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SUMMARY

This study was carried out on 72 zoonotic bacte-
ria isolated from 115 milk samples collected from
buffaloes with clinical mastitis (43 Staphylococ-
cus aureus, 3 Streptococcus agalactiae, 14 E. coli,
6 Kiebsiella pneumoniae, 4 Salmonella typhimu-
riwm and 2 Serratia marescens ). Antibiotic sen-
sitivity test was done for all the zoonotic bacterial
isolates. Multiresistant  isolates  constituted
88.88%. Multiresistance was more among Gram
-ve isolates 26/26 (100%) in comparison to Gram

+ ve isolates 38/46 (82.60%) (P < 0.01). Plasmids

were extracted from 49 out of 64 muitiresistant

isolates (76.56%). The majority of the isolates
contained more than one plasmid. Plasmids were
isolated from all Gram —ve isolates (100%) and
from 60.52% of Gram + ve isolates (P < 0.01),
Twenty-one out of the 26 (80.70%) multiresistant
Gram —ve isolates could transfer R-plasmids to

sensitive £. coli K12 by conjugation. Controlled
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and proper use of veterinary antibiotics with con-
tinuous monitoring of milk for zoonotic multire-
sistant organisms are recommended to protect hu-
man from developing diseases that will not

respond to treatment.

INTRODUCTION

Zoonoses and contamination of milk with bacte-.
ria or zoonotic agents leading to tmportant and
wide spread food borne diseases; are important
aspect of public health. Milk borne infections are
still a cause of morbidity and mortality in humans

in developing countries (Wastling et al., 1999).

Raw milk is identified with increasing numbers
of outbreaks of gastroenteritis and is an important
vehicle for transmission of pathogenic organisms
(Altekruse et al., 1998). Gillespie et al. (2003) re-
ported 27 milk borne general outbreaks of infec-
tious intestinal diseases in England and Wales.

Unpasteurized milk (52%) was commonly report-



ed vehicle for infection.

The most frequent bacteria associated with milk
contamination are Staphylococcus aureus, Strep-
tococcus spp. (8. agalactiae and S. dysgalactiae),
E. coli, Salmonella, Klebsiella and Corynebacte-
rium (Randhawa et al., 1999; Paul et al.,, 2000
and Grewal et al., 2001). Salmonella (37%) and
Verocytotoxin E. coli 0157 (33%) were the most
commonly detected pathogens in 27 milk borne
outbreaks of infectious intestinal disease (Gilles-
pie et al., 2003).

Milk may contain antibiotic resistant bacteria
posing a potential risk to consumers. Public
health officials are increasingly concerned that
human will be exposed to antimicrobial resistant
organisms through the food they consume (Om-
bui et al., 2000).

Bacterial resistance to antibiotics is a long-
established, widely-studied problem. Acquired
resistance to amimicrobials may arise by cellular
mutation or by the acquisition of genetic ele-
ments. Plasmid/transposons-mediated resistance
(Russell, 1999). Plasmids are transmissible to
other bacterial cells by conjugation, transforma-
tion and transduction. However, conjugative
transfer of bacterial plasmid is the most efficient
way for‘ horizontal gene spread and it is consid-
ered as one of the main reasons for increase in the
number of multiresistant bacteria {(Grohmann et
al., 2003 and Mukherijee et al., 2005).

The aim of the present study was to isolate antibi-
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otic resistant zoonotic bacteria from buffalo's
mastitic milk samples, then to investigate the ori-
gin of drug resistance by plasmid extraction and
purification and transfer of the resistance plas-

mids to susceptibie E. coli K12.

MATERIAL AND METHODS

For conducting this work, 115 milk samples were
aseptically collected from buffaloes with clinical
mastitis selected from villages at Monifia and
Sharkia Governorates. The collected milk samples
were examined as follows:

1. Isolation of antibiotic resistant bacteria:
Milk sediment of each milk sample (obtained by
centrifugation of 10 ml of the sample for 20 min
at 3000 r.p.m.) was seeded onto plates of nutrient
agar, MacConkey agar and blood agar. Inoculated
plates were incubated at 37°C for 48 hr. Suspect-
ed colonies appearing on the different media were
examined microscopically and isolated in pure
culture for further identification according to Holt
et al. (1994). The recovered Salmonella isolates
were identified serologically using the diagnostic
polyvalent and monovalent antisera according to
Kauffmann (1972). All zoonotic bacterial isolates
{Citrobacter isolates were excluded) were tested
for their antibiotic sensitivity by the routine disc
diffusion method (National Committee for Clini-
cal Laboratory Standards, 1997) using the follow-
ing 12 commonly used antibiotics (Oxoid); ampi-
cillin 10 pg, chloramphenicol 30 pg, amikacine
30pg, gentamicin 10 mg, cephalothin 30pg, ceftri-
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axone 30ug, tetracycline 30ug, enrofloxacin 5 ug,
Levofloxacin 5ug, vancomycin 30pg, sulphame-
thoxazole-trimethoprime  25ug  and
clavulanic acid 30ug. E. coli ATCC (25922} lac-

tose fermenter and sensitive to all antibiotics was

amoxy-

used as control Lo the antibiotic sensitivity test.
Bacterial isolates found to be resistant to three or

more antibiotics were considered multiresistant.

II) Plasmid extraction and detection :

A single colony from each multiresistant isolate
was grown on 5 mi of LB (Luria — Bertani, Dif-
co) broth containing ampicillin 100 pg/ml and
chloramphenicol 170 4 g/ml to obtain the highest
plasmid yields. Plasmids were extracted and puri-
fied according to QLA prep. Miniprep. Kit proto-
col (QIAGEN, 2005). Purified plasmid DNA was
separated by horizontal electrophoresis on 0.7%
agarose gel according to Sambrook et al. (1989).
DNA Hind III Digested (7 fragments ranging in
size from 23130-564 bp) served as marker in

electrophoresis,

IlI) Conjugation experiments :

Conjugation experiments were done on 26 resist-
ant Gram-ve isolates proved to contain plasmids
according to Chowdhurg et al. (1994). Nalidixic
acid-resistant, plasmid free recipient (£, coli K12
ATCC 12435) was used in all matings. Donor
and recipient strains were grown separately in
Muller-Hinton broth overnight at 37°C. The con-
jugation mixtures were prepared by adding ! ml

of the donor culture to 9 ml of the recipient
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E. coli K12 culture. The mixture was then vor-
texed and incubated at 37°C for 2 hr.

Resistance to ampicillin and chloramphenicol
were used as selective markers to select transcon-
Jjugates from recipients. 0.01 m! of the mixed cul-
ture was seeded onto MacConkey agar plates in
duplicate. One plate was supplemented with am-
picillin (50 pg/ml) and nalidixic acid {50 pug/mb)
and the other plate was supplemented with chlo-
ramphenicol (25 pg/ml} and nalidixic acid (50 pg/
ml). The plates were then incubated overnight at
37°C. Transfer of resistance plasmid was indicat-
ed by appearance of lactose fermenting E.coli
K12 colonies onto the plates containing antibio-
tics. Rose pink colonies of resistant transconju-
gates were tested for sensitivity to other antimi-
crobials to determine pattern of resistant trait

transferred.

VI) Statistical analysis :
Standard normal deviation (S.N.D.) test was used

for analysis of the resuits.

RESULTS

Microbiological examination of the 115 collected
buffalo's milk samples revealed that 74 milk sam-
ples (64.34%) were positive for bacterial isola-
tion. The isolates were identified as 46 (62.16%)
Gram + ve strains and 28 (37.84%) Gram -ve
isolates (Table I).
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Table (1): Results of bacteriological examination of 115 buffalo's milk samples.

Bacterial isolates No. of isolates %
Gram + ve isolates; 46 62.16
S.aureus 43 58.11
Streptococcus agalactige 3 4.05
Gram -ve isolates: 28 37.84
E.coli 14 18.92
Klebsiella pneumoniae 6 g.11
Salmonella typhimurium 4 5.41
Serratia marescens 2 2.70
Citrobacter 2 2.70
Total 74 100

Antimicrobial susceptibility testing revealed detected in 100% and 82.60% of Gram -ve and
that 64 out of the 72 (88.88%) zoonotic bacteri- Gram +ve zoonotic bacterial isolates, respectively
al isolates (as 2 Citrobacter isolates were ex- (P <0.01) (Table 2).

cluded) were multiresistant. Multiresistance was

Table (2): Relation between the incidence of multiresistance to antibiotics and
the type of isolates

Type of isolated strains No. Multiresistance to antibiotics
No. %. P.value.
Gram (-) ve strains 26 26 100.00
Gram (+) ve strains 46 38 82.60 *P<0.0!
Total No. 12 64 88.88

* There is highly statistically significant difference.
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Table (3) shows that the predominant resistance Gram -ve isolates and Amp.C.TE. KF.AMC in
pattern was Amp.C.TE.KF.G.CRO.AMC Lev.in Gram +Ve strains.

Table (3): Patterns of antibiotic resistance in Gram —negative and Gram -

positive bacteria isolated from miik

Bacterial No. of Resistance Pattern
isolates organism
Gram -ve 14 Amp.C. TE. KF. CRO. AMC. Lev
Amp. C. TE. KF. AK. CRO. AMC. SXT
4 Amp. C. KF. G. CRO. AMC. SXT. EnR
2 Amp. C. TE. KF. AK. CRO. AMC. SXT. Lev.
Gram +ve I5 Amp. C. TE. KF. AMC.
13 Amp. TE. KF. CRO. AMC.
8 Amp. C. KF. G. CRO.
2 Amp. C. KF. CRO. SXT

Amp: Ampicillin, C: Chloramphenicol, TE: Tetracycline, KF: Cephalothin, CRO: Ceftriaxone,
AMC: Amoxy-Clavulanic acid, G: Gentamicin, SXT:
Sulphamethoxazole Trimethoprim, Lev: Levofloxacin, EnR: Enrofloxacin, AK: Amikacine.

Multiresistance plasmids were detected in  ant Gram -ve isolates (100%) and 60.52% of re-
76.56% (49/64) of the resistant bacteria. Resis-  sistant Gram + ve bacteria, with a highly signifi-

tance plasmids were isolated from all multiresist-  cant difference (P < 0.01) (Table 4).

Table (4): Relation between the incidence of plasmid detection and the type of the isolates

Type of isolates No. | Isolates with plasmid detection
No. % Pvalue
Gram (-) ve strains 26 26 100
Gram (+) ve strains 38 23 60.52 *P<0.0]
Total No. 64 49 76.56

* There is highly statistically significant differcnce.
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Agarose gel electrophoresis of the plasmids ex-
tracted from the resistant isolates revealed the
presence of more than one and up to six plasmids
within cach strain except S.agalactiae isolate
(Fig. 1). Molecular sizes of the plasmids varied
widely from 2.3 to 18 Kbp. The multiresistant
Gram -ve strains contained large plasmid with
molecular weight (mol. wt.) of 18 and 12 Kbp
(large plasmid > 10 Kb; QIAGEN, 2005). Similar

So4

plasmid patterns are shown in lanes 2 & 3 (E.
coli), 4 & 6 (§. aureus ) and 7 & 8 (Salmonella
typhinurinm) (Fig. 1). Plasmids of similar molec-

ular size were present in the different strains.

Conjugation zxperiments showed that among 26
multiresistant Gram -ve strains having plasmids,
21 (80.70%) strains could transfer resistance plas-

mids (R-plasmids) to the sensitive E. coli K12,

Fig. (1): Agarose gel electrophoresis of plasmids extracted from
the multiresistant Gram -ve and Gram +ve strains

Lane 1: Molecular weight marker Lambda DNA Hind 111 Digested (23130-564 bp)
Lane 2: Plasmids extracted from E. coli (mol. wi. 18, 12, 8, 6.5, 4 & 2.3 Kbp)

Lane 3: Plasmids extracted {rom E. cofi (mol. wi. 18, 12, 8, 6.5. 4 & 2.3 Kbp)

Lane 4: Plasmids extracted from 5. aurens (mol. wi, 4 & 2.3 Kbp)

Lane 5: Plasmids extracted from §, agalactiae (mol. wi, 2.8 Kbp)

Lane 6: Plasmids extracted from 5. aurews (mol, wi, 4 & 2.3 Kbp)

Lane 7: Plasmids extracted from S ryplimerivm (mol. wi. 18, 12, 8, 4 & 2.3 Khp)
Lane 8: Plasmids exiracted from 5. ryphimeerivm (mol, wi. 18, 12, 8, 4 & 2.3 Khbp)

Lane 9: Plasmids extracted from K. prepmoniae (maol. wi, 18, 8, 4 & 2.3 kbp)

Lane 10: Plasmids cxtracted from K. prewmoniae (mol. wt. 18, 4 & 2.3 Kbp)

Lane 11: IMasmids extracted from Servatia marescens (mol. wi. 18, 6.5, 4 & 2.3 Kbp)
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DISCUSSION

Transmission of milk borne pathogens often in-
volve complex interactions among the pathogen,
the environment, and one or multiple host spe-
cies. Some bacteria are naturally resistant to
many antibiotics and most can become multire-
sistant. Antibiotics may alter its environment,
creating selective pressure and advantage for re-
sistance organisms {(Seppala et al., 1992). Resis-
tanice genes located on conjugative plasmids can
be found in species living in habitats (e.g. human
and animal intestines) regularly challenged with
antibiotics (Teuber et al., 1999).

In the present study, high percentage (64.34) of
the collected buffalo's milk samples was positive
for bacterial isolation, Similar result was record-
ed by Nazem et al. (1998). However, Thiruna-
vukkarasu and Prabahran (1999) and Paul et al.
(2000) reported lower infection rate. All the iso-
lated strains (except 2 Citrobacter isolales) were
zoonotic including, S.aureus (58.11%), E.coli
(18.92%), K.pneumoniae (8.11%), S. typhimuri-
wum (5.41%), S. agalactiae (4.05%) and Serratia
marescens (2.70%). Mahmoud (1990) and Na-
zem et al. {1998) recorded higher isolation rate
of S.agalactiae and lower isolation rate of

S.aureus than those in the present study.

Antimicrobial susceptibility testing of the 72 zo-
onotic bacterial milk isolates showed high per-

centage (88.88) of multiresistant strains. Annibu
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et al. (1986} and Martel et al. (1995) stated that
use of veterinary drugs in animal feed for purpose
of growth promotion and animal husbandry has
resulted in pollution of farms with resistant

strains.

Both Gram -ve (100%) and Gram +ve (82.60%)
isolates showed high percentage of muitiresis-
tance with highly significant difference (P <
0.01). In Gram -ve bacteria, the strong barrier to
permeability, in addition to the greater diversity
of plasmids and chromosomal enzymes, probably
have greater potential for them to become multi-
resistant (Gould, 1994).

In the current study, the isolated multiresistant zo-
onotic bacteria showed resistance to 5-9 of the 12
tested antibiotics. Sherley et al. (2004) stated that
plasmids allow the movement of genetic material,
including antimicrobial resistance genes, between
bacterial species and genera. They frequently me-
diate the resistance to multiple antimicrobials and
can result in the acquisition by a pathogen of re-
sistance to all or most clinically relevant antimi-

crobials.

Muliresistant bacterial isolates whether Gram -ve
or Gram +ve exhibited high resistance to ampicil-
lin, chloramphenicol, tetracycline, cephalothin,
ceftriaxone and amoxy-clavulanic acid. Similar
results were recorded by Senerwa et al. (1991),
Thomson and Amyes (1992) and Wan et al
(2003) for E. coli, Vahabouglu et al. {1995) and
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Baggesen et al. (2000) for S.typhimurium,
Schmid and Kayser (1976) and Shaokat et al.
(1983) for K.pneumonia and Serratia marescens

and Nawal et al. {1999) for S. aureus.

Resistance plasmids were detected in 49/64
(76.56%) of multiresistant strains. Higher results
were obtained by Malkawi and Youssef (1998),
Ombui et al. (2000) and Wernicki et al. (2002).
On the other hand, low incidence of resistance
plasmid was reported by Murray et al. (1985) and
Wan ¢t al. (2003).

Plasmid profiles of the multiresistant Gram -ve
strains showed large plasmids with molecular
weight of 18 and 12 Kbp. Large plasmids are
likely to contain virulence related sequences.
These data are consistent with those cited by
Singh et al. (1992).

Twenty-one out of 26 (80.70%) resistance plas-
mids were transferred to sensitive E.coli KI12.
Similar results were recorded by Malkawi and
Youssef (1998) and Wan et al. (2003). While Oy-
ofe et al. (1996) and Moustaoui et al, (2005) re-
ported that all their multiresistant strains could
transfer resistance plasmids to E.coli K12. This
K12

strains were incompatible with donor multiresist-

difference may be atiributed to; E.coli
ant isolates and or the resistance plasmids of

some donor strain might have defective or non

transfer factor gene.
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We can conclude that the occurrence of multire-
sistant zoonolic bacleria in raw milk constitutes a
reservoir of antibiotic resistance genes which
may spread Lo other bacterial species in human
int_estinal tract through conjugative transfer. This
can cause diseases in human difficult to treat.
Therefore, pasteurization of the raw substrate
milk, continuous monitoring of milk for zoonotic
multiresistant bacteria together with controlled
and proper use of veterinary antibiotics should be

recommended.
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