typing (MLST) has
been employed to identify strains, and is based on examining the
allelic variations in seven slowly evolving housekeeping genes.
Isolates are then classified into sequence types (STs), which can
then be further clustered into clonal complexes (CCs) that are
based on sequence similarities (Maiden et al, 1998). Our
previous study showed that four CCs (i.e., CC64, CC67,
CC103, and CC314) by MLST were identified in S. agalactiae
strains isolated from dairy cattle in central and north-east China
(Hu et al,, 2018). In 2020, another study identified six CCs (i.e.,
CC4, CC23, CCh4, CC67, CC103, and CC312) by MLST in dairy
cattle in eastern, central, northern, and southern China. CC64,
CC67, and CC103 were detected in both studies, but different
CCs were also observed in the same region. Similarly, numerous
CCs were also observed in S. agalactiae isolated from bovine
herds in different Brazilian states (Carvalho-Castro et al., 2017).
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These studies indicate that genetic diversity between S.
agalactiae in bovine is common. To our knowledge, there have
not been any studies about the prevalent CCs of S. agalactiae
strains from dairy goats in China; thus, molecular epidemiology
data are not available.

The pathogenicity of S. agalactiae depends on multiple
virulence factors, including neuraminidase and lipoteichoic
acid, capsular polysaccharide antigen, pyrogenic exotoxin, M
protein, the Christie-Atkins—Munch-Peterson (CAMP) factor,
and hemolysin. These factors can increase the ability of S.
agalactiae to invade and colonize its host (Oliveira et al., 2006;
Emaneini et al., 2016). Furthermore, different virulence factors
are indicated by different genes. For example, factors related to
bacterial adhesion are encoded by Imb, pavA, fbsA, and fbsB
(Gutekunst et al., 2004; Tenenbaum et al., 2005; Tenenbaum
et al., 2007; Santi et al., 2009), whereas factors associated with
immune evasion are encoded by scpB, cspA, bac, and bea
(Beckmann et al., 2002; Harris et al., 2003; Beigverdi et al., 2014).

Currently, antimicrobial therapy is extensively adopted in
the treatment of S. agalactiae infection in dairy herds and
humans. However, the emergence of antibiotic-resistant S.
agalactiae strains is continually found in the clinic; thus,
antibiotics are becoming ineffective (Nagano et al., 2008;
Kimura et al, 2008; Kimura et al,, 2013). In addition, the
increasing levels of antimicrobial residues in milk are a danger
to public health because they cause adverse reactions in
individuals who are allergic to antimicrobials (Tomazi et al,
2018). Furthermore, resistance genes within S. agalactiae can be
transferred to antibiotic-susceptible bacteria, which can lead
them to also become resistant to antibiotics (Mendes et al.,
2019). In China, national antimicrobial resistance monitoring
and surveillance programming in animals have taken place for
many years. Nevertheless, knowledge of the antibiotic resistance
of S. agalactiae from dairy goats remains lacking.

The aim of this study is to investigate the distribution of S.
agalactiae isolates and to detect the presence of resistance and
virulence genes in isolates from Chinese dairy goat farms in
different regions from 2015 to 2021. The results of this study
may serve as a data source of molecular epidemiology to control
goat mastitis and guide the treatment regimen of dairy goats.

Materials and methods

Sample collection, bacterial isolation,
and identification

All dairy goats in this work were raised free range in
backyard farms, with a total of 20 to 50 goats per herd.
Milking was performed, mainly by hand, twice per day. Pre-
and post-milking teat disinfections were performed irregularly,
and the cleaning agents, concentrations, mode of application,
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and duration of each disinfection and frequency of cleaning
are shown in Supplementary Table 1. A total of 305 batches of
raw milk were collected from dairy goats with clinical mastitis
from 20 farms in 12 provinces in China from 2015 to 2021
(Table 1). Each milk sample was collected under aseptic
conditions from goats, placed into sterile tubes, and stored in
an ice box at 4°C for transportation to the laboratory for
bacterial isolation.

Milk samples were streaked on Columbia Blood Agar Base
medium with 5% defibrinated sheep blood, and plates were
incubated at 37°C for 24 h. Based on the characteristics of colony
morphology, suspected colonies of S. agalactiae were subjected
to Gram staining and confirmed as S. agalactiae via PCR by
detecting the dItS gene (Poyart et al., 2007). Bacterial DNA was
extracted using an EasyPure Bacteria Genomic DNA kit
(TransGen Biotech, China), as per the manufacturer’s
instructions. The extracted DNA was dissolved in 100 ul of
double-distilled water, and the quantity and quality of DNA
were measured using a spectrophotometer (UV1000, Techcomp,

10.3389/fcimb.2022.1049167

China). DNA samples were stored at -20°C for further
downstream PCR analysis. One single ditS gene-positive isolate
from each sampled goat was selected and stored at -70°C for
further antibiotic susceptibility testing.

Multilocus sequence typing (MLST)

As our previous work described (Hu et al,, 2018), all 51 S.
agalactiae isolates were typed using MLST by sequencing seven
housekeeping genes (i.e., adh, pheS, atr, glnA, sdhA, gicK, and
tkt) (Jones et al, 2003). Specific primers for these genes are
available on the S. agalactiae MLST website (http://pubmlst.org/
sagalactiae/). After performing PCR on each isolate, sequence
types (STs) were assigned by analysis of the allele profile in the
MLST database (http://pubmlst.org/sagalactiae/). Based on the
eBURST algorithm program of Phyloviz (version 2.0a, www.
phyloviz.net/), clonal complexes (CCs) were determined in all S.
agalactiae strains.

TABLE 1 Goat milk samples with clinical mastitis collected from backyard goat dairy farms in five regions of China from 2015 to 2021.

Samples with confirmed S. agalactiae

Province Samples (n)
By herd, n (%) By region (%)
Heilongjiang 1 11 2 (182)
Liaoning 2 13 2 (15.4)
North-east China 10.7
Jilin 3 12 1(83)
Inner Mongolia 4 19 3 (15.8)
5 22 2(9.1)
Shanxi 6 18 3(16.7)
North-west China 13.6
7 25 4(16.0)
Gansu 8 16 2 (12.5)
9 17 2(11.8)
10 22 4 (18.2)
Henan 11 14 3(21.4)
Central China 12 10 2 (20.0) 18.6
13 13 2 (15.4)
14 15 3 (20.0)
Hubei
15 11 3(27.3)
Shandong 16 14 2 (14.3)
Eastern China 154
Anhui 17 12 2 (16.7)
Guizhou 18 13 3(23.1)
Southern China Yunnan 19 11 2 (18.2) 22
Hunan 20 17 4 (23.5)
Total 305 51 (16.7) 16.7
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Antibiotic susceptibility testing

The standards for S. agalactiae disk diffusion methods
proposed in the Clinical and Laboratory Standards Institute
(CLSI)’s guidelines (CLSI, 2018) were used to determine the
growth zone diameter. The inhibition zones were measured,
recorded, and interpreted in accordance with CLSI guidelines
(CLSI, 2018), and the instructions from antibiotic-sensitive
papers (Hangzhou Microbial Reagent Company, China) were
used as a reference when the antibiotics tested and interpreted
were not available in the CLSI guidelines. Eighteen antibiotics
were tested in the drug susceptibility test. Each goat S. agalactiae
strain was tested five times to ensure reproducibility, and a
Streptococcus pneumoniae strain (ATCC 49619) was used as a
quality control strain.

Detection of resistance and
virulence genes

Bacterial genomic DNA was extracted as described in MLST.
The presence of selected antibiotic resistance genes and
virulence genes was detected by PCR analysis. Based on the
class of antimicrobials used in the antibiotic susceptibility test
and the most prevalent related genes revealed by previous
studies in China (Tian et al., 2019; Han et al, 2022), the
following resistance genes were detected: B-lactam resistance
gene pbp2b (Ding et al., 2016); tetracycline resistance genes fetL,
tetK, tetM, and tetO (Lopardo et al., 2003); macrolide resistance
genes ermA, ermB, and mefA (Gao et al., 2012); aminoglycoside
resistance genes aphA3 and aad6 (Poyart et al., 2003);
lincosamide resistance gene Inu(B) (previously linB)
(Bozdogan et al.,, 1999); and quinolone resistance genes gyrA
and parC (Schmitt-Van de Leemput and Zadoks, 2007). All
resistance gene primers are shown in Table 2. Twelve genes
related to virulence based on those found in previous reports
were screened by PCR and were as follows: bac, bca, cfb, cspA,
cylE, hylB, scpB, bibA, Imb, pavA, fbsA, and fbsB (Shome et al,
2012; Kayansamruaj et al, 2014; Emaneini et al, 2016). All
virulence gene primers are shown in Table 3.

The PCR amplification reactions were carried out with an
EasyTaq® PCR SuperMix kit (TransGen, Beijing, China) in a
total volume of 20 pl, containing 10 ul of 2 x EasyTaq® PCR
SuperMix, 0.4 UM of each primer, and 20 ng of template DNA.
The amplification conditions were as follows: predenaturation at
94°C for 5 min, followed by 30 cycles of 30 s at 94°C, 30 s at an
appropriate annealing temperature determined by the specific
resistance and virulence gene primers, 30 s at 72°C, and a final
extension at 72°C for 10 min. Samples with goat DNA or without
genomic DNA were included as controls. The amplified
products were electrophoresed on a 2% agarose gel in the
presence of GelStain Blue (TransGen, Beijing, China) at 120 V
for 60 min.
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Results

Isolation and identification
of S. agalactiae

After Gram staining and species-specific PCR to detect the
dltS gene, 51 bacterial isolates in 305 milk samples were
identified as S. agalactiae, with an isolation rate of 16.7%. The
prevalence of the S. agalactiae infection rate in the five regions
was 10.7% (8/75) in north-eastern China, 13.6% (11/85) in
north-west China, 18.6% (19/102) in central China, 15.4% (4/
26) in eastern China, and 22.0% (9/41) in southern China. The
highest isolation rate in the provinces was 23.5% from Hunan
Province in southern China, and the lowest isolation rate was
8.3% from Jilin Province in north-eastern China. The details of
the S. agalactiae isolates are shown in Table 1. As shown in
Supplementary Table 1, the cleaning agents, concentrations,
mode of application, duration for each disinfection and the
frequency of cleaning varied between farms. Some farms using
the same disinfection practice showed similar isolation rates
(farms 1, 6, 8, and 17), whereas some farms using the same
disinfection practice showed notably different isolation rates
(farms 3, 7, and 10). One farm (3) using a low concentration
of cleaning agent showed a lower isolation rate than farms (1, 6,
8, 17) that used a higher concentration of cleaning agent; two
farms (7, 10) using a low concentration showed similar isolation
rates to farms (1, 6, 8, 17) using higher concentrations; and one
farm (19) using a low concentration showed a lower isolation
rate than that of a farm (5) using a higher concentration. Some
farms (11, 12, 18) with a lower frequency (no more than once per
day) of cleaning showed higher rates of isolation than farms with
a higher frequency of cleaning (2, 15, 4). The farms (12, 15) using
chlorhexidine with lower disinfection time and frequency
showed high isolation rates.

MLST analysis

The results of the MLST analysis are shown in Figure 1.
Among the 51 S. agalactiae strains, seven unique STs (ST-4, ST-
61, ST-67, ST-103, ST301, ST-314, and ST-568) and five CCs
(CC4, CC64, CC67, CC103, and CC314) were identified. The
largest segments of the strains were ST-103 (n = 16) and ST568
(n = 7), which were both clustered into CC103 and had been
detected in five regions, including 10 provinces (farms 1, 3, 4, 5,
8,9, 12, 15,16, 17, and 19). The second largest segments of the
strains were ST-67 (n = 14) and ST-301 (n = 6), which were both
clustered into CC67 and were detected in three regions,
including four provinces (farms 6, 7, 10, 13, 18, and 20). ST-4
(n = 3), grouped into CC4, was detected in the Hubei Province
only. ST61 (n = 3), grouped into CC64, was detected in the
Henan Province only. ST-314 (n = 2), grouped into CC314, was
detected in the Liaoning Province only. Based on the ST
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TABLE 2 Primers of resistance genes.

Sequence (5'-3’) Product Annealing tem- Reference

size (bp) perature (°C)

Pbp2b F: GATCCTCTAAATGATTCTCAGGTGG 1,500 55 Ding et al. (2016)

R: CCATTAGCTTAGCAATAGGTGTTGG

tetL F: TGGTGGAATGATAGCCCATT 229 50 Lopardo et al. (2003)
R: CAGGAATGACAGCACGCTAA

tetM F: 1,939 50 Lopardo et al. (2003)
GGGGGGGGGGATGAAAATTATTAATATTGG

F:
CCCCCCCCACTAAGTTATTTTATTGAACAT

tetK F: GATCAATTGTAGCTTTAGGTGAAGG 155 53 Lopardo et al. (2003)

F: TTTTGTTGATTTACCAGGTACCATT

tetO F: 1,936 51 Lopardo et al. (2003)
GGGGGGGCACATGAAAATAATTAACTTAGG

R: GGGCGGTTAAGCTAACTTGTGGAACA
ermA F: TCTAAAAAGCATGTAAAAGAA 645 46.9 Gao et al. (2012)
R: CTTCGATAGTTTATTAATATTAGT
ermB F: GCGGATCCATGAACAAAAATATAAAAT 751 50.0 Gao et al. (2012)

R: GCGTCGACTTTCCTCCCGTTAAATAAT

mefA F: AGTATCATTAATCACTAGTGC 400 47.5 Gao et al. (2012)

R: TTCTTCTGGTACTAAAAGTGG
AphA3 F: TCTGCAGGTAAGTAAGTGCG 848 55 Poyart et al. (2003)
R: GGGGTACCTTTAAATACTGTAG

aad-6 F: TCTGGATCCTAAAACAATTCATCC 978 55 Poyart et al. (2003)

R: CTGTAATCACTGTTCCCGCCT

Inu(B) F: CCTACCTATTGTTTGTGGAA 926 54 Bozdogan et al. (1999)

R: ATAACGTTACTCTCCTATTC

gryA F: CGATGTCGGTCATTGTTG 496 50.5 Schmitt-Van de Leemput et al. (Schmitt-Van de

Leemput and Zadoks, 2007)
R: ACTTCCGTCAGGTTGTGC

parC F: CTGAATGCCAGCGCCAAAT 567 56 Schmitt-Van de Leemput et al. (Schmitt-Van de
Leemput and Zadoks, 2007)

R: GCGCATACGCACTGAACC

F, forward; R, reverse.

described, within the same farm only one ST was observed; intermediate, or resistant to 18 antibiotics (six classes). As
however, within the same province (Shanxi, Henan, and Hubei), shown in Table 4, isolates had different degrees of resistance to
different STs could be observed on different farms. different antimicrobial agents, and the drug resistance rates from

the highest to the lowest resistance were as follows: penicillin
(100.0%), oxacillin (100.0%), amoxicillin (100.0%), lincomycin

Antimicrobial susceptibility and (86.3%), doxycycline (82.4%), tetracycline (76.5%), amikacin
resistance genes (74.5%), cefalotin (68.6%), ceftiofor (62.7%), spectinomycin
(62.7%), kanamycin (58.8%), clindamycin (52.9%), gentamicin

The 51 S. agalactiae strains isolated from milk samples from (51.0%), enrofloxacin (51.0%), erythromycin (49.0%),
goats with clinical mastitis were categorized as susceptible, levofloxacin (41.2%), azithromycin (31.4%), and ciprofloxacin

Frontiers in Cellular and Infection Microbiology 05 frontiersin.org


https://doi.org/10.3389/fcimb.2022.1049167
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Shi et al.

TABLE 3 Primers of virulence genes.

10.3389/fcimb.2022.1049167

Gene name Sequence (5'-3’) Product size (bp) Annealing temperature (°C) Reference

bac F: CTATTTTTGATATTGACAATGCAA 592 58 Emaneini et al. (2016)
R: GTCGTTACTTCCTTGAGATGTAAC

bea F: TAACAGTTATGATACTTCACAGAC 535 55 Emaneini et al. (2016)
R: ACGACTTTCTTCCGTCCACTTAGG

cfb F: GCTGTTTGAAGTGCTGCTTG 288 60 Shome et al. (2012)
R: GACTTCATTGCGTGCCAAC

cspA F: GGTCGCGATAGAGTTTCTTCCGC 104 58 Kayansamruaj et al. (2014)
R: AACGCCTGGGGCTGATTTGGC

cylE F: TTCTCCTCCTGGCAAAGCCAGC 124 58 Kayansamruaj et al. (2014)
R: CGCCTCCTCCGATGATGCTTG

hylB F: TCTAGTCGATATGGGGCGCGT 136 58 Kayansamruaj et al. (2014)
R: ACCGTCAGCATAGAAGCCTTCAGC

scpB F: AGTTGCTTCTTACAGCCCAGA 567 58 Shome et al. (2012)
R: GGCGCAGACATACTAGTTCCA

bibA F: AACCAGAAGCCAAGCCAGCAACC 127 58 Kayansamruaj et al. (2014)
R: AGTGGACTTGCGGCTTCACCC

Imb F: AGTCAGCAAACCCCAAACAG 397 57 Shome et al. (2012)
R: GCTTCCTCACCAGCTAAAACG

pavA F: TTCCCATGATTTCAACAACAAG 495 58 Shome et al. (2012)
R: AACCTTTTGACCATGAATTGGTA

JfbsA F: GTCACCTTGACTAGAGTGATTATT 85 58 Kayansamruaj et al. (2014)
R: CCAAGTAGGTCAACTTATAGGGA

fbsB F: TCTGTCCAACAGCCGGCTCC 144 58 Kayansamruaj et al. (2014)
R: TTCCGCAGTTGTTACACCGGC

F, forward; R, reverse.

(29.4%). All isolates (100%) were multiresistant to three or more
antimicrobial agents, and three isolates (5.9%) showed resistance
to all the antimicrobial agents tested.

From a geographical perspective, the average percentages of
resistant strains for six classes of antimicrobials in five regions of
China are shown in Table 5. We found a clear distinction: the
average percentage of resistant strains was much lower in
southern China and east China than in the other three regions,
and the isolates from the five regions of China were generally
more resistant to B-lactams and tetracyclines, while also being
more sensitive to macrolides and quinolones. (Table 5).

To investigate genetic antimicrobial resistance, 13 genes
accounting for resistance to six antibiotic classes were screened
by PCR, and the details of the results are shown in Figure 2. The
detection rates of six classes of antimicrobial-related genes were
also calculated. In total, 33 (64.7%) isolates carried B-lactam-
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related resistance genes (pbp2b) and could be observed in all five
CCs in this work; 12 (23.5%) for tetracyclines (tetL, tetM, tetK,
and tetO) in CC103, CC4, and CC67; 11 (21.6%) for quinolone-
related resistance genes (gryA, parC) in CC103, CC4, CC67, and
CCé61; 10 (19.6%) for aminoglycosides (aphA3 and aad6) in
CC103, CC67, and CC61; seven (13.7%) for macrolides (ermA,
ermB, and mefA) in CC103, CC67, and CC314; and three (5.9%)
for lincosamide (lnu(B)) in CC103, CC67, and CC4. In
summary, only three (5.9%) isolates (SA2043-ST103, SA1512-
ST568, and SA1912-ST67) in CC103 and CC67 did not harbor a
resistance gene; 25 (49.0%) in all five CCs harbored one
resistance gene; 19 (37.3%) in CC103, CC4, CC67, and CCé61
harbored two resistance genes; and four (7.8%) in CC103 and
CC67 harbored three resistance genes. Genetic diversity in
resistance genes was mostly observed in CC103 and was
followed by CCé67.
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FIGURE 1

Typing of 51 S. agalactiae strains present in 20 goat dairy farms
in China. The numbers of S. agalactiae are shown in columns.
ST indicates the MLST sequence type; CC indicates the

clonal complexes.

Detection of virulence genes

Screening for the 12 S. agalactiae genes involved in virulence
is shown in Figure 2, and a dendrogram was created based on
virulence genes by MEGA 6.0. Moreover, the STs, farms, and
resistance gene information were included. Three virulence
genes, bac, scpB, and Imb, could not be detected in any of the
51 isolates, whereas cfb, cspA, cylE, hylB, bibA, and pavA were
present in all the isolates. Only one isolate on farm 4 was
negative for fbsA and fbsB (98.0%), and the frequency was
lower for bca (51.0%). Considering the combinations of the
virulence genes detected in each isolate, we observed three
virulence gene profiles: profile 1 (bca cfb-cspA-cylE-hylB-bibA-
pavA-fbsA-fbsB) was the most common profile, with a rate of
54.9%, followed by profile 2 (cfb-cspA-cylE-hylB-bibA-pavA-
fbsA-fbsB), with a rate of 43.1%, and profile 3 (cfb-cspA-cylE-
hylB-bibA-pavA), with a rate of 2.0%. On farms 4 and 20, two
profiles were found on a single farm, and, on the remaining 18
farms, only one profile was found on each farm. Isolates in
profile 1 belonged to six STs—ST314 (CC314), ST67 (CC67),
ST103 (CC103), ST61 (CC64), ST301 (CC67), and ST568
(CC103)—on 11 farms in seven provinces; isolates in profile 2
belonged to four STs —ST103 (CC103), ST301 (CC67), ST4
(CC4), and ST568 (CC103) —on 10 farms in eight provinces;
and a single strain in profile 3 belonged to CC103 on farm 4 in
Inner Mongolia, which was unique.

Discussion

In the present study, we isolated a total of 51 S. agalactiae
strains in 305 milk samples from dairy goats with clinical
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mastitis on 20 farms from five regions of China between 2015
and 2021. The total isolation rate in this study was 16.7%, which
was higher than that found in goats in Nigeria (11.0%)
(Danmallam and Pimenov, 2019), in cows in Portugal (13.5%)
(Rato et al,, 2013) and Argentina (11.0%) (Hernandez et al,
2021), and in several studies from China, which reported rates of
8.71% (Tian et al,, 2019), 11.1% (Lin et al, 2021), and 16.5%
(Yang et al., 2013). In this work, we found that the prevalence of
S. agalactiae was higher in central and southern China than in
the other three regions; it is likely that the high average
temperatures in those two regions accelerated the spread of S.
agalactiae (Keefe, 1997). As shown in Supplementary Table 1, in
this study the cleaning agents, concentrations, mode of
application, and duration of disinfection, and the frequency of
cleaning, contributed to the different isolation rates of different
farms. The isolation rates were low in most farms using
povidone iodine or sodium hypochlorite, and low rates were
also associated with a longer disinfection time and higher
frequency of cleaning (Jorgensen et al., 2016); however, a few
exceptions were also observed. Furthermore, this result did not
account for other factors, such as the hygiene status of farms, the
application of disinfection on the farm, or the risk of exposure to
cattle with mastitis when grazing (Lianou et al., 2020). In
addition, the small number of samples collected in partial
regions (eastern China and southern China) limited effective
evaluation, and more sampling should be performed in the
future. S. agalactiae is one of the major pathogens that causes
mastitis, and the present study is the first to characterize S.
agalactiae isolates circulating among dairy goats with clinical
mastitis in China on a molecular level, further demonstrating
that S. agalactiae is an important pathogenic factor of mastitis in
goats and that more effective management to control S.
agalactiae mastitis is imperative.

The MLST analysis revealed distinct heterogeneity among
the 51 S. agalactiae strains, which were divided into seven STs
and five CCs. CC103 and CC67 were the predominant CCs in
the goat strains, while all the STs identified in this study have
been previously reported in bovine isolates (Hu et al., 2018; Lin
et al,, 2021; Liu et al, 2022). Recently, the prevalence rate of
CC103 in cattle in China was reported as 73.8% (Lin et al., 2021)
or 97.9% (Liu et al,, 2022), which is higher than that for CC103
in goats in this study (45.1%). On the other hand, this study
revealed that the prevalence rate of CC67 (39.2%) was higher
than reported in two previous investigations (9.5% and 0.0%).
These results suggest that the hosts play a role in the epidemic
strain group of S. agalactiae. CC67 is the most common CC
among bovine isolates (Bisharat et al., 2004) and is transmitted
via a contagious route (Jorgensen et al., 2016); therefore, when
milkers in dairy goat backyard farms shared the same towels,
unclean milkers’ hands accelerated the spread of the CC67
group. In addition, CC103 is an environmental pathogen
(Cobo-Angel et al, 2018) and has been reported in cattle in
Asia, Europe, and South America (Brochet et al., 2006; Zadoks
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TABLE 4 The antimicrobials disk breakpoints and the distributions of antimicrobial resistance of 51 S. agalactiae strains isolated from milk samples of goats with clinical mastitis.

Antimicrobial class

Antimicrobial agent

Concentration (ug/piece)

Diameter of the bacteriostatic sphere

Isolates, n (%)

Susceptible Intermediate Resistant Susceptible Intermediate Resistant
B-Lactams Penicillin 10U >29 <28 0 (0) 0 (0) 51 (100.0)
Oxacillin 1 >13 <10 0 (0) 0 (0) 51 (100.0)
Amoxicillin 10 >18 <13 18 (35.3) 7 (13.7) 26 (100.0)
Ceftiofor 30 >24 <14 16 (31.4) 3(5.9) 32 (62.7)
Cefalotin 30 >24 <14 12 (23.5) 4(7.8) 35 (68.6)
Tetracyclines Tetracycline 30 >15 <11 10 (19.6) 2(3.9) 39 (76.5)
Doxycycline 30 > 16 <12 9 (17.6) 0 (0) 42 (82.4)
Macrolides Erythromycin 15 >21 <15 21 (41.2) 5(9.8) 25 (49.0)
Azithromycin 15 >18 <13 32 (62.7) 3 (5.9) 16 (31.4)
Aminoglycosides Gentamicin 10 >15 <12 20 (39.2) 5(9.8) 26 (51.0)
Amikacin 30 =17 <14 13 (25.5) 0 (0) 38 (74.5)
Kanamycin 30 >18 <13 20 (39.2) 1(2.0) 30 (58.8)
Spectinomycin 100 >18 <14 13 (25.5) 6 (11.8) 32 (62.7)
Lincosamides Lincomycin 2 >21 <14 6(11.8) 1(2.0) 44 (86.3)
Clindamycin 2 >21 <14 16 (31.4) 8 (15.7) 27 (52.9)
Quinolones Levofloxacin 5 >21 <15 20 (39.2) 10 (19.6) 21 (41.2)
Enrofloxacin 5 >19 <15 19 (37.3) 6 (11.8) 26 (51.0)
Ciprofloxacin 5 >21 <15 29 (56.9) 7 (13.7) 15 (29.4)
The criteria applied for interpreting the zone diameter (mm) of drugs were in accordance with CLSI guidelines. If the antibiotics tested were not covered by the guidelines, the instructions for the use of antibiotic-sensitive papers (Hangzhou Microbial
Reagent Company, China) were followed.
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TABLE 5 The average rates of antimicrobial resistance of S. agalactiae isolated from goat milk samples in five regions of China.

Antimicrobial class

Average rates of antimicrobial resistance (%)

North-east North-west Central East
B-Lactams 87.5 89.1 91.6 85.0 75.6
Tetracyclines 81.3 86.4 81.6 87.5 61.1
Macrolides 43.8 50.0 421 37.5 222
Aminoglycosides 65.6 63.6 56.6 50.0 722
Lincosamides 62.5 72.7 86.8 25.0 55.5
Quinolones 45.8 39.4 40.4 41.7 37.0
Average 67.4 68.7 68.1 55.6 57.4

et al,, 2011; Hu et al,, 2018); therefore, it is unsurprising that
CC103 is widespread on these goat farms. Furthermore, an
investigation of the two main prevalent CC groups revealed
that there are two transmission routes—goat to goat and
environmental reservoir to goat—within herds. CC4, CCé64,
and CC314 have been found in goats and were also isolated
from cattle in China (Hu et al, 2018; Lin et al,, 2021). This
distribution of CCs in goats in China is partially attributed to
national and international animal trade. Meanwhile, we found
only one ST in each herd, demonstrating homogeneity among
S. agalactiae isolates. The highly infectious characteristics of

S. agalactiae may very likely be the cause of this phenomenon,
further indicating the same source of transmission between goats
on the same farm (Rato et al, 2013). Similarly, strains that
belong to the same cluster were also observed on cattle farms in
China (Lin et al, 2021). Furthermore, to reduce the risk of
spreading S. agalactiae to healthy goats, it is imperative to
control the transmission from infected goats to healthy goats.
In China, commercial vaccines against S. agalactiae strains
that cause mastitis are not available, so the main method of
controlling mastitis in dairy goats is antimicrobial therapy; as a

result, bacterial resistance to antimicrobial agents has been

Isolate Farm

5A1619-5T103 1
5A1821-57103 1
5A2011-5T103 3
5A1618-5T103 4
5A1820-5T103 4
5A2106-57103 2
B
B
8
s
9

$A1723-5T103
5A1916-5T103
5A1832-5T103
5A1835-57103
5A2002-5T103
5A2137-5T103 9
5A1644-5T103
5A2010-5T103
5A2043-57103
5A2147-5T103
5A1840-5T568
5A1939-5T568
5A2003-57568
5A1512-5T568
SAZ116-5T568
5A1751-5T568
5A2033-57568
5A1741-5T4
5A1818-5T4
5A2116-5T4
5A1503-57301 7

ﬁ

000000000000000000000000000000000000000000000000000

5A1604-5T301 7
5A1725-57301 7
5A2020-5T301 7
5A1809-57301
5A1012-57301
5A1809-5T67 6
5A1912-5T67 5
5A2113-5T67 5
5A1530-5767
SA1741-5T67
5A1838-5T67
5A2134-5T67
5A1645-5767
5A1829-5T67
5A2048-5T67
5A1531-5T67
5A1649-5T67
5A2042-5T67
5A2138-5T67
5A1616-5T61

IS Y

5A1532-57314 2
5A1903-5T314 2

|

FIGURE 2

Cluster analysis of S. agalactiae isolated from goat with mastitis in China based on virulence-associated gene profiles. The presence (black) or
absence (white) of genes, isolate name, goat farm, and gene names are shown. The virulence and antimicrobial resistance profiles are indicated

on the right.
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increasing year on year (Lin et al., 2021; Liu et al,, 2022). To
obtain a precise and deep insight into antimicrobial
susceptibility, all isolates were tested against six antimicrobial
classes, including 18 agents used for mastitis treatment in
animals and/or in human medicine. The high B-lactam
resistance rate found among S. agalactiae in this study is in
accordance with previous work that focused on bovine S.
agalactiae in Inner Mongolia (Ding et al., 2016), and in
Heilongjiang, Liaoning, and Henan Provinces (Hu et al,
2018). Given that B-lactams have been the most commonly
used antimicrobial classes for the treatment of mastitis, selective
pressure in goat backyard farms has hastened the development
of drug resistance. Similarly, in five regions, the isolates showed
high resistance to tetracyclines, in the range of 61.1%-87.5%.
High rates of resistance have also been observed in bovine S.
agalactiae in China (Lin et al., 2021; Han et al., 2022; Liu et al,,
2022) and in Brazil (Tomazi et al., 2018). Although tetracyclines
are not the first-line agent in mastitis treatment, in recent years
they have been one of the most commonly used antibiotics in
animals worldwide according to the World Organisation for
Animal Health (Health O-WOfA, 2018). This suggests the
possibility that an increase in tetracycline resistance in S.
agalactiae is a side effect of treatments for other bacterial
infections. The isolate rates of resistance to the remaining four
antimicrobial classes were lower than resistance to B-lactams
and tetracyclines. Furthermore, all isolates were multiresistant;
this phenomenon was also observed in bovine S. agalactiae in
China (Tian et al., 2019). In addition, all streptococcal isolates in
Denmark (Chehabi et al,, 2019) and in the Emilia Romagna
region in Italy (Carra et al., 2021) were found to be susceptible to
B-lactam antibiotics. In our study, different antimicrobial
resistance profiles were observed in different regions. The
inconsistency between these reports and our present findings
may be due to the different treatment regimens of these farms. In
particular, irregular drug usage in clinics is a major driver of
antimicrobial resistance (Barkus and Lisauskiene, 2016). This
information indicates that antimicrobials should be used with
discretion for the treatment of goat S. agalactiae mastitis unless a
sensitive drug is selected by tests. To date, investigations on
antimicrobial use in goat dairy herds in China are scarce; hence,
data on the changes and trends in antimicrobial resistance over
the past years are unavailable, and more detailed data on this
topic would be useful for developing strategies to improve
clinical treatment. Based on the results, macrolides and
quinolones may be used in the future to treat mastitis caused
by S. agalactiae. Meanwhile, reducing drug usage in dairy goats
would lead to a reduction in health threats to humans, such as
allergies and drug resistance (Hendriksen et al., 2008).

As one of the target enzymes for B-lactams, the presence of
the pbp2b resistance gene was determined for all S. agalactiae
isolates, of which 64.7% were positive. To date, most S.
agalactiae isolates with the pbp2b gene have been isolated
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from human hosts (Nagano et al.,, 2008; Kimura et al., 2008),
and only limited data are available on bovine strains (Hu et al,
2018). Our work is the first to show evidence of the pbp2b gene
in goat isolates in China. In S. agalactiae isolates, tetracycline
resistance is mediated by ribosome protection genes (i.e., tetM
and tetO) or by efflux pump genes (i.e., tetK and tetL) (Rubio-
Lopez et al., 2012). Aminoglycoside resistance is mediated by
genes encoding an aminoglycoside phosphotransferase.
Macrolide resistance is mediated by a ribosome methylase
encoded by the ermA or ermB genes, and an active efflux
pump encoded by the mef gene (Ko et al., 2004). Lincosamide
resistance is mediated by the Inu(B) gene encoding a
lincosamide-inactivating nucleotidyltransferase. Isolates in this
work were shown to be positive for these four antimicrobial class
resistance genes, with rates of 23.5%, 19.6%, 13.7%, and 5.9%,
respectively. These positive genes were also detected in bovine
strains in China and Argentina (Tian et al, 2019; Hernandez
etal., 2021). Quinolone resistance is mediated by genes encoding
the type II topoisomerase enzymes DNA gyrase (gyrA) and
topoisomerase IV (parC) (Simoni et al., 2018), and in this study
21.6% of isolates were positive. Similarly, these positive genes
were also detected in bovine strains in China (Tian et al., 2019).
As CC103 was a predominant CC group on the goat farms,
genetic diversity for resistance was mostly observed in CC103. In
this work, a discrepancy in the antibiogram profiling was
observed: every isolate was resistant to at least three
antibiotics, yet some of the isolated strains did not possess any
of the antibiotic resistance genes that were tested. Screening only
some resistance genes may be the cause for this discrepancy.
Therefore, a whole-genome sequencing approach in future work
would be a more effective way to obtain an antimicrobial
resistance profile of these isolates without biasing the results.
In this study, the results of virulence gene detection showed
that ¢fb, cspA, cylE, hylB, bibA, and pavA were present in all the
isolates, whereas the bac, scpB, and Imb genes were not. The
detection rates of all genes, with the exception of the pavA gene,
were the same as those reported for bovine isolates, including
ST4, ST23, ST67, ST103, ST312, ST568, and ST 570, in China
(Lin et al., 2021). In Brazilian bovine isolates, the c¢fb and hylB
genes appear to be the most prevalent (Carvalho-Castro et al,
2017). Our work first identified these virulence genes (ST61,
ST301, and ST314 groups) in strains isolated from dairy animals.
In addition, the fbsA, fbsB, and bca genes were detected in more
than half of the isolates. These virulence factors play roles in the
adhesion to and invasion of host cells (Gao et al., 2012). For
example, the ¢fb gene encodes the hemolysis-promoting factor
CAMP, which can activate Fab fragments of immunoglobulin
and then decrease the immune response (Lasagno et al., 2011). It
is considered to be one of the major etiological factors of
Streptococcus infection (Wu et al, 2016). ¢ylE is a toxin
involved in tissue damage and dissemination of S. agalactiae
in the host (Reiss et al., 2011). bibA is related to the expression of
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bacterial immunogenic adhesin (Santi et al., 2009). Further work
involving toxicological tests would shed light on the roles of
these virulence factors. The Imb gene is related to the adherence
of S. agalactiae and has been found in isolates from humans;
however, many studies have indicated the lack of this gene in
bovine strains (Lin et al., 2021; Han et al., 2022). In line with
these findings, we detected no Imb gene in any goat isolates
work. Negative results for the virulence genes bac and scpB were
also observed in bovine isolates in Argentina (Hernandez
et al., 2021).

Conclusions

Fifty-one S. agalactiae strains isolated from 305 milk samples
collected from goats with mastitis in 13 provinces of China were
investigated in this study. A total of 18 antibiotics in 6 classes
were tested. There were 7 different STs in 5 CCs were identified
according to MLST; CC-103 and CC67 strains were
predominant, and all of these STs were first identified in dairy
goat farms in China. Meanwhile, 13 genes accounting for
resistance to 6 antibiotic classes and 9 genes associated with
virulence were first identified in goat isolates. This work provides
a primary source for the molecular epidemiology of S. agalactiae
in dairy goat herds in China. Furthermore, there is an urgent
need for a national strategy to strengthen the reasonable
utilization of antimicrobials by veterinarians and herd farms.
Owing to the limited sample size, further investigation is
necessary to confirm the current results and determine how S.
agalactiae can be best controlled in dairy goats.

Data availability statement
The original contributions presented in the study are

included in the article/Supplementary material. Further
inquiries can be directed to the corresponding authors.

Ethics statement
The animal study was reviewed and approved by the Animal
Welfare and Ethics Committee of Nanyang Normal University.

Written informed consent was obtained from the owners for the
participation of their animals in this study.

Author contributions

HS participated in sample collection, pathogen isolation, and
participated in the design of the study. MZ participated in

Frontiers in Cellular and Infection Microbiology

11

10.3389/fcimb.2022.1049167

MLST, antibiotic resistance testing, and drafting the main
parts of the manuscript. ZZ, YH, and SS participated in
antibiotic resistance gene detection testing. RH, LW, and GL
participated in virulence gene detection. LY participated in the
design of the study and revised the manuscript. All authors read
and approved the final manuscript.

Funding

The National Natural Science Foundation of China (Grant
nos. 31902263 and 31870917) supported the design of the study
and writing the manuscript. The program for Innovative
Research Team of Science and Technology in University of
Henan Province (No. 20IRTSTHN024) and Nanyang Normal
University (CN) (Grant no. 15081) supported the sample
collection, analysis, and interpretation of data in this study.

Acknowledgments

We thank AJE (www.aje.com) for its linguistic assistance
during the preparation of this manuscript.

Conflict of interest

Author SS was employed by Heilongjiang State 853 Farm
Limited Company.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fcimb.2022.1049167/full#supplementary-material

frontiersin.org


http://www.aje.com
https://www.frontiersin.org/articles/10.3389/fcimb.2022.1049167/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2022.1049167/full#supplementary-material
https://doi.org/10.3389/fcimb.2022.1049167
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Shi et al.

References

Alazab, A., Sadat, A., and Younis, G. (2022). Prevalence, antimicrobial
susceptibility, and genotyping of streptococcus agalactiae in tilapia fish
(Oreochromis niloticus) in Egypt. J. Adv. Vet. Anim. Res. 9 (1), 95-103.
doi: 10.5455/javar.2022.i573

Barkus, A., and Lisauskiené, I. (2016). Inappropriate habits of antibiotic use
among medical specialists and students in Vilnius. Acta Med. Litu 23 (2), 135-141.
doi: 10.6001/actamedica.v23i2.3330

Beckmann, C., Waggoner, J. D., Harris, T. O., Tamura, G. S., and Rubens, C. E.
(2002). Identification of novel adhesins from group b streptococci by use of phage
display reveals that C5a peptidase mediates fibronectin binding. Infect. Immun. 70
(6), 2869-2876. doi: 10.1128/IA1.70.6.2869-2876.2002

Beigverdi, R,, Jabalameli, F., Mirsalehian, A., Hantoushzadeh, S., Boroumandi, S.,
Taherikalani, M., et al. (2014). Virulence factors, antimicrobial susceptibility and
molecular characterization of streptococcus agalactiae isolated from pregnant women.
Acta Microbiol. Immunol. Hung 61 (4), 425-434. doi: 10.1556/AMicr.61.2014.4.4

Bisharat, N., Crook, D. W., Leigh, J., Harding, R. M., Ward, P. N,, Coffey, T. J.,
et al. (2004). Hyperinvasive neonatal group b streptococcus has arisen from a
bovine ancestor. J. Clin. Microbiol. 42 (5), 2161-2167. doi: 10.1128/JCM.42.5.2161-
2167.2004

Bozdogan, B., Berrezouga, L., Kuo, M. S., Yurek, D. A,, Farley, K. A., Stockman,
B.J., etal. (1999). A new resistance gene, linB, conferring resistance to lincosamides
by nucleotidylation in enterococcus faecium HMI1025. Antimicrob. Agents
Chemother. 43 (4), 925-929. doi: 10.1128/AAC.43.4.925

Brochet, M., Couvé, E., Zouine, M., Vallaeys, T., Rusniok, C., Lamy, M. C,, et al.
(2006). Genomic diversity and evolution within the species streptococcus
agalactiae. Microbes Infect. 8 (5), 1227-1243. doi: 10.1016/j.micinf.2005.11.010

Carra, E., Russo, S., Micheli, A., Garbarino, C., Ricchi, M., Bergamini, F., et al.
(2021). Evidence of common isolates of streptococcus agalactiae in bovines and
humans in Emilia romagna region (Northern Italy). Front. Microbiol. 12.
doi: 10.3389/fmicb.2021.673126

Carvalho-Castro, G. A, Silva, J. R,, Paiva, L. V., Custodio, D. A., Moreira, R. O.,
Mian, G. F, et al. (2017). Molecular epidemiology of streptococcus agalactiae
isolated from mastitis in Brazilian dairy herds. Braz. J. Microbiol. 48 (3), 551-559.
doi: 10.1016/j.bjm.2017.02.004

Chehabi, C. N., Nonnemann, B., Astrup, L. B., Farre, M., and Pedersen, K.
(2019). In vitro antimicrobial resistance of causative agents to clinical mastitis in
Danish dairy cows. Foodborne Pathog. Dis. 16 (8), 562-572. doi: 10.1089/
fpd.2018.2560

CLSI (2018). Performance standards for antimicrobial susceptibility testing. 29th
Edition (Wayne, PA. USA: CLSI), M100-MS29.

Cobo-Angel, C., Jaramillo-Jaramillo, A. S., Lasso-Rojas, L. M., Aguilar-Marin, S.
B., Sanchez, J., Rodriguez-Lecompte, J. C., et al. (2018). Streptococcus agalactiae is
not always an obligate intramammary pathogen: Molecular epidemiology of GBS
from milk, feces and environment in Colombian dairy herds. PloS One 13 (12),
€0208990. doi: 10.1371/journal.pone.0208990

Danmallam, F. A., and Pimenov, N. V. (2019). Study on prevalence, clinical
presentation, and associated bacterial pathogens of goat mastitis in bauchi, plateau,
and edo states, Nigeria. Vet. World 12 (5), 638-645. doi: 10.14202/
vetworld.2019.638-645

Ding, Y., Zhao, J., He, X,, Li, M., Guan, H., Zhang, Z., et al. (2016). Antimicrobial
resistance and virulence-related genes of streptococcus obtained from dairy cows
with mastitis in inner Mongolia, China. Pharm. Biol. 54 (1), 162-167. doi: 10.3109/
13880209.2015.1025290

Emaneini, M., Khoramian, B., Jabalameli, F., Abani, S., Dabiri, H., and Beigverdi,
R. (2016). Comparison of virulence factors and capsular types of streptococcus
agalactiae isolated from human and bovine infections. Microb. Pathog. 91, 1-4.
doi: 10.1016/j.micpath.2015.11.016

Gao, ], Yu, F. Q, Luo, L. P, He, J. Z,, Hou, R. G,, Zhang, H. Q,, et al. (2012).
Antibiotic resistance of streptococcus agalactiae from cows with mastitis. Vet. J. 194
(3), 423-424. doi: 10.1016/}.tvjl.2012.04.020

Gutekunst, H., Eikmanns, B. J., and Reinscheid, D. J. (2004). The novel
fibrinogen-binding protein FbsB promotes streptococcus agalactiae invasion into
epithelial cells. Infect. Immun. 72 (6), 3495-3504. doi: 10.1128/IA1.72.6.3495-
3504.2004

Han, J., Wang, M., Pan, Y., Hu, X,, Zhang, X,, Cui, Y., et al. (2020).
Establishment and evaluation of multiplex PCR for detection of main pathogenic
bacteria of endometritis in Tibetan sheep. Sheng Wu Gong Cheng Xue Bao 36 (5),
908-919. doi: 10.13345/j.¢jb.190365

Han, G., Zhang, B, Luo, Z,, Lu, B,, Luo, Z,, Zhang, J., et al. (2022). Molecular
typing and prevalence of antibiotic resistance and virulence genes in streptococcus
agalactiae isolated from Chinese dairy cows with clinical mastitis. PloS One 17 (5),
€0268262. doi: 10.1371/journal.pone.0268262

Frontiers in Cellular and Infection Microbiology

12

10.3389/fcimb.2022.1049167

Harris, T. O., Shelver, D. W., Bohnsack, J. F., and Rubens, C. E. (2003). A novel
streptococcal surface protease promotes virulence, resistance to
opsonophagocytosis, and cleavage of human fibrinogen. J. Clin. Invest. 111 (1),
61-70. doi: 10.1172/JCI16270

Health O-WOfA (2018). Annual report on the use of antimicrobial agents in
animals. Available at: https://rr-americas.woah.org/en/news/annual-report-on-
the-use-of-antimicrobial-agents-in-animals-better-understanding-of-the-global-
situation/

Hendriksen, R. S., Mevius, D. ], Schroeter, A., Teale, C., Meunier, D., Butaye, P.,
et al. (2008). Prevalence of antimicrobial resistance among bacterial pathogens
isolated from cattle in different European countries: 2002-2004. Acta Vet. Scand. 50
(1), 28. doi: 10.1186/1751-0147-50-28

Hernandez, L., Bottini, E., Cadona, J., Cacciato, C., Monteavaro, C., Bustamante,
A., et al. (2021). Multidrug resistance and molecular characterization of
streptococcus agalactiae isolates from dairy cattle with mastitis. Front. Cell Infect.
Microbiol. 11. doi: 10.3389/fcimb.2021.647324

Hernandez-Jover, M., Schembri, N., Holyoake, P. K., Toribio, J. L., and Martin,
P. A. (2016). A comparative assessment of the risks of introduction and spread of
foot-and-Mouth disease among different pig sectors in Australia. Front. Vet. Sci. 3.
doi: 10.3389/fvets.2016.00085

He, R. Z., Xu, J., Wang, J., and Li, A. X. (2020). Quantitative detection of
streptococcosis infection in dead samples of Nile tilapia (Oreochromis niloticus).
J. Appl. Microbiol. 129 (5), 1157-1162. doi: 10.1111/jam.14697

Hu, Y, Kan, Y., Zhang, Z., Lu, Z,, Li, Y., Leng, C,, et al. (2018). New mutations of
penicillin-binding proteins in streptococcus agalactiae isolates from cattle with
decreased susceptibility to penicillin. Microb. Drug Resist. 24 (8), 1236-1241.
doi: 10.1089/mdr.2017.0223

Jones, N., Bohnsack, J. F., Takahashi, S., Oliver, K. A., Chan, M. S., Kunst, F.,
et al. (2003). Multilocus sequence typing system for group b streptococcus. J. Clin.
Microbiol. 41 (6), 2530-2536. doi: 10.1128/JCM.41.6.2530-2536.2003

Jorgensen, H. J., Nordstoga, A. B., Sviland, S., Zadoks, R. N, Solverod, L., Kvitle,
B., etal. (2016). Streptococcus agalactiae in the environment of bovine dairy herds-
rewriting the textbooks? Vet. Microbiol. 184, 64-72. doi: 10.1016/j.vetmic.2015.
12.014

Kabelitz, T., Aubry, E., van Vorst, K., Amon, T., and Fulde, M. (2021). The role
of streptococcus spp. in bovine mastitis. Microorg 9 (7), 1497. doi: 10.3390/
microorganisms9071497

Kayansamruaj, P., Pirarat, N., Katagiri, T., Hirono, I., and Rodkhum, C. (2014).
Molecular characterization and virulence gene profiling of pathogenic
streptococcus agalactiae populations from tilapia ( oreochromis sp.) farms in
Thailand. J. Vet. Diagn. Invest. 26 (4), 488-495. doi: 10.1177/1040638714534237

Keefe, G. P. (1997). Streptococcus agalactiae mastitis: A review. Can. Vet. J. 38
(7), 429-437.

Keefe, G. (2012). Update on control of staphylococcus aureus and streptococcus
agalactiae for management of mastitis. Vet. Clin. North Am. Food Anim. Pract. 28
(2), 203-216. doi: 10.1016/j.cvfa.2012.03.010

Kimura, K., Suzuki, S., Wachino, J., Kurokawa, H., Yamane, K., Shibata, N., et al.
(2008). First molecular characterization of group b streptococci with reduced
penicillin susceptibility. Antimicrob. Agents Chemother. 52 (8), 2890-2897.
doi: 10.1128/AAC.00185-08

Kimura, K., Wachino, J., Kurokawa, H., Matsui, M., Suzuki, S., Yamane, K., et al.
(2013). High cephalosporin resistance due to amino acid substitutions in PBP1A
and PBP2X in a clinical isolate of group b streptococcus. J. Antimicrob. Chemother.
68 (7), 1533-1536. doi: 10.1093/jac/dkt060

Ko, W. C, Yan, J. J,, Lee, N. Y., Wy, H. M,, and Wu, J. J. (2004). Polyclonal
spread of erythromycin-resistant streptococcus agalactiae in southern Taiwan.
Microb. Drug Resist. 10 (4), 306-312. doi: 10.1089/mdr.2004.10.306

Kuster, K., Cousin, M. E., Jemmi, T., Schupbach-Regula, G., and Magouras, L.
(2015). Expert opinion on the perceived effectiveness and importance of on-farm
biosecurity measures for cattle and swine farms in Switzerland. PloS One 10 (12),
€0144533. doi: 10.1371/journal.pone.0144533

Lannes-Costa, P. S., de Oliveira, J. S. S., da Silva Santos, G., and Nagao, P. E.
(2021). A current review of pathogenicity determinants of streptococcus sp. J. Appl.
Microbiol. 131 (4), 1600-1620. doi: 10.1111/jam.15090

Lasagno, M. C., Reinoso, E. B,, Dieser, S. A., Calvinho, L. F., Buzzola, F., Vissio,
C., et al. (2011). Phenotypic and genotypic characterization of streptococcus uberis
isolated from bovine subclinical mastitis in argentinean dairy farms. Rev. Argent
Microbiol. 43 (3), 212-217. doi: 10.1590/s0325-75412011000300009

Lee, C. C,, Feng, Y., Chen, C. L., Yeh, Y. M., Hsu, M. H,, Liao, W. T, et al. (2021).
Genomic analysis of maternal carriage of group b streptococcus and transmission
routes of neonatal sepsis. J. Infect. 83 (6), 709-737. doi: 10.1016/j.jinf.2021.10.003

frontiersin.org


https://doi.org/10.5455/javar.2022.i573
https://doi.org/10.6001/actamedica.v23i2.3330
https://doi.org/10.1128/IAI.70.6.2869-2876.2002
https://doi.org/10.1556/AMicr.61.2014.4.4
https://doi.org/10.1128/JCM.42.5.2161-2167.2004
https://doi.org/10.1128/JCM.42.5.2161-2167.2004
https://doi.org/10.1128/AAC.43.4.925
https://doi.org/10.1016/j.micinf.2005.11.010
https://doi.org/10.3389/fmicb.2021.673126
https://doi.org/10.1016/j.bjm.2017.02.004
https://doi.org/10.1089/fpd.2018.2560
https://doi.org/10.1089/fpd.2018.2560
https://doi.org/10.1371/journal.pone.0208990
https://doi.org/10.14202/vetworld.2019.638-645
https://doi.org/10.14202/vetworld.2019.638-645
https://doi.org/10.3109/13880209.2015.1025290
https://doi.org/10.3109/13880209.2015.1025290
https://doi.org/10.1016/j.micpath.2015.11.016
https://doi.org/10.1016/j.tvjl.2012.04.020
https://doi.org/10.1128/IAI.72.6.3495-3504.2004
https://doi.org/10.1128/IAI.72.6.3495-3504.2004
https://doi.org/10.13345/j.cjb.190365
https://doi.org/10.1371/journal.pone.0268262
https://doi.org/10.1172/JCI16270
https://rr-americas.woah.org/en/news/annual-report-on-the-use-of-antimicrobial-agents-in-animals-better-understanding-of-the-global-situation/
https://rr-americas.woah.org/en/news/annual-report-on-the-use-of-antimicrobial-agents-in-animals-better-understanding-of-the-global-situation/
https://rr-americas.woah.org/en/news/annual-report-on-the-use-of-antimicrobial-agents-in-animals-better-understanding-of-the-global-situation/
https://doi.org/10.1186/1751-0147-50-28
https://doi.org/10.3389/fcimb.2021.647324
https://doi.org/10.3389/fvets.2016.00085
https://doi.org/10.1111/jam.14697
https://doi.org/10.1089/mdr.2017.0223
https://doi.org/10.1128/JCM.41.6.2530-2536.2003
https://doi.org/10.1016/j.vetmic.2015.12.014
https://doi.org/10.1016/j.vetmic.2015.12.014
https://doi.org/10.3390/microorganisms9071497
https://doi.org/10.3390/microorganisms9071497
https://doi.org/10.1177/1040638714534237
https://doi.org/10.1016/j.cvfa.2012.03.010
https://doi.org/10.1128/AAC.00185-08
https://doi.org/10.1093/jac/dkt060
https://doi.org/10.1089/mdr.2004.10.306
https://doi.org/10.1371/journal.pone.0144533
https://doi.org/10.1111/jam.15090
https://doi.org/10.1590/s0325-75412011000300009
https://doi.org/10.1016/j.jinf.2021.10.003
https://doi.org/10.3389/fcimb.2022.1049167
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Shi et al.

Lianou, D. T., Chatziprodromidou, L. P., Vasileiou, N. G. C., Michael, C. K,,
Mavrogianni, V. S., Politis, A. P., et al. (2020). A detailed questionnaire for the
evaluation of health management in dairy sheep and goats. Anim. (Basel) 10 (9),
1489. doi: 10.3390/ani10091489

Li, X,, Du, Z,, Tang, Z., Wen, Q., Cheng, Q., and Cui, Y. (2022). Distribution and
drug sensitivity of pathogenic bacteria in diabetic foot ulcer patients with
necrotizing fasciitis at a diabetic foot center in China. BMC Infect. Dis. 22 (1),
396. doi: 10.1186/s12879-022-07382-7

Lin, L., Huang, X, Yang, H., He, Y., He, X,, Huang, J,, et al. (2021). Molecular
epidemiology, antimicrobial activity, and virulence gene clustering of streptococcus
agalactiae isolated from dairy cattle with mastitis in China. J. Dairy Sci. 104 (4),
4893-4903. doi: 10.3168/jds.2020-19139

Liu, K,, Zhang, L., Gu, X,, Liu, G,, Liu, Y., Chen, P, et al. (2022). The prevalence,
molecular characterization and antimicrobial resistance profiling of streptococcus
agalactiae isolated from clinical mastitis cases on large dairy farms in China.
J. Dairy Res. 28, 1-5. doi: 10.1017/50022029922000152

Lopardo, H. A, Vidal, P,, Jeric, P., Centron, D., Paganini, H., Facklam, R. R,,
et al. (2003). Six-month multicenter study on invasive infections due to group b
streptococci in Argentina. J. Clin. Microbiol. 41 (10), 4688-4694. doi: 10.1128/
jcm.41.10.4688-4694.2003

Luo, J., Shi, H., Wang, J., Zhang, F., Zhen, H., Ji, Z., et al. (2019). A summary of
the development of chinese dairy goat industry-development trends and
characteristics. China dairy cattle 09), 1-11. doi: 10.19305/j.cnki.11-3009/
5.2019.09.001

Maiden, M. C,, Bygraves, J. A., Feil, E., Morelli, G., Russell, J. E., Urwin, R,, et al.
(1998). Multilocus sequence typing: A portable approach to the identification of
clones within populations of pathogenic microorganisms. Proc. Natl. Acad. Sci.
U.S.A. 95 (6), 3140-3145. doi: 10.1073/pnas.95.6.3140

McDonald, J. S. (1984). Streptococcal and staphylococcal mastitis. Vet. Clin.
North Am. Large Anim. Pract. 6 (2), 269-285. doi: 10.1016/s0196-9846(17)30022-8

Mendes, R. E., Paukner, S., Doyle, T. B., Gelone, S. P., Flamm, R. K., and Sader,
H. S. (2019). Low prevalence of gram-positive isolates showing elevated lefamulin
MIC results during the SENTRY surveillance program for 2015-2016 and
characterization of resistance mechanisms. Antimicrob. Agents Chemother. 63
(4), €02158-18. doi: 10.1128/AAC.02158-18

Nagano, N., Nagano, Y., Kimura, K., Tamai, K., Yanagisawa, H., and Arakawa,
Y. (2008). Genetic heterogeneity in pbp genes among clinically isolated group b
streptococci with reduced penicillin susceptibility. Antimicrob. Agents Chemother.
52 (12), 4258-4267. doi: 10.1128/AAC.00596-08

Nguyen, L. M., Omage, J. I, Noble, K., McNew, K. L., Moore, D. J., Aronoff, D.
M., et al. (2021). Group b streptococcal infection of the genitourinary tract in
pregnant and non-pregnant patients with diabetes mellitus: An
immunocompromised host or something more? Am. J. Reprod. Immunol. 86 (6),
e13501. doi: 10.1111/aji.13501

Oliveira, I. C., de Mattos, M. C., Pinto, T. A., Ferreira-Carvalho, B. T., Benchetrit,
L. C., Whiting, A. A,, et al. (2006). Genetic relatedness between group b
streptococci originating from bovine mastitis and a human group b
streptococcus type V cluster displaying an identical pulsed-field gel
electrophoresis pattern. Clin. Microbiol. Infect. 12 (9), 887-893. doi: 10.1111/
j.1469-0691.2006.01508.x

Piamsomboon, P., Srisuwatanasagul, S., Kongsonthana, K., and Wongtavatchai,
J. (2022). Streptococcus agalactiae infection caused spinal deformity in juvenile red
tilapia (Oreochromis sp.). J. Fish Dis. 45 (4), 603-606. doi: 10.1111/jfd.13568

Pires, A. F. A., Peterson, A., Baron, J. N., Adams, R., Martinez-Lopez, B., and
Moore, D. (2019). Small-scale and backyard livestock owners needs assessment in
the western united states. PloS One 14 (2), €0212372. doi: 10.1371/
journal.pone.0212372

Poyart, C., Jardy, L., Quesne, G., Berche, P., and Trieu-Cuot, P. (2003). Genetic
basis of antibiotic resistance in streptococcus agalactiae strains isolated in a French
hospital. Antimicrob. Agents Chemother. 47 (2), 794-797. doi: 10.1128/
AAC.47.2.794-797.2003

Poyart, C., Tazi, A., Reglier-Poupet, H., Billoet, A., Tavares, N., Raymond, J.,
et al. (2007). Multiplex PCR assay for rapid and accurate capsular typing of group b
streptococci. J. Clin. Microbiol. 45 (6), 1985-1988. doi: 10.1128/JCM.00159-07

Pu, W, Wang, Y., Yang, N., Guo, G., Li, H,, Li, Q,, et al. (2020). Investigation of
streptococcus agalactiae using pcsB-based LAMP in milk, tilapia and vaginal swabs
in haikou, China. J. Appl. Microbiol. 128 (3), 784-793. doi: 10.1111/jam.14501

Frontiers in Cellular and Infection Microbiology

13

10.3389/fcimb.2022.1049167

Rato, M. G., Bexiga, R,, Florindo, C., Cavaco, L. M., Vilela, C. L., and Santos-
Sanches, I. (2013). Antimicrobial resistance and molecular epidemiology of
streptococci from bovine mastitis. Vet. Microbiol. 161 (3-4), 286-294.
doi: 10.1016/j.vetmic.2012.07.043

Reiss, A., Braun, J. S., Jager, K., Freyer, D., Laube, G., Biihrer, C,, et al. (2011).
Bacterial pore-forming cytolysins induce neuronal damage in a rat model of
neonatal meningitis. J. Infect. Dis. 203 (3), 393-400. doi: 10.1093/infdis/jiq047

Ren, S. Y., Geng, Y., Wang, K. Y., Zhou, Z. Y., Liu, X. X,, He, M,, et al. (2014).
Streptococcus agalactiae infection in domestic rabbits, oryctolagus cuniculus.
Transbound Emerg. Dis. 61 (6), €92-€95. doi: 10.1111/tbed.12073

Reyher, K. K., Haine, D., Dohoo, I. R., and Revie, C. W. (2012). Examining the
effect of intramammary infections with minor mastitis pathogens on the
acquisition of new intramammary infections with major mastitis pathogens—a
systematic review and meta-analysis. J. Dairy Sci. 95 (11), 6483-6502. doi: 10.3168/
jds.2012-5594

Rubio-Lopez, V., Valdezate, S., Alvarez, D., Villalon, P., Medina, M. J., Salcedo,
C., et al. (2012). Molecular epidemiology, antimicrobial susceptibilities and
resistance mechanisms of streptococcus pyogenes isolates resistant to
erythromycin and tetracycline in Spain (1994-2006). BMC Microbiol. 12, 215.
doi: 10.1186/1471-2180-12-215

Santi, 1., Maione, D., Galeotti, C. L., Grandi, G., Telford, J. L., and Soriani, M.
(2009). BibA induces opsonizing antibodies conferring in vivo protection against
group b streptococcus. J. Infect. Dis. 200 (4), 564-570. doi: 10.1086/603540

Sapugahawatte, D. N,, Li, C., Dharmaratne, P., Zhu, C,, Yeoh, Y. K,, Yang, J.,
et al. (2022). Prevalence and characteristics of streptococcus agalactiae from
freshwater fish and pork in Hong Kong wet markets. Antibio. (Basel) 11 (3), 397.
doi: 10.3390/antibiotics11030397

Schmitt-Van de Leemput, E., and Zadoks, R. N. (2007). Genotypic and
phenotypic detection of macrolide and lincosamide resistance in streptococcus
uberis. J. Dairy Sci. 90 (11), 5089-5096. doi: 10.3168/jds.2007-0101

Shome, B. R., Bhuvana, M., Mitra, S. D., Krithiga, N., Shome, R., Velu, D,, et al.
(2012). Molecular characterization of streptococcus agalactiae and streptococcus
uberis isolates from bovine milk. Trop. Anim. Health Prod 44 (8), 1981-1992.
doi: 10.1007/s11250-012-0167-4

Simoni, S., Vincenzi, C., Brenciani, A., Morroni, G., Bagnarelli, P., Giovanetti, E.,
et al. (2018). Molecular characterization of Italian isolates of fluoroquinolone-
resistant streptococcus agalactiae and relationships with chloramphenicol
resistance. Microb. Drug Resist. 24 (3), 225-231. doi: 10.1089/mdr.2017.0139

Tavares, T., Pinho, L., and Bonifacio Andrade, E. (2022). Group b streptococcal
neonatal meningitis. Clin. Microbiol. Rev. 35 (2), €0007921. doi: 10.1128/
cmr.00079-21

Tenenbaum, T., Bloier, C., Adam, R., Reinscheid, D. J., and Schroten, H. (2005).
Adherence to and invasion of human brain microvascular endothelial cells are
promoted by fibrinogen-binding protein FbsA of streptococcus agalactiae. Infect.
Immun. 73 (7), 4404-4409. doi: 10.1128/IA1.73.7.4404-4409.2005

Tenenbaum, T., Spellerberg, B., Adam, R., Vogel, M., Kim, K. S., and Schroten,
H. (2007). Streptococcus agalactiae invasion of human brain microvascular
endothelial cells is promoted by the laminin-binding protein Imb. Microbes
Infect. 9 (6), 714-720. doi: 10.1016/j.micinf.2007.02.015

Tian, X. Y., Zheng, N, Han, R. W., Ho, H., Wang, ., Wang, Y. T,, et al. (2019).
Antimicrobial resistance and virulence genes of streptococcus isolated from dairy
cows with mastitis in China. Microb. Pathog. 131, 33-39. doi: 10.1016/
j.micpath.2019.03.035

Tomazi, T., de Souza Filho, A. F.,, Heinemann, M. B., and Dos Santos, M. V.
(2018). Molecular characterization and antimicrobial susceptibility pattern of
streptococcus agalactiae isolated from clinical mastitis in dairy cattle. PloS One
13 (6), €0199561. doi: 10.1371/journal.pone.0199561

Wu, X, Hou, S., Zhang, Q., Ma, Y., Zhang, Y., Kan, W., et al. (2016). Prevalence
of virulence and resistance to antibiotics in pathogenic enterococci isolated from
mastitic cows. J. Vet. Med. Sci. 78 (11), 1663-1668. doi: 10.1292/jvms.15-0718

Yang, Y, Liu, Y., Ding, Y., Yi, L., Ma, Z, Fan, H,, et al. (2013). Molecular
characterization of streptococcus agalactiae isolated from bovine mastitis in
Eastern China. PloS One 8 (7), €67755. doi: 10.1371/journal.pone.0067755

Zadoks, R. N., Middleton, J. R., McDougall, S., Katholm, J., and Schukken, Y. H.
(2011). Molecular epidemiology of mastitis pathogens of dairy cattle and
comparative relevance to humans. J. Mammary Gland Biol. Neoplasia 16 (4),
357-372. doi: 10.1007/s10911-011-9236-y

frontiersin.org


https://doi.org/10.3390/ani10091489
https://doi.org/10.1186/s12879-022-07382-7
https://doi.org/10.3168/jds.2020-19139
https://doi.org/10.1017/S0022029922000152
https://doi.org/10.1128/jcm.41.10.4688-4694.2003
https://doi.org/10.1128/jcm.41.10.4688-4694.2003
https://doi.org/10.19305/j.cnki.11-3009/s.2019.09.001
https://doi.org/10.19305/j.cnki.11-3009/s.2019.09.001
https://doi.org/10.1073/pnas.95.6.3140
https://doi.org/10.1016/s0196-9846(17)30022-8
https://doi.org/10.1128/AAC.02158-18
https://doi.org/10.1128/AAC.00596-08
https://doi.org/10.1111/aji.13501
https://doi.org/10.1111/j.1469-0691.2006.01508.x
https://doi.org/10.1111/j.1469-0691.2006.01508.x
https://doi.org/10.1111/jfd.13568
https://doi.org/10.1371/journal.pone.0212372
https://doi.org/10.1371/journal.pone.0212372
https://doi.org/10.1128/AAC.47.2.794-797.2003
https://doi.org/10.1128/AAC.47.2.794-797.2003
https://doi.org/10.1128/JCM.00159-07
https://doi.org/10.1111/jam.14501
https://doi.org/10.1016/j.vetmic.2012.07.043
https://doi.org/10.1093/infdis/jiq047
https://doi.org/10.1111/tbed.12073
https://doi.org/10.3168/jds.2012-5594
https://doi.org/10.3168/jds.2012-5594
https://doi.org/10.1186/1471-2180-12-215
https://doi.org/10.1086/603540
https://doi.org/10.3390/antibiotics11030397
https://doi.org/10.3168/jds.2007-0101
https://doi.org/10.1007/s11250-012-0167-4
https://doi.org/10.1089/mdr.2017.0139
https://doi.org/10.1128/cmr.00079-21
https://doi.org/10.1128/cmr.00079-21
https://doi.org/10.1128/IAI.73.7.4404-4409.2005
https://doi.org/10.1016/j.micinf.2007.02.015
https://doi.org/10.1016/j.micpath.2019.03.035
https://doi.org/10.1016/j.micpath.2019.03.035
https://doi.org/10.1371/journal.pone.0199561
https://doi.org/10.1292/jvms.15-0718
https://doi.org/10.1371/journal.pone.0067755
https://doi.org/10.1007/s10911-011-9236-y
https://doi.org/10.3389/fcimb.2022.1049167
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Molecular epidemiology, drug resistance, and virulence gene analysis of Streptococcus agalactiae isolates from dairy goats in backyard farms in China
	Introduction
	Materials and methods
	Sample collection, bacterial isolation, and identification
	Multilocus sequence typing (MLST)
	Antibiotic susceptibility testing
	Detection of resistance and virulence genes

	Results
	Isolation and identification of S. agalactiae
	MLST analysis
	Antimicrobial susceptibility and resistance genes
	Detection of virulence genes

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


