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ABSTRACT

The aim of this study was to investigate the genotypic characteristics of environmental
Streptococci (Streptococcus uberis and Streptococcus dysgalactiae) isolated from subclinical
mastitis (SCM) cases, and to examine the possible association of some virulence genes
between both species. Samples collected from 4 dairy farms, (653) quarter milk samples / 169
animals from 2 dairy cow's farms and (531) quarter milk samples / 135 animals from 2 dairy
buffalo's farms were examined by California mastitis test (CMT). The results of CMT scores
1, 2 and 3 positives were 373 quarters (57.1%) divided into 75 (20.1%), 122 (32.7%) & 176
(47.2%) in cow's dairy farms. On the other hand, the results of CMT scores 1, 2 and 3
positives were 219 quarters (41.2%) divided into 94 (42.9%), 81 (37.0%) & 44 (20.1%)
respectively in buffalo's dairy farms. A total of 79 (21.2 %) & 33 (15.1 %) environmental
Streptococcus spp. were isolated from 373 & 219 positive (CMT) cow's quarters milk
samples and buffalo's quarters milk samples, respectively. The isolates were identified
biochemically as 34 (43.0%) S. uberis, 25 (31.6%) S. dysgalactiae and 20 (25.3%) other
streptococci in cows' milk samples and 16 (48.5%) S. uberis, 10 (30.3%) S. dysgalactiae and
7 (21.2%) other streptococci in buffalos' milk samples. Meanwhile, PCR method revealed a
total of 68 (18.2%) & 27 (12.3%) environmental Streptococci isolated from cow's quarters
milk samples and buffalo quarters milk samples, respectively. 29 (42.6%) S. uberis, 17
(25.0%) S. dysgalactiae and 22 (32.4%) other streptococcus in cow's samples and 11 (40.7%)
S. ubris, 8 (29.6%), S. dysgalactiae and 8 (29.6%) other streptococcus in buffalo samples.
The S.uberis and dysgalactiae strains were characterized genotypically by the presence of

virulence genes: plasminogen (mig) and streptokinase (sk) in S. uberis strains and haemolysin
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(hl) and surface protein (sp) in S. dysgalactiae strains. S. uberis strains expressed these genes
were (3.4 % and 6.9%) in cows' isolates and it was (12.5% and 0%) in buffalos' isolates,
respectively. S. dysgalactiae strains which have these genes were (11.8 % and 0%) in cows'
isolates meanwhile it was (18.2% and 0%) in buffalos' isolates, respectively.Virulence profiles
were identified on the basis of the combination of virulence factors. Bovine S. uberis and
S. dysgalactiae isolates causing SCM included in the present study showed pathogenicity in
regard to their genotypic characteristics.
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INTRODUCTION

Mastitis, inflammation of the mammary gland, can be caused by a wide range of organisms,
including Gram-negative and Gram-positive bacteria, mycoplasmas and algae. Many
microbial species that are common causes of bovine mastitis, such as Escherichia coli,
Klebsiella pneumoniae, Streptococcus agalactiae and Staphylococcus aureus may occur as
commensals or pathogens of humans, whereas other causative species, such as Streptococcus
uberis and Streptococcus dysgalactiae subsp are almost exclusively found in animals.
(Ruth et al., 2011).The term "environmental streps." often is used to replace the terms*
non-agalactia streptococci” and refers to all forms of streptococcal bacteria other than
Streptococcus agalactiae that are capable of causing mastitis in dairy cows. The most two
common forms of environmental streptococci are S.dysgalactiae and S.uberis. This study will
focus mainly on S.uberis and S. dysgalactiae infections as they are the environmental
streptococcus bacteria that commonly found in dairy herds. S.uberis is one of the most
important environmental pathogens implicated in bovine mastitis, accounting for a significant
proportion of subclinical intramammary infections (Phuektes ef al., 2001) and (Poelarends
et al. 2001). Severe economic impact is caused by subclinical infections, which may hamper
the control of mastitis because they often go unnoticed and untreated, resulting in long
duration of the infection (Wilson et al., 1997). Moreover, economic losses are also caused as
result of the failure to eradicate S. wberis mastitis through management that controls
transmission of contagious mastitis (Leigh 1999). Several potential S. uberis virulence factors
have been proposed, including plasminogen activator factor (PAF) (Rosey et al., 1999),
streptokinase (SK), haemolysin (HL) hyaluronidase (HYA) (Oliver et al., 1998) and
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(Schaufuss et al., 1989). Molecular studies have yielded evidence for the predominance of
particular strains in some herds suggesting that it could be the result of differences between
strains in pathogen virulence (Baseggio et al., 1997) and (Phuektes et al., 2001).
The epidemiology of S. dysgalactiae subsp. dysgalactiae is poorly understood. It has been
described as a contagious pathogen (Fox, 1993) and as an environmental pathogen
(Sommerhiuser ef al, 2003), but environmental sources have not been investigated.
Evidence for the dual nature of this pathogen comes from intervention studies conducted in
the 1960s (Neave et al., 1969) and from molecular studies conducted in the 1990s. The focus
of this paper is part of “molecular epidemiology”, which we interpret as the use of
DNA-based characterization of micro-organisms at the Gram positive environmental streptococcus
subspecies level to understand their virulence characteristics, and to a review of use of

molecular epidemiology in veterinary practice for applications and interpretations.

MATERIAL AND METHODS

This study was carried out with 304 lactating animals (169 cows and 135 buffaloes) in
Kafr El-Sheikh Governorate. 1226 quarter milk samples, 653 cow quarters and 531 buffaloes'
quarters in addition to 46 (23&9 cows’ and buffalos' blind quarters)] were collected from
apparently healthy udder of lactating animal with normal milk. Milk samples were cultured
and bacterial isolates were identified as environmental streptococci with specific biochemical
tests and PCR. Also the selected virulence genes were confirmed in the identified strains by
molecular technique.

In a clean environment, thoroughly wiping the teats with 70% ethyl alcohol with paying extra
attention to teat orifice was applied. After discarding the first few milk squirts, a milk samples
were subjected to the CMT (Schalm et al., 1971).

CMT-positive quarters' milk samples were collected under aseptic conditions in labeled
sterile screw caped bottles. According to the visible reaction of the CMT, the results were
classified into four scores: 0 = negative or traces (no change in consistency), 1 = slightly
positive (+), 2 = positive (++) and 3 = highly positive (+++). Scores 1, 2 and 3 depend on the
degree of gelation that were indicated by gelatinous mass (Schuppel and Schwope, 1998).
Ten milliliters of the each positive CMT milk samples were centrifuged. The sediment was
suspended with equal volumes of sterile distilled water. Loopful from the prepared milk

samples were streaked on Edward agar and incubated at 37 °C for 48 h. Colonies were
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identified by morphology, cultural characters and biochemical as well as by molecular means
(Cruickshank, 1970) and (Quinn et al., 2011).

A boiling procedure was used to extract DNA from selected bacterial strain according to
(Reischl et al., 1994). Extracted DNA were examined for detection of 16S gene, (gene
encoding species specific for streptococci), and some virulence genes for 2 major isolates
species (S. uberis and S. dysgalactiae) as (mig and skc genes) and (pau, and hl genes) were
performed (Johnsen et.al., 1999).

All assays were carried out by using total volume of 25ul reaction mix contain 5ul of template
DNA, 20 pmol of each primer (Metabion international AG, Germany), and 1X of PCR mix
(PCR Master Mix, Fermentas, Life Science). The PCR cycles were carried out in Eppendorf
AG (22331 Hamburg) thermocycler. Detailed sequences of primers and cycling protocols are
depicted in (Table 1), In (Table 1), the analysis of PCR products was carried out using 1.5 %

ethedium bromide stained agarose.
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Table (1):primer sequences, target genes and cycling profiles of PCR assays used in the study.

S Primers PCR program Sequence (5'-3) (Sl:f:): Reference
94°C/2m 16s rRNA F:
1 Streptococcus 55°C/2m 30 | GAT ACATAG CCG ACCTGA GA 561 Pradhan
Spp- 72°C/1m cycles 16s rRNA R: etal. (2011)
AGG GCC TAA CACCTAGCACT
94°C/2m 16S-23S rDNA ISR F:
) dys 55°C/2m 30 TGGAACACGTTAGGGTCG 270 Forsman
72°C/1m cycles 16S-23S rDNA ISR R: et al. (1997).
CTTTTACTAGTATATCTTAACTA
94 °C/30 s 16S-23S rDNA ISR F:
3 sub 55 °C/30 s 35 TAAGGAACACGTTGGTTAAG 330 Forsman
72 °C/30 s cycles 16S-23S rDNA ISR R: et al. (1997).
TCCAGTCCTTAGACCTTCT
5'-CTC CTC TCC AAC AAA GAG
94°C/30s | 35 G-3 Johnsen
4 sk 52 °C/60 s SKC-11 475
72°C30s | Y | 57.GAA GGC CTT CCC CTT TGA et. al. (1999)
AA-37
94°C/45s 5'-AAT AAC CGG TTA "’FGA TTC Rosey et dl.
5 pau 54°C/60s 30 , CGA CTA C-3 439 (1999)
729C/60s cycles | 5-AAA ATT TAC TCG AGA CTT
CCT TTA AGG- 3’
94°C/45 Forward:
0 35 GCC AAA GCC GAA TCT AAG Shunkhnand
6 hl 57°C/60s 248
720C/80s cycles Reverse: et al. (2005)
CGC ATATAC ATCCCATGGC
94°C/2m Forward:
. o 30 CGTTTTTAGTTTCGGGAGCA Akineden
7 mig 55°C/2m 950
72°C/1m cycles Reverse: et al. (2001)
TGCCTTCAATTGAGTCTGCTG

All PCR programs started with initial denaturation at 94°C for 4 minutes and were ended with

final extension at 72°C for 10 minutes.
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RESULTS
Table (2): Relation between positive CMT scores and degree of quarter attack.
Total CMT categories
Animal No. of Blind | Examined | positive
Spp. Animals | Quarters | Quarters CMT CMTH CMT2 CMT3
No.| % |[No.| % |No.| % |No.| %
Cows 169 23 653 373 |57.1 | 75 | 20.1 | 122 | 32.7 | 176 | 47.2
Buffaloes 135 9 531 219 | 41.2 | 94 | 429 | 81 [ 37.0 | 44 | 20.1

California mastitis test (CMT).

Table (3): Incidence of environmental streptococci isolated from positive CMT of cows' milk

samples based on biochemical and PCR tests.

Total positive Types of isolated environmental streptococci
environmental based on biochemical tests
Test type
streptococci Other environmental
S. uberis S. dysgalactiae
n (373) streptococci
No. % No. % No. % No. %
Culture 79 21.2 34 43.0 25 31.6 20 253
PCR 68 18.2 29 42.6 17 25.0 22 324

Table (4): Incidence of environmental streptococci isolated from positive CMT of buffaloes'

milk samples based on biochemical and PCR tests.

Total positive Types of isolated environmental streptococci
environmental based on biochemical tests
Test type
streptococci Other environmental
S. uberis S. dysgalactiae
n (219) streptococci
No. % No. % No. % No. %
Culture 33 15.1 16 48.5 10 30.3 7 21.2
PCR 27 12.3 11 40.7 8 29.6 8 29.6
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Table (5): occurrence of virulence genes in some environmental streptococcal isolates in

cows and buffaloes milk samples.

Target of Ol leotid C Buffal
. igonucleotide ow uffaloes
Streptococcus Environmental gP . ) q l
rimer samples amples
genes Streptococcus
strains
No. % No. %
Heamolysin (hl) gene 2/17 | 11.8 | 2/11 18.2
Surface expressed| S. dysgalactiae
(mig) gene 0 0 0 0
protein
Plasminogen (pau) gene 129 | 34 1/8 12.5
S. uberis
Streptokinase (sk) gene 2/29 | 6.9 0 0

Fig. (1): Electrophoresis gel show the results of PCR amplification of Streptococcus spp.
gene (561 bp) analyzed on 1.5% agarose gel, Lane M: 100 bp DNA ladder; PCR
amplified 561 bp product of Streptococcus spp. Positive Lanes 2,3,4, 5,9, and 10.
Lanes 1, 6, 7, and 8 were negative.
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Fig. (2): Electrophoresis gel show the results of PCR amplification of (sub) gene of S. uberis
gene analyzed on 1.5% agarose gel, Lane M: 100 bp DNA ladder; Lane N: negative
control; PCR amplified 330 bp product of S. uberis Positive Lanes 4, 5, 7, and 8.
Lanes 1, 2, 3, 6 and 9 were negative.

Fig. (3): Electrophoresis gel show the results of PCR amplification of (dys) gene of
S. dysgalactiae gene analyzed on 1.5% agarose gel, Lane M: 100 bp DNA ladder;
PCR amplified 270 bp product of S. dysgalactiae Positive Lanes 3 and 5. Lanes 1, 2,
4, 6,7, 8 and 9 were negative.
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Fig. (4): Electrophoresis gel show the results of PCR amplification of haemolysin gene (4/) of
S. dysgalactiae gene analyzed on 1.5% agarose gel, Lane M: 100 bp DNA ladder;
PCR amplified 248 bp product of S. dysgalactiae Positive Lanes 2, 7 and 9. Lanes
1,3,4,5, 6 and 8 were negative

Fig. (5): Agarose gel electrophoresis of products on a 1.5% agarose gel from PCR of
plasminogen activator (pau) gene, Lane M: 100 bp DNA ladder; Lane 4: PCR
amplified 439 bp product of (pau) gene Positive; others lanes were negative.
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Fig. (6): Agarose gel electrophoresis of products on a 1.5% agarose gel from PCR of
Streptokinase gene (sk), Lane M: 100 bp DNA ladder; Lane: PCR amplified
475 bp product of skc gene Positive; Lanes 2-5 and other lanes are negative.

DISCUSSION

Mastitis, particularly the subclinical type, is one of the most persistent and widely spread
disease conditions of importance to milk hygiene and quality among dairy cattle worldwide
(Coulon et al., 2002). S. uberis and S. dysgalactiae are well-recognized worldwide environmental
agents of subclinical mastitis in bovines. In Kafr El-Sheikh Governorate, Egypt, data on
virulence factors profiles and PFGE patterns of these microorganisms are not available. In the
present study, we investigated the genotypic characteristics of S. uberis and S. dysgalactiae
isolates from cows and buffaloes with subclinical mastitis in dairy farms of the Kafr
El-Sheikh Governorate, a highly populated area where many of the most important dairy
farms are located. In this investigation, studies were run on subclinical mastitis for totally 169
dairy cows as well as 135 dairy buffaloes distributed in different farms, along a whole season
through field screening surveys by using of the CMT for each quarter milk sample.
As showed in (Table 2) of 653 quarters of cows' milk, 373(57.1%) were positive CMT,
classified into three categories as follow: 75 (20.1%) one plus (CMT 1), 122 (32.7%) two plus
(CMT 2) and 176 (47.2%) three plus (CMT 3). These results were higher than results reported
by (Ahmed and Mohammed, 2010) which could be attributed to infected farms zone as well
as bad management and poor hygiene. In case of buffalo milk of 531 quarters examined, 219
(41.2%) were CMT positive. These results were less than that of cows, quarters and this is

may be due to high defense mechanisms of buffalo udders. This result was divided into 94

318 | ppptactmed rFasae 76 20 3 309~ 325 /2076/




MOLECULAR 3TUDY 0F 30ME VIRULENCE GENES OF

(42.9%), 81 (37%) and 44 (20.1%), represented CMT1, CMT2 and CMTS3, respectively.
The high prevalence of CMT positive cases were agreed with (Ismail and Hatem, 1998) in
Egypt under nearly same condition of management. Also (El-Balkemy et al., 1997) reported
nearly the same results. Many investigations (Dingwell ef al., 2003 and Milne ez al., 2003)
had assured that bacteriological culture is the gold standard method for identifying intra
mammary infection (IMI) but till nowadays the bacteriological sampling is not feasible as a
routine test to identify subclinical mastitis so we need to do molecular identification as a more
accurate and sensitive test specially for identification of environmental streptococci.
In (Table 3) total culture test results of environmental streptococci in cow’s milk showed
higher percentage (21.2%) than PCR results (18.2%), this is a logic result due to the accuracy,
sensitivity and specificity of molecular identification. Also S.uberis reported an elevated rate
(43%) than S. dysgalactiae (31.6%) from culture results, meanwhile it was (42.6%) and
(25%) from PCR results in S.uberis and S. dysgalactiae, respectively. On the other hand, our
investigation detected that other environmental streptococci were isolated in the % of (25.3%)
and (32.4%) by culture and PCR investigations respectively. Nearly the same results were
detected by El-Attar et al. (2002) and Dego and Tareke (2003). In (Table 3) the present
result was (15.1%) and (12.3%) as a total positive environmental streptococcus in culture and
PCR, respectively. These results were divided to (48.5%) and (30.3%) for S.ubris and
S. dysgalactia in culture results, meanwhile it was (40.7%) and (29.6%) for both strains in
PCR results, respectively. On the other hand, our investigation gave result of (21.2%) and
(29.6%) for other environmental streptococci reported by culture and PCR techniques.
All these results were in accordance with many studies applied also in Africa. In southern
Ethiopia, (Dego and Tareke, 2003). In Tanzania (Mdegela et al., 2005) found traditional
animals more resistant for environmental streptococcal infection than imported dairy animals.
In Algeria, (Ghazi and Niar, 2006) found that local buffalo breed is more resistant compared
to the imported cow's ones for the intra mammary infection. However, more studies are
needed to shed more light on this differential udder infection rates between local and imported
breeds. In (Table 4) our results obtained from buffalo milk samples were (15.1%) and
(12.3%) as a total positive environmental streptococcus in culture and PCR respectively.
These results were divided to (48.5%) & (30.3%) for S. uberis and S. dysgalactiae in culture
results, meanwhile they were (40.7%) & (29.6%) for both strains in PCR results, respectively.
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On the other hand, this investigation gave isolation rate of (21.2%) & (29.6%) for other
environmental streptococci reported by culture and PCR techniques, respectively. All these
results were in accordance with many studies applied also in Africa. In southern Ethiopia,
(Dego and Tareke (2003). In Tanzania (Mdegela et al. 2005) found traditional animals more
resistant than imported dairy animals. In Algeria, (Ghazi and Niar 2006) found that local
buffalo breeds were more resistant compared to the imported cow's ones, however, more
studies are needed to shed more light on this differential udder infection rates between local
and imported breeds. (Table 5) collected the results of occurrence of virulence genes in
S. uberis and S. dysgalactiae isolates in cows and buffaloes milk samples, in which incidence
of sk gene pau gene were 2/29 (6.9%), 1/29 (3.4%) examined, respectively, these results of
plasminogen activator factor (Rosey et al., 1999). While incidence of sk gene were not
detected from the twenty-nine samples, but (pau) gene incidence was1/8 (12.5%) in buffalo's
samples. Incidence of S. dysg virulence gene (mig) were not detected from the seventeen
samples, while A/ gene incidence was 2/17 (11.8%) in cow's samples, while incidence mig
gene not detected from the eleven samples (4/) gene 2/11 (18.2%) in buffalo's samples, these
results of streptokinase (SK), hemolysis (4/) in agreement with Oliver et al. (1998) and
Schaufuss ez al. (1989).

CONCLUSION

Controlling S. wuberis and S. dysgalactia infections remains an important task causing subclinical
mastitis. This study makes stress and put high light on these microorganisms as un-intentioned
and a hidden cause of udder problems.
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