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ABSTRACT 

Milk isn’t only a perfect food, but also an ideal media for microbes, 

thus it is a major pathogen vehicle. This study was conducted to 

characterize molecularly some of Gram-negative pathogens in 

random150 raw milk samples (100 from healthy dairy farm animals 

and 50 from milk vendors) collected from ElmahallaElkobra and 

Mansoura cities, Egypt, then 20 farm samples with subclinical 

mastitis were excluded. Gram-negative bacteria were isolated and 

identified biochemically from the other 130 samples; the predominant 

species percentages were Escherichia coli 25.4, Serratiamarcescens 

13.8, Kluyveraascorbata 8.5, Citrobacterdiversus 7.7, Klebsiellaoxytoca 

5.4, and Klebsiellapneumoniae3.8. 18 shigatoxin producingE. coli 

(STEC) strains were classified serologically to 8 non-O157 serotypes, 

and the predominant was O26:H11 (87.72%). By PCR;16S-23S rDNA 

was identified in 3 K. pneumoniae, and shiga toxins (stx1 and 2), α-

haemolysin (hlyA) and intimin (eaeA) genes were detected in 15, 13, 7 

and 9 STEC respectively. Conclusively, raw milk still contributes a 

public hazard,so, better effective control measures are required. 
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INTRODUCTION 

Milk has a marvelous nutritional value, but is also a perfect 

medium for growth of bacteria,and it can be contaminated from various 

sources; within the udder, exterior to the udder and from the surface of 

milk handling and storage equipment (Panigrahiet al., 2018), due to 

poor handling and storage (Ogotet al., 2015). It is a staple food in 

epidemiology linked to zoonotic pathogens, as it acts as a dangerous 

source of pathogenic bacteria (mainly GNB) such as Salmonella spp., E. 

coli, and other coliforms that have a public human health hazard 

(Panigrahiet al., 2018), and also a reservoir for a diverse group of 

microorganisms that can cause spoilage(O’Sullivan and Cotter 2017). 

Despite all these dangers,there is an increasing trend toward raw milk 

consumption as its health benefits are believed to be destroyed upon 

heating (Claeys et al., 2013), and the demand of safe and high quality 

milk urges for more studies to ensure these demands, therefore this study 

aimed to characterize molecularly by PCR some of the pathogenic GNB 

isolated from raw milk samples. 

MATERIAL AND METHODS 

Sampling: A total of 150 random milk samples; 100 quarter milk 

samples from apparently healthy dairy animals (buffalo and cow), and 50 

from milk vendors, were collected aseptically in sterile container from 

Mansoura and ElmahallaElkobra cities in Egypt, from November 2016 to 

June 2017, and farm samples were collected after cleaning, drying udders 

and scrubbing the tip of each teat with 70% ethanol, then discarding the 

first few streams. All samples were transferred to the laboratory of 

Microbiology department, faculty of Vet. Med., Kafrelsheikh University, 

in icebox under aseptic conditions, and examined as soon as possible. 

California mastitis test (CMT): CMT was carried out as described in 

A.P.H.A.(2004) on farm samples using Schalm reagent, and 20 positive 

samples were excluded. Isolation and biochemical identification of 

GNB: After mixing, 1 ml of each sample was nourished in 9 ml nutrient 
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broth, at 37ºC for 24 hours, then a loopful was streaked on MacConkey's 

agar, and incubated at 37ºC for 24-48hrs.Purified single colonies were 

identified based on Gram stain reaction, KOH test, cultural characters 

and biochemical tests (IMViC, TSI, LIA and urease test) (Quinn et al., 

2002). Suspected E. coli and K. pneumoniaeisolates were streaked on 

EMB agar, and subjected to additional confirmatory tests (gelatin 

hydrolysis, oxidation–fermentation, nitrate reduction, ODC, ADH, 

ONPG and sugars fermentation tests) (Kreig and Holt, 1984). 

Serotyping of E. coli isolates: E. coli isolates were transferred on semi-

solid agar to Food Analysis Center, Faculty of Veterinary Medicine, 

Benha University for serotyping of somatic (O) and flagellar (H) 

antigens by using rapid diagnostic E. coli antisera sets (DENKA 

SEIKEN Co., Japan) (Kok et al., 1996). Identification of STEC and K. 

pneumoniae isolates by PCR: Bacterial DNA was extracted from the 

isolates according to Shah et al. (2009) by QIA amp kit. E. coli isolates 

were tested by multiplex PCR for stx1, stx2, eaeA andhlyA genes, using 

Pharmacia Biotech primers (Table 1), and the amplification reaction was 

performed on a thermal cycler using 25 μlas described by Fagan et 

al.(1999); initial denaturation at 95°C/3 min, followed by 35 cycles of 

amplification (denaturation at 95°C/20 sec, annealing at 58°C /40 sec, 

and extension at 72°C/90 sec) and final extension at 72°C/5 min. The 

control positive was E. coli O157:H7 Sakai strain. Amplified products 

were analyzed by 2% agarose gel electrophoresis (Applichem, Germany, 

GmbH) in 1x TAE buffer stained with ethidium bromide to be visualized 

under UV transillumator (Sambrook et al., 1989).K. pneumoniaeisolates 

were tested for 16S-23S rDNA internal transcribed spacer (specific for 

identification of K. pneumoniae) (Table 1) (Liu et al., 2008). 

Amplification of PCR; initial denaturation at 94°C/10 min, followed by 

35 cycles of denaturation at 94°C/30 sec, annealing at 57°C/20 sec and 

extension at 72°C/20 sec, followed by a final extension at 72°C/10 min. 

The control positive wasK. pneumoniaeATCC 700721 (MGH 

78578)strain.Amplified products were analyzed by 1% of agarose gel 

electrophoresis. 
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RESULTS 

Isolated Gram-negative: Out of 130 non-repeated Gram-negative 

bacterial isolates; 113 belonged to 20 species were identified according 

to Farmer et al. (2007), in which E. coli predominated (Table 

2).Serotyping of STEC: 18 STECisolates classified with in 8 different 

non-O157 serotypes (Table 3), and O26:H11 (5) was the predominant. 

PCR results: stx1, stx2, eaeA and hlyA were detected in 15, 13, 7, and 9 

STEC respectively (Fig. 1, and Table 3), and 3 K. pneumoniaeisolates 

tested positive for 16S-23S rDNA(Fig. 2). 

 
 

Fig. (1): Agarose gel electrophoresis of multiplex PCR of stx1 (614 bp), stx2 

(779 bp), eaeA (890 bp) and hlyA(165 bp) genes: M: 100 bp ladder 

as molecular size DNA marker, C+: Control positive E. coli forstx1, 

stx2,eaeAand hlyA genes, C-: Control negative: 1 (O26): Positive for 

stx1, stx2 andeaeA; 2, 3, 5 (O26), 9&11 (O111): Positive for stx1, 

stx2,eaeAand hlyA; 4 (O26): Positive for stx1and eaeA; 6&7 (O55): 

Positive for stx1and hlyA; 8 (O86): Positive for stx1;10 (O111): 

Positive for stx1, stx2and hlyA; 12 (O119), 17&18 (O146): Positive 

for stx1 and stx2; 13 (O121): Positive for stx2and hlyA; 14, 15&16 

(O128): Positive for stx1. 

890 

779 

614 

165 
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Fig. (2): Agarose gel electrophoresis of PCR of 16S-23S rDNA"ITS" (130 bp) 

specific for detection and identification of Klebsiellapneumoniae. 

M: 100 bp ladder as molecular size DNA marker; C+: Control 

positive K. pneumoniae for 16S-23S ITS; C-: Control negative.  

1, 2&3: Positive K. pneumoniae strains. 
 

Table (1): Sequences of identification primers 

Primer Oligonucleotide sequence (5′ → 3′) 
Product size 

(bp) 
References 

stx1 (F) 5′ ACACTGGATGATCTCAGTGG ′3 
614 

Dhanashree and 

Mallya(2008) 

stx1(R) 5′ CTGAATCCCCCTCCATTATG ′3 

stx2(F) 5′ CCATGACAACGGACAGCAGTT ′3 
779 

stx2 (R) 5′ CCTGTCAACTGAGCAGCACTTTG ′3 

eaeA (F) 5′ GTGGCGAATACTGGCGAGACT ′3 
890 Mazaheri et al. (2014) 

eaeA (R) 5′ CCCCATTCTTTTTCACCGTCG ′3 

hlyA (F) 5′ ACGATGTGGTTTATTCTGGA ′3 
165 Fratamico et al. (1995) 

hlyA (R) 5′ CTTCACGTGACCATACATAT ′3 

16S-23S ITS (F) 5′ ATTTGAAGAGGTTGCAAACGAT ′3 
130 Liu et al. (2008) 

16S-23S ITS (R) 5′ TTCACTCTGAAGTTTTCTTGTGTTC ′3 
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Table (2): Incidence of Gram-negative bacteria in milk samples 

Isolated bacteria 
Farm samples 

NO.   % 

Vendors samples 

NO.   % 

Total 

NO.   % 

Buttiauxellagaviniae 2 (2.41) 0 2 (1.54) 

Citrobacterdiversus 10 (12.05) 0 10 (7.69) 

Citrobacterfreundii 2 (2.41) 0 2 (1.54) 

Citrobacter group 137 2 (2.41) 0 2 (1.54) 

Citrobactermurliniae 2 (1.205) 0 2 (1.54) 

Enterobacteraerogenes 0 4 (8.51) 4 (3.07) 

Escherichia coli 26 (31.33) 7 (14.89) 33 (25.38) 

Escherichia vulneris 0 1 (2.13) 1 (0.77) 

Klebsiellaoxytoca 2 (2.41) 5 (10.63) 7 (5.38) 

Klebsiellaozaenae 0 1 (2.13) 1 (0.77) 

Klebsiellapneumoniae 0 5 (10.63) 5 (3.85) 

Kluyveraascorbata 5 (6.02) 6 (12.77) 11 (8.46) 

Kluyvera Georgiana 0 3 (6.38) 3 (2.31) 

Moellerellawisconsensis 1 (1.20) 0 1 (0.77) 

Morganellamorganii 0 1 (2.13) 1 (0.77) 

Salmonella species 3 (3.61) 1 (2013) 4 (3.08) 

Serratiafonticola 1 (1.205) 0 1 (0.77) 

Serratiamarcescens 8 (9.64) 10 (21.28) 18 (13.85) 

Serratiarubidaea 1 (1.205) 1 (2.13) 2 (1.54) 

Tatumellaptyseos 1 (1.205) 0 1 (0.77) 

NonEnterobacteriaceae 14 (16.87) 0 14 (10.76) 

Un identified 3 (3.61) 2 (4.26) 5 (3.85) 

Total 83/130 (63.85) 47/130 (36.15) 130 (100) 

Table (3): Distribution of Serotypes and virulence genes in STECisolates 

serotypes 
Farm samples 

NO.   % 

Vendor samples 

 

NO.   % 

Total 

 

NO.   % 

stx1 

 

NO.   % 

stx2 

 

NO.   % 

eaeA 

 

NO.   % 

hlyA 

 

NO.   % 

O26:H11 5 (33.32) 0 5 (27.78) 4 (80) 5 (100) 5 (100) 3 (60) 

O55:H7 1 (6.67) 1 (33.33) 2 (11.11) 2 (100) 0 0 2 (100) 

O86 1 (6.67) 0 1 (5.56) 0 1 (100) 0 0 

O111:H2 3 (20) 0 3 (16.67) 3 (100) 3 (100) 2 (66.7) 3 (100) 

O119:H6 1 (6.67) 0 1 (5.56) 1 (100) 1  (100) 0 0 

O121:H7 0 1 (33.33) 1 (5.56) 0 1 (100) 0 1 (100) 

O128:H2 3 (20) 0 3 (16.67) 3 (100) 0 0 0 

O146:H21 1 (6.67) 1 (33.34) 2 (11.11) 2 (100) 2 (100) 0 0 

Total 15/18(83.33) 3/18(16.67) 18 (100) 15 (83.33) 13 (72.22) 7 (38.89) 9 (50) 
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DISCUSSION 

Despite milk is sterile at secretion, it can be contaminated, and 

consumption of raw milk is involved with food-poisoning and 

zoonotic outbreaks (Sulaiman and Hsieh, 2017). In this study non-

repeated 130GNB isolates were obtained in variable incidences (Table 

2)andthe predominant species was E. coli.GNB are a major causative 

agents of several types of infections (Hidron et al., 2008), and their 

occurrence in raw milk in general is an indicator of faecal contamination, 

but it might be originating from other environmental sources, so it may 

indicates low sanitation program and unhygienic environmental 

conditions. There is to some extent similarity betweenthese results and 

Ntuli et al. (2016)in whichE. coli (22.8%) predominated in raw milk, 

while lower incidences werereported by AbdEl Aalet al.(2016). 

E. coliis a major food-borne bacteria,and the main microbe 

responsible for ~2–4 billion diarrheal episodes/year, and a main cause of 

morbidity and mortality in children (Johnson, 2018). Previous studies 

proved that it is a reliable indicator of faecal pollution, poor hygiene and 

sanitary conditions during milking and handling. The incidence of E. coli 

in this study (25.38%) was almost the same as Eid (2014)(26.67%) in 

Gharbia, and near Zeinhom and Abdel-Latef (2014) (21.35%) in Beni-

Suef, however they detected higher incidence in market samples than 

farm samples. Higher incidenceswere reported in Egypt by Youssef and 

Mohamed, (2015), and in many studies in other countries such asNema 

(2014), while lower incidences were reported by Merwad et al. (2014)in 

Sharkiaand Younis et al. (2018) in Mansoura city. 

Serotyping detected 18 STEC in this study within 8 serotypes 

(Table 3), in which the predominant was O26 (27.78%), and most of 
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these serotypes were identified in Egypt by Merwad et al.(2014), and 

Younis et al.(2018)with different percentage. Non-O157 serotypes can 

cause diseases not less severe than O157 (Brooks et al., 2005), and O26, 

O86 and O111 were identified in mastitis in Egypt (Osman et al., 2012). 

All serotypes were positive for at least one virulence gene (Table 3) 

of; stx1 and 2;the key factor and hlyA; a major factor in the pathogenesis 

of many diseases in human and animal all over the world mainly 

haemorrhagic colitis and haemolytic uremic syndrome (HUS) 

(Bielaszewskaet al., 2013;Villyssonet al., 2017), and eaeA encoding 

intimin that perform the characteristic “attaching and effacing” (A/E) 

phenomena as a main mechanism of the bacterial colonization (Leo et 

al., 2015), in which5 serotypes (27.78%) harbored the 4 virulence genes 

within O111 and O26. Lower incidences of stx and eaeA were obtained 

by Merwad et al. (2014),and of hlyAby Younis et al. (2018).The 

combinations of the four genes have also been reported by Rashidet al. 

(2013). 

K. pneumoniae(an important opportunistic GNB and a leading 

human nosocomial pathogen (Wang et al., 2017)), was identified in 

3.85% of all the samples, that is near to the results of Abdel Hameed 

(2017)(2.92%) in Assiut and Qena cities, however lower than Badri et 

al. (2017). By PCR, 3 K. pneumoniae isolates were positive for 16S-23S 

rDNA, and this wasn’t an aspect of the previously mentioned studies. 

These variations might be regarded to variation in geographical 

location, season, farm size, animal health and feed, number of animals on 

the farm, management practices, type of milking and hygiene status, the 

type and number of samples, time of sampling, isolation and testing 

detection methods (Nema, 2014) and sources of contaminations, 

whichmake the comparisons of different studies difficult (Xia et al., 

2010). 
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CONCLUSION 

The obtained results prove that raw milk in the examined area was 

highly contaminated with GNB, even the pathogenic one such as STEC 

harboring at least one virulence gene and K. pneumoniae, which 

constitutes a health hazard for the consumers. 

Therefore, the applied hygienic measures should be reconsidered 

and its application must be checked, more strict preventive hygienic 

measures is needed, and on-site pasteurization should be applied to 

improve the quality of milk, and ensure its safety. 
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 الملخص العربي

 

المبن ليس فقط غذاء متكامل، لكنو أيضاً بيئة مثالية لنمو الميكروبات، لذا فإنو يُعتبر حامل 

و تيدف ىذه الدراسة لمتوصيف الجزيئي لبعض البكتريا سالبة الجرام رئيسي لمميكروبات المُمرضة، 

من الباعة الجائمين( تم  51من حيوانات مزرعة سميمة و  011عينة لبن خام ) 051المعزولة من 

عينة لإصابتيا  81تجميعيا عشوائياً من مدينتي المحمة الكبرى والمنصورة بمصر، ثم تم إستبعاد 

عينة المتبقية و التعرف عمييا  031يكي. تم عزل البكتريا سالبة الجرام من البإلتياب ضرع تحت إكمين

بواسطة الإختبارات الكيميائية الحيوية، فوُجد أن ميكروب الإيشريشيا القولونية ىو الأكثر عزلًا بنسبة 

، ثم 7.7، ثم سيتروباكتر دايفيرسس 2.5، ثم كميوفيرا اسكورباتا 03.2، يميو سيراتيا مارسيسينس 85.2

. بعمل تصنيف سيرولوجي لمعزولات الاي 3.2، ثم كميبسييلا نيموني 5.2كميبسييلا أوكسي توسا 

، والأكثر عزلًا كان O157كولاي، وُجد أن كل العينات التي تم اختبارىا تنتمي لعترات أخرى بخلاف 

عمى معزولات كميبسييلا نيموني وُجد إجراء تفاعل إنزيم البممرة المتسمسم. ب33.38بنسبو O26:H11عترة

و  stx2و   stx1، بينما وُجدت الجينات الأربعة  16S-23S rDNAأن ثلاثة منيا تحوي جين 

eaeA  وhlyA  من معزولات الإي كولاي عمى التوالي. مما سبق نستنتج أن  9و  7و  03و  05في

 خاذ إجراءات وقائية أفضل.المبن الخام مازال يشكل خطراً عمى الصحة العامة، لذا يجب إت

 

 


