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ABSTRACT 

This study was carried out on 53 milk samples positive for California Mastitis Test taken 
from eight herds infected with clinical mastitis in Taif City. Mean Somatic cell Count (SCC) 
was 4, 482, 000 cells I ml. Forty-eight (51.06%) E .coli strains were isolated from bovine 
mastitic milk by bacteriological methods. 

From these E .coli strains, 27 were characterized with regard to their serotype 
and their DNA polymorphism pattern with REP and ERIC primers. special attention 
was given to recurrent E .coli mastitis in cows . For studying the epidemiology of 
clinical E . coli mastitis, the combination of serotype and DNA pattern detected , was 
used in this investigation .It was assured that the PCR reaction with the ERIC 
primers can be used in the field of E. coli strains identification. Based on the DNA 
polymorphisms patterns of E . coli isolates from clinical mastitic cows , it revealed 
that isolates have a great variations in regard to their genotypes . 

During the same lactation period, it was detected more than one clinical 
mastitis case associated with E . coli, but this clinical mastitic occurrence was 
irregularly. Whatever the occurrence, at this rate, E . coli strains isolated from the 
separate episodes of inflammation , were for the most part, of the same serotype and 
had the same DNA amplification pattern . Therefore, the PCR DNA amplification 
method can not replace serotyping in epidemiological studies . 

Introduction 

Mastitis has been recognized for some time as the most costly disease in dairy 
herds (2) . It remains a major challenge to the worldwide dairy industry despite the 
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widespread implementation of mastitis control strategies ( 1 ) . The last forty years 
have seen a dramatic decrease in clinical mastitis incidence , but this has been 
accompanied by a change in the relative and absolute importance of different 
pathogens ( 1 ) . There are several pathogens caused clinical and subclinical bovine 
mastitis ( 16 , 28 , 36 ) , but the important bacterial causes of mastitis are : 

Staphylococcus aureus , Escherichia coli , Streptococcus spp . Klebsiella spp 
Pseudomonas spp Proteus spp ·· Candida albicans (27) , and other microbes . 

Mastitis caused by E. coli is a major disease in cows ( 35 ) . The reason for 
the importance of E . coli mastitis is its increasing incidence and the severe 
symptoms like milkdrop and fever ( 35 ) . A possible explanation for this increase is 
the fact that farmers for economic reasons , are forced to achieve a low somatic cell 
count using management practices like dry cow treatment ( use of antibiotics in the 
non- pathogenic period ) and post-milking teat disinfection ( 10 , 34 , 35 ) . Most 
probably, the number of nonlactating bacteria is diminshed by these methods which 
leads to a low concentration of polymorphic nuclear cells in the milk . This would 
render cows more susceptible for mastitis caused by environmental bacteria like E . 
coli (20 ) . Discrimination between virulent and non virulent strains of E .coli will 
allow proper diagnosis of cows infected by that bacteria and identification of carrier 
cows . E .coli strains isolated from cases of mastitis have been examined for the 
presence of common virulence factors sush as fimbriae (32) , but unlike in E . coli 
causing enterotoxicosis in pigs and calves no special serotyp or virulence factors (like 
toxins or fimbriae ) were found (39, 43) . In pathogenicity studies, it could never be 
demonstrated that adhesion of E.coli to udder epithelium , is a first step in the 
mastitis infections , in analogy to adhesion of E.coli to bladder epithelium in uro­
pathogenic infections (9) . Most urinary tract infections (UITs) among otherwise 
healthy women are caused primarily by E. coli (24) . Certain 0 : K : H serotypes 
and virulence factors occur , more frequently in urinary than faecal isolates , 
suggesting that uro pathogenic E . coli are different from normal bowel inhabitants 
(17) . However, they are also a diverse group :20 0 : K: H serotypes that have been 
associated with pyelonephritic infection ( 17) . 

Furthermore, when frrst- time UTI isolates were grouped by the presence or 
absence of nine putative UTI virulence genes , 36 groups were observed (7). Human 
enterohaemorrhagic coli ( EHEC ) infection most commonly arises , either directly 
or indirectly, from cattle, which act as a reservoir host for these bacteria (4) . Based on 
epidemiological studies (22) , it was hypothesized that cows are infected with E . coli 
strains from their environment ( faeces or straw ) . 

However, strains originated from Finland and Israel, showed differences in the 
proportion of mastitis caused by E .coli, clincal pictures of coliform mastitis , 
environmental conditions and herd management( 18). 

Whatever the cause, the reason for that hypothesis or this establishment , 
it was the wide range of serotypes observed in clinical mastitis strains and the 
absence of long term E .coli udder infections that might have led to cow to 

37 



Genetic Studies on Escherichia Coli Strains Isolated From Cases of Bovine Mastttis 

cow infections (21) . In the recent years , DNA Fingerprinting has become 
available for epidemiological research. A polymerase chain Reaction ( PCR ) with 
primers on repetitive sequences in the DNA can be performed to identify strains ( 8, 14, 
19 , 23 ). This method to differentiate between E . coli strains is simple , fast and less 
expensive than traditional methods of serotyping . Chromosomal DNA (chromosomal 
genotypes ) from Enterobacteriaceae contains several repetitive sequences e.g. 
Repetitive Extragenic palindromic ( REP ) and Enterobacterial Repetitive Intergenic 
consensus (ERIC) sequences ( 41 , 42) .These and other sequences can be used for 
fingerprinting strains as was shown in epidemiological studies on cases of methicillin 
- resistant Staphylococcuus aureus infections or S .aureus bovine mastitis ( 40 , 26 , 33 ) 
The band pattern of the amplified DNA obtained after electorophoresis was found to be 
specific for the different S.aureus strains tested as stated by several workers (22 ,13 
, 19 ,8 ,23 ). Threfore , the presence and size of the observed PCR products can be 
used to genotype the bacteria (22,19,23). The present study showed for the frist time 
that genetically and serotypically methods for identifying, E .coli isolates causing 
clinical mastitis in cow is possible and easy . In this study it is shown that 
diferentiation between the genotypes of E .coli strains isolated from clinical mastitis 
of cows using a PCR amplification method with ERIC primers can also be 
possible (13, 22). 

Therefore , those modem methods - based on identifying genotypes and serotypes 
of E . coli isolated from clinical mastitis of cows tested , have been confirmed by many 
researchers ( 22 , 13 , 23 , 8 ) . The aim of this study is to screen E . coli isolates for 
serotypes and genotypes to specify its role in clinical bovine mastitis in Taif City in K . S 
. A. In addition, it was aimed to investigate the most accurate methods in the field of 
diagnosis of clinical bovine mastitis , then the bacterial strains that responsible for 
infection of udder in the lactation period . 

Materials And Methods 

Sample collection 53 samples of milk were collected from (53) cows with clinical 
mastitis , related to eight herds with a low Bulk milk somatic cell count as described 
previously ( 5 , 29 , 38 ) . Environmental samples included hay, straw , faeces and skin 
dirt were also taken from five farms except farms numbers 2, 7 and 8 . 

Bacterial Examination Environmental samples and the milk samples (0.01 ml) were 
subjected to bacterial cultivation on Blood Agar Base No . 2 . plus 7 % sterile Blood 
(0 xoid) or 6 % Bovine Blood Agar ( Both aerobically and anaerobically ) , on 
MacConkey Agar w/ ( 0.15 % ) Bile salt , CV & Nacl ( HiMedia L . L . ) , on 
MacConkey Agar No.3 . ( LAB . Topley House ), on Brain Heart Infusion Agar ( 
HiMedia L . L .) , and on TCT medium ( Thallium Sulphate , Crystal Violet , 
Staphylococcus B toxin) (Merck). Mannitol Salt Agar used as a selective medium 
for the isolation of pathogenic Staphylococci. 

Baird Parker Agar Base was used for the isolation and enumeration of coagulase 
positive Staphylococci from milk samples ( HiMedia L . L .) . Agar plates were 
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incubated at 37 C and bacterial growth was evaluated after 24 and 48 hours. Gram 

negative microorganisms were isolated from the MacConkey Agar and determined to 
species level using cytochrome oxidase , triple sugar iron agar, Urea and indole tests . 
These tests were done according to advised laboratory methods ( 6 , 37 ) . 

Isolates of E . coli were selected from recurrent infections ( 15 /27 ) and chosen at 
random ( 12/27 ), from a total of (94) strains isolated in this study. 

Counting of Somatic Cells and California Mastitis Test ( C . M . T ) 

Somatic cells Counting by the Coulter Counter Method , California Mastitis Test 
and bacteriolgical examination were performed on milk samples taken at farms as 
soon as after collecting by using an accurate procedure done already ( 38, 12, 5 ) . 

Isolation of DNA 

Luria broth and chromosal DNA ( chromosomal genotypes) of E . coli isolates 
from milk samples , hay , straw , Faeces and dirt of skin ) of cows with clinical mastitis 
were examined to find possible clonality of the isolates by standard procedures ( 31 ) . 

Serotyping Methods 

_Determination of the 0-serogroups of the strains was carried out at the college of 
Veterinary Medicine , AI- Baath University , Horns , Syria , according to the 
Determinating standard methods (Lipman, 1995) . 

Polymerase Chain Reaction 

This was performed as described by Lipman. L . J . A .(22 )Each 50 r..tl PCR 

reaction contained 50 pmol of2 primers (Figure 1), 100 ng of template DNA, 1.25 mM 

of each 4 dNTPs , 2U Taq DNA polymerase (pharmacia) in a 10 x PCR buffer 

containing 500 mM KCL , 100 mM Tris I HCl (pH 9.0) , 15 mM MgCh, 1 % Triton 
X - l 00 and 0.1 % gelatine . PCR amplification was performed in an automated thermal 
cycler (Hybaid Omnigene). The PCR amplification schedule was: 

Denaturation (95C , 1 min ) , annealing (REP 45 C 1 min, ERIC 50. C 1 min ) and 

extension ( 65 C 8 min ) with a final extension ( 65 C 16 min.) . 

Electrophoresis was done in 1 % agarose gel containing 1 x TBE ( Tris Borate - EDT A , 
0.5 1-1g ethidium bromide). 
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REPs ·occ0 TGATGNCG0 TCGNNNNN° AcocTCTTATcc AooccTAC-3· 
Consensus 
REPlR-13 · -CGGICTACIGCIGCI I I I-5· 
REP2-I 5 ·-ICGICTTATCIGGCCTAC-3· 
ERIC 5 ·GTGAATCCCCAGGAGCTT ACATAAGTAAGACTGGGGTGAGCG-3' 
Consensus 

ERIClR 3" -CACTTAGGGGTCCTCGAATGTA-5 I 

ERIC2 5" -AAGTAAGTGACTGGGGTGAGCG-3" 

Figure 1: Oligonucleotide design 

Results 

It is evident from the results given in table(l ), that the mean Somatic Cell 
Count (SCC) per/ ml for all samples was (4,482,000). 

Table (1): Somatic cells (leucocytes) count (SCC) (cells/ml) of milk samples 

Herd SCC (cells I ml) 
I 

Mean of the total Mean of SCC in I number 

Maxllnum I 
Minimum& eight herds 

Minimum 
Maximum 

SSC (cells I ml) 

1 2,500,000 4,160,~ 
2 3,220,000 5,630,000 ' 
3 3,470,000 5,972,000 i 
4 I 2,992,000 3,889,000 I 
5 4,763,000 5,924,000 
6 3,551,000 4,672,000 J 
7 5,111,000 5,844,000 ) 

I 

8 4,775,000 5,238,000 

I 
I 

Total 30,382,000 41,329,000 35,856,000 I 4,482,000 

Moreover, the isolation percentages of E. coli and staphylococcus aureus were 
51 .06% and 48 . 94% , respectively (Table 2 ). Neither other bacterial strains nor fungi 
could be detected. 

40 

I 



Abdullah D. AI- Talhl , Munir M. AI- Bashan 

Table (2): Bacterial strains isolated from mastitic milk samples. 

Hard No. of No. of 
T Types of microorganisms isolated I 

and their number 
and farm examined strains 

Staphylococcus 
number % isolated E. coli spp No. 

aureus No. 
-~ ,...-~ 

1 _7 12 5 7 
2 5 10 6 4 

_3 6 13 8 5 
4 6 8 4 4 
5 5 9 I 4 5 
6 8 17 9 ~ 

: 7 9 11 5 6 

i 8 7 14 7 7 
1 Total 53 94 48 46 

I % I 51.06% 48.94% 

The results indicated that 27 E. coli strains were isolated from milk samples of 
15 cows from eight herds (Table 3). 

In 3 cows, repeated episodes of E . coli clinical mastitis cases occurred during one 
lactation in the same quarter . 

Table (3) : Serotype and genotype code of E . coli strains isolated form cows 
infected with clinical mastitis occurred during a period of 1-6-2002 to 11-

10-2002. 

1

- -,l·-·--· Herd and Farm . 
b 

Stram number 
num er 

1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1----------- -----~--------

2 

3 

10 
11 
12 

13 
14 

41 

04K-
04K-

0150K-
0150K-
0150K-
0150K-
0150K-
0150K-
0150K-

08K-
08K-
08K-

A 
A 
B 
B 
B 
B 
B 
B 
B 

c 
c 
c 

---------
Untyp. D 
Untyp·----'----~0 ___ __. 
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4 I 15 Ol04K- E 
16 Untyp. E ------· 
17 Untyp. F 
18 Untyp. G 

5 19 Untyp. G 
20 Untyp. G 
21 Untyp. G 
22 Untyp. H 

6 23 0150K- I 

I 24 05K- J I 

7 j 25 0105K- J I 26 OIK- K 
8 I 27 074K- L 

Serotyping and genotyping of E . coli strains isolated from cows infected with 
clinical mastitis . could be differntiated from each other on the basis of DNA isolation , 
determination of the 0 - serogroups , and polymerase chain reaction (PCR), i . e . 
serotype and genotype classification . 

Seven different serotypes and seven untypable strains were determined (Table 
3) . Differentiation of isolated strains could be achieved by the presence and size of their 
PCR products (genotype). The sizes of the PCR products ranged from 1.5 kb to 250 bp 
(Figure 2). 

Amplification of DNA with ERIC primers was found to be more reproducible , 
compared to DNA amplification with REP primers . For example strains 5 and 6 , did 
not react at all with the primers or yielded non reproducible patterns ( results not shown 
) . A total of 12 different genotypes was detected, out of the 27 isolated strains, with the 
ERIC primers ( Table 3 , Figure 2 ) . 

Nine strains that were untypable with reference to their serotype could be 
typed in different genotypes ( e .g strain 13 genotype D and strain 22 genotype H) and 
strains with the same serotype could be differentiated in different genotypes ( e . g . strain 
3 serotype 0 150k- , genotype B , and strain 23 serotype 0 150k- , genotype I ) . 

On the other hand , out of 15 E . coli strains isolated from the environment of 
cows infected with clinical mastitis . 10 different genotypes of these isolates could 
be differentiated With regard to E . coli serotyping and genotyping , and by comparing 
the results of this study , it is clear that there is no special pathogenic E . coli 
serotype I genotype , that infects cows with mastitis . 

Also , the present study reveals no prevalent serotype I genotype of E . coli is 
predomianted within farms investigated . It is also evident that, a total of 15 recurrent 
mastitis cases with E. Coli in one lactation period occurs infrequently ( 15 cases from 53 
cases) . 
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In any case , results showed that cows developed symptoms of recurrent E. coli 
mastitis (Two cows of herd ( I ) and one cow of herd 3 ) , each time were re-infected , 
or more likely , remained infected with strains of the same serotype I genotype ( one 
cow of herd 1 on farm 1 is considered as one case of clinical mastitis with 3 samples ) . 

Two recurrent infections were detected to be caused by E . coli of different 
serotypes /genotypes , such as one cow with serotype 04k- , genotype A of the herd 1 , 
and one cow with serotype 0 l 05k- , genotype J of the herd 7. 

These results could be established again , the possibility of recurrent infections 
occun-ence with bovine mastitis on the same farm screened . 

1100 

339> 

1100 

465 > 

Figure ( 2 ): ERIC DNA amplification pattern of 27 E. coli clinical 

mastitis strains. ( M: DNA size marker bp.) 
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Discussion 

Mastitis is an inflammation of the udder and as such is a disease complex 
resulting from any condition or combination of factors leading to injury to the internal 
structure of one or more quarters . There is no standard definition of the various types 
of mastitis , generally it could be considered as clinical or subclinical , and symptoms 
may be acute or chronic . Latent infection with mastitic organisms also occurs ( 12) . 

Coliform mastitis is one of the most difficult diseases to treat in the modern 
dairy industry (3) . This study was conducted to determine the prevalence of bovine 
mastitis including , isolation , c1assification , serotyping and genotyping of E . coli 
causing the disease. (53) California Mastitis Test positive milk samples were taken 
from eight herds infected with clinical mastitis. Mean Somatic Cell Count (SCC) was 
4,482,000 cells I ml . Previous studies carried out for SCC measurments have shown 
that mean SCC was 418000 cells I m1 , and mean SCC for duplicates ranged from 9000 
to 3 966 000 cells I ml, (5) . It is generally concluded that reaction represents 2,000,000 
leucocytes (grade 2 ) or more and reaction indicates 4,000,000 (grade 3) or more 
leucocytes per ml of milk suggests a serious mastitis of the herd (12) . The grade of 
the reaction depends upon the amount of gel formation in the sample . 

Forty- eight (51.06%) E. coli strains isolated from bovine mastitis milk on 8 
dairy farms in Taif City were examined for prevalence of mastitis . Previously , many 
studies have indicated that the predominant organism among the microbes caused 
bovine mastitis was E. coli with a percentage of 16.7% (15) , whereas the isolation 
percentage of this bacteria was 2% by some workers 30 . 

However, recent studies have shown different results . Out of (160) Finnish 
and 113 Israeli E. coli isolates , altogether 49% of Finnish and 42% of Israeli isolates 
had at least one virulence gene (18) . 

In this study, E . coli mastitis strains recovered from eight herds were 
characterised with respect to serotype and DNA amplification pattern using PCR 
with ERIC and REP primers . By using this method, it was possible to differentiate 
strains of the same serotype in different genotypes (strain 5, 0150k-, genotype Band 
strain 23 0150k-, genotype I, Table 3 and Figure 2), and to differentiate strains that 
are untypable with regard to their serotype in different genotypes (e .g strain 13 
genotype D and strain 16 genotype E , Table 3 and Figure 2 ) . These results were 
supported by the previous studies (13 , 19) , and established with recent observations 
and researches (2 , 18) . The poor reproducibility , mentioned above , of the PCR 
amplification with the REP primers , can be explained by the fact that the primers 
are shorter than the ERIC primers and , compared to the ERIC primers , contain a high 
proportion of deoxyinosines (25) . The REP PCR DNA amplification pattern confirms 
the results of the ERIC DNA amplification pattern but was less reliable (22) . Few 
researchers have concluded that 0 - serogroups , eae gene and EAF plasmid in E . 
coli isolates from cases of bovine mastitis were the most important in determination of 
E. coli isolates effectually (2) . 
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Results demonstrated that PCR amplification with ERIC primers is a fast and 
reliable method for differntiation and identification of E. coli isolates. Also , this 
method is a valuable compared to serotyping , since the different genotypes can be 
determined even in strains with the same serotype or in untypable isolates . The PCR 
DNA amplification method can not replace serotyping in epidemiological studies , so 
strains with a different serotype can have the same genotype e.g. strains 15 and 16 
(Table 3 and Figure 2 ). 

Identification of E .coli mastitis isolates or other E. coli isolates was carried 
out a accurately by a combination of serotyping and genotyping method , compared 
with other ways in this field. 

Serotypes and genotypes diversity detected , assures the dogma that cows are 
infected by their environmental strains and not through cow to cow transmission of a 
single udder pathogenic isolate . 

A group of cows were infected again with the same serotype and genotype of E 
.coli isolate , on the same farm , hence , recurrent infections are at this rate very 
unlikely, in respect that the large variety of strains distributed in the environment . 

Depending upon the PCR results , concerning the recurrent infections of 
clinical E .coli mastitis the present study is mainly demonstrating that the invased 
bacteria survive in the udder tissues . Experimentally , this conclusion has been 
confrrmed by few researches (11) . 

Such observations and valuable serotyping and genotyping methods provide 
an evidence of the importance of the udder examinations either clinically or 
microbiologically , which have a good indications upon the comfort of herd health and 
production . 

The obtained results revealed clearly that E. coli strains isolated from repeated 
episodes of clinical mastitis in the same cow, have identical genotypes . Testing 
for the bovine mastitis E. coli strains in which identified by serotyping and 
genotyping according to the mentioned methods , can replace the traditional tests. 
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