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Abstract | Quail meat and egg production represent a promising source to cover the deficit in animal
protein in developing countries including Egypt. However little is known about the prevalence and anti-
biotic resistance of major bacterial pathogens such as Escherichia Coli, Staphylococcus aureus Salmonella and
Fasteurella spp. in Egyptian quail farms. Such information is important for drug choice and success of treat-
ment as well as spotting the light on emerging antimicrobial resistance that represent major concern for
public health. A total one hundred swabs and 500 organ samples were collected from apparently healthy
and freshly dead quails respectively. Bacterial isolation and characterization were performed in accordance
with the clinical laboratory standards and confirmed by PCR. In life birds, only E.co/i and Salmonella could
be recovered from Cloacal swabs, while in freshly dead birds all four pathogens disseminated in various
organs with higher incidence of mixed compared to single infection. Different serotypes of E.co/i and Sal-
monella could be recovered from dead birds however E.co/i (O78) and S.enteritidis were recovered mainly
from heart and liver. The recovered E.co/i, S.aureus and P. haemolytica isolates recovered from mixed infection
cases showed (57.1-100%) resistance to highly important antibiotic group (Doxycycline, Tetracycline, Tri-
methoprim sulfa methoxazole and Chloramphenicol) and showed dissimilar pattern of resistance to crit-
ical important antibiotic group. Sa/monella isolates showed antibiotic resistance to Nalidixic acid (100%)
and Nitrofurantoin (42.9%). Strict biosecurity measures are required to reduce the incidence of mixed bac-

terial infection and subsequently reduce the spread of antibiotic resistance genes between bacterial spp.
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Introduction

uails are small birds that belong to the family of
Phasianidae. Commercially, they are reared for
meat and egg production. Generally, it has similar nu-
tritional value as broilers but, interestingly, the layers
quail breeds (either after finish the laying periods or

male sexed wrongly) of higher rating in term of taste
(Da Cunha, 2009). Globally, the commercial farming

of quails is increasing day by day as it requires low
investment for rearing and maintainsrapid growth
rate (marketing within 4-5weeks), early onset of lay-
ing (6-7 weeks), relatively low feed intake and high
reproduction rate (Albino and Barreto, 2003; Mu-
rakami and Ariki, 1998; Santos et al., 2011).

Currently, China, France, Spain, Italy, and USA

are the major player in Quail production. Howev-
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er, Egypt has one of the fast growing quail industry
worldwide (Da Cunha, 2009). During the last decade,
quail meat production has been experiencing growth
in the Egyptian poultry sector to satisfy the growing
demand for animal protein in Egypt (El Nagar and
Ibrahim, 2007; Yusuf et al., 2016).

Quails are susceptible to most infections that aftect
domestic poultry but comparatively more resistant
to infection than chickens with proper management
However more deaths recorded are due to manageri-
al errors (Fraqueza et al., 2016) considering the fact
that quail droppings produce far more ammonia than
other poultry.

Several reports took into account isolation and char-
acterization of bacterial pathogens such as Pasteur-
ella spp., E. coli, Streptococci, Staphylococci , Salmonella,
Mycoplasma gallisepticum from quail and quail prod-
ucts (Burns et al., 2003; Edwards, 1936; Kumar et al.,
2001; Roy et al., 2006; Turgay et al., 2002; Wang et
al., 2010). However, few reports referred to mixed in-
fection with other microorganisms (Murakami et al.,
2002) and their antibiotic sensitivity assay (Helm et
al., 1999; Sultana et al., 2013).

It is widely accepted that any suggested program de-
signed to prevent food borne diseases and/or dissem-
ination of pathogens to the environment should start
from the farm where the birds grow up. However,
quail production is growing at moderate but steady
pace in Egypt based on the growing demand for quail
products (meat and eggs) among Egyptian consum-
ers (El Nagar and Ibrahim, 2007) .Therefore, the aim
of the present study was to investigate the prevalence
of Salmonella, E. coli, Pasteurella and Staphylococcus
pathogens in quail farms and their natural dissemi-
nation in various organs. In addition, the documenta-
tion of the presence and extent of antibiotic resistance
in these pathogens which represent a potential hazard
to human and other animal species.

Material and Methods

Samples collection

A total 600 samples were collected from 150 quails
during early 2015 and early 2016 from 13 farms dis-
tributed in: Giza (n =3), PortSaid (n =4), Kafer El
Sheikh (n =5),and Cairo (n =1). Cloacal and trache-
al swabs were collected from 50 apparently healthy
quails (100 swabs). While heart, liver, lung, intestine

and bone marrow were aseptically and separately col-

lected from 100 freshly dead birds (500 organs).

Present study was conducted in strict accordance with
the recommendations of Ministry of agriculture and
land reclamation and ministry of environment, Egypt
for Experimental animal infection and sampling. The
protocol of the study was reviewed and approved by
committee of laboratory biosafety of reference lab-
oratory for quality control on poultry production
(RLQP). All bacterial isolation and characterization
were performed in bacteriology unit at RLQP under
strict control measures.

Bacterial isolation and confirmation

All collected samples were screened for the presence
of Pasteurella, Staphylococcus, Salmonella and E.coli.
Bacterial colonies were confirmed bacteriologically
according to standard procedures previously described
(Holt et al., 1994; ISO 6888-2:1999; ISO 6579:2002
and Lee and Arp (1998) genetically using conven-
tional PCR. Briefly, DNA extracted from enriched
suspected single colony using QIAamp DNA Mini
Kit (Qiagen) according to manufacturer’s instruction
and amplified using Emerald Amp Max PCR Master
Mix (Takara, Japan), primers sequences and thermal
profile as previously described by Hu et al. (2011) for
E .coli, Mason et al. (2001) for 8. Aureus, Oliveira et
al. (2003) for Salmonella and Deressa et al. (2010) for
Pasteurella. Furthermore, Pasteurella sp. Isolates were
confirmed by pathogenicity testing in mice as previ-
ously described by Holt et al. (1994). Briefly, 0.2 mL
of overnight incubated broth of the suspected colony
injected intra-peritoneal into 2 mice and heart blood
from dead mice was smeared and stained with crys-
tal violet for detection of Pasteurella bipolarity and
re-isolation and identification of Pasteurella sp.

Bacterial serogrouping
Serogrouping of the Sal/monella and E. coli confirmed
isolates was done as previously described by Popoft

and Le Minor (2001) and Lee et al. (2009) respec-
tively.

Antimicrobial susceptibility testing

'The susceptibility of the confirmed isolates to antimi-
crobial agents was determined via standard disk-dif-
fusion method as described by Bauer et al. (1966)
using the following antibiotic discs: Amoxicillin
+ Clavulanic acid. (Am+CL), Ciprofloxacin (CF),
Norfloxacin(NX), Gentamicin (G), Tetracycline (T),
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Table 3: Prevalence of E.Coli serotypes in life and dead Quails, and dissemination in various organs.

Birds Samples Isolates No. Serogrouping
serotyped Unserotyped

Life Cloacal swabs 3 055 0

Tracheal swabs 0 0 0
Dead Liver 20 10(0125), 1(020), 7(0127), 2(0O78) 0

Heart 15 4(0125),1(0127),2(078), 6(044) 2

Lung 1 0125 0

Intestine 10 8(020) 2

Bone marrow 1 078 0

Table 1: Prevalence of bacterial pathogens in life and
freshly dead Quails, and the dissemination in the tested
samples.

Number of isolates

birds Samples
Salmo- E. Coli Staph. pasteurella

nella aureus
Life Cloacal swabs 11 3 0 0
Tracheal swabs 0 0 0 0
Dead Liver 23 20 30 25
Heart 23 15 15 25
Lung 0 1 20 13
Intestine 3 10 0 0
Bone marrow 5 1 5 2
total 65 50 70 65

Table 2: Prevalence of single and mixed infection in the
tested mmp/es.

Bacterial isolates Single mixed Total
No. % No. %  No. %~
Salmonella sp. 35 534 30 46.6 65 26
E.coli 0 O 50 100 50 20
Staph. aureus 20 286 50 714 70 28
Pasteurella haemolytica 20 30.8 45 69.2 65 26

Trimethoprim sulfamethoxazole. (SXT), Chloram-
phenicol (C), Nalidixic acid (NA), Nitrofurantoin
(F), Streptomycin (S), Penicillin (P), Doxycycline
(DO), Erythromycin (E) and Amikacin (Ak) (Oxoid,
Basingstoke, UK). The zone of inhibition measured
and interpreted according to the recommendation of
the disc manufacturer.

Statistical analysis

Data generated on the prevalence of different path-
ogens and their dissemination in various organs as a
single or mixed infection and their resistance to dif-
ferent antibiotics analyzed using a chi-squared test to

determine whether there were significant differenc-
es between single and mixed infection and resist-
ance to various antibiotics (P < 0-05).

Results and Discussion

Prevalence of bacterial pathogens in quail farms

Bacterial pathogens identified from the present study
were recovered from 14 out of 100 collected samples
from apparently healthy birds and 236 out of 500
samples collected from freshly dead birds. In details,
in life birds only Sa/monella and E.coli were recovered
from 11 and 3 cloacal swabs respectively and no path-
ogens could be recovered from tracheal swabs (Table
1). While in freshly dead birds, Salmonella, E.coli, S.
aureus and Pasteurella haemolytica were recovered from
54, 47, 70 and 65 samples respectively, with higher
prevalence for all pathogens in liver and heart. From
the lungs, mostly S. Aureus and P haemolytica were
recovered. Mostly E.coli followed by Salmonella was
recovered from intestine (Table 2). Furthermore, our
results revealed a higher incidence of mixed infection
rather than single infection as mixed cases represent
100, 71.4 and 69.2% of the positive cases of E.co-
l1, S. aureus and P haemolytica respectively. While in
cases of Salmonella, mixed infection represent 46.6%
of the total positive cases with Sa/monella (Table 2).

Prevalence of Salmonella and E.coli serotypes
Regarding E.coli serotyping; only O55 were recov-
ered from life bird’s cloacal swabs. On the other
hand, O125, 020, O44, O127 and O78 were re-
covered from dead quail with presence of O78 only
in liver and heart (Table 3).In contrast, 3 Sa/monella
serotypes were recovered from life birds namely S.
Agona, S. Senftenberg and S. Emek. However, §.en-
teritidis were recovered only from dead bird’s liver,
heart and bone marrow (Table 4).
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Table 4: Prevalence of salmonella serotypes in life and dead Quails, and dissemination in various organs.

Serogroup (no. type)
3(S. Agona),5( S. Senftenberg), 3(S. Emek)

5(S. Agona), 4(S.Senftenberg),7(S. Magherafelt, 2(S.Enteritidis ), 2(S.

Emek), 3(S. Kouka)

7 (S. Agona), 5(S.Senftenberg), 5(S. Magherafelt), 2(S.Enteritidis), 1(S.

Kouka), 3(S.Atakpam)

Bird Isolates No.
Life Cloacal swabs 11
Trachealswabs 0 0
Dead Liver 23
Heart 23
Lung 0 0
Intestine 3
Bone marrow
Total 65

3 (S. Agona)
2 (S. Agona),1 (S.Senftenberg), 2(S.Enteritidis)

Table 5: Antimicrobial resistance percentages of Salmonella, E.coli, S.aureus and P haemolytica isolates detected in

life and freshly dead quails.

Antimicrobial Discs Salmonella (%) E.coli (%)  S.aureus (%) P. haemolytica (%)
Critically Amoxicillin + Clavulinic acid (Am+- 28.6 71.4 N/A 58.5
Important  CL 219)
Ciprofloxacin (CF®) 14.3 57.1 0 41.5
Norfloxacin (NX) 0 14.3 0 27.7
Gentamicin (G) 0 14.3 57.1 27.7
Nalidixic acid (NA3?) 100 57.1 N/A 72.3
Nitrofurantoin (F3%) 42.9 28.6 N/A 73.8
Streptomycin (S'°) 14.3 71.4 N/A 84.6
Penicillin (P°) N/A N/A 100 N/A
Erythromycin (E¥) N/A N/A 100 N/A
Amikacin (Ak*®) N/A N/A 71.4 N/A
Highly Doxycycline (DO) N/A N/A 100 N/A
Important Tetracycline (T%) 0 71.4 57.1 100
Trimethoprimsulfameth- oxazole. 14.3 100 85.7 100
SXT1.25-23475)
Chloramphenicol. C* 28.6 85.7 571 100

Prevalence of antibiotic resistance in the recovered
isolates

According to disc diffusion test, Sa/monella isolates
showed significant resistance to NA (100%) and F
(42,9%). E.coli isolates showed resistance to Am+CL
(71,4%), to CF (57,1%), T (71,4%), SXT (100%), C
(85,7%), NA (57,1%) and S (71,4%). S. aureus iso-
lates, showed 100 % resistance to P, E and DO. SXT
(85,7%).57,1% to G, T and C. 100% of P. haemolytica
isolates were resistant to T, SXT and C, 84,6% to S,
about 72,5% to NA and F and 58,5% to Amoxicillin
and Clavulanic. (Table 5).

In light of the importance of quail production for the
developing country as a measure of decreasing the
problem of animal protein shortage (Shanaway, 1994)

and the implemention of strategies for intensive quail
production. The present study was designed to survey
the incidence of four major bacterial pathogens in life
and dead quails, their dissemination and antibiotic
resistance profiles and to assess the risk for human
consumers as well as in the choice of drugs and treat-
ment.

In the present study, the dissemination of bacteria
in several organs especially in liver and heart in the
freshly dead birds suggest the onset of acute septice-
mic disease (Kabir, 2010) that could be the cause of
the death. This agrees with the gross lesion findings
in freshly dead birds which reveal the presence of sep-
ticemia, fibrinous pericarditis, perihepatitis, airsaccu-
litis and in some cases showed enteritis. From the life
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and apparently healthy quails, Sa/monella and E.coli
were isolated from the cloacal swabs without apparent
clinical signs. Noteworthy, this asymptomatic carriers
represent a potential source of human salmonellosis
and colibacillosis (Behravesh et al., 2014; Kabir, 2010)
due to an increasing infection pressure in the environ-
ment (Kabir, 2010). This has a correlation with the
spread of antibiotic resistant bacteria and genes with-
in the environment (Pruden et al., 2013).The relative
higher incidence of Salmonella in apparently healthy
quail is alarming comparing to the findings reported
by McCrea et al. (2006) in the US and Dipineto et al.
(2014) in Italy who found no Salmonella in life quail
tested.

Modern housing facilities allow for a high densi-
ty quail rearing but with inadequate biosecurity and
poor hygienic measures on farms predisposes to the
entrance, persistence and subsequently dissemination
of various bacterial species as well as mixed infections
(Burkholder et al., 2008; De Vylder et al., 2011; Kabir,
2010). Similarly, our finding showed that most of the
positive cases were of mixed infections which high-
lighted the critical importance of the enhancement
of hygienic and biosecurity measures in quail farms

in Egypt.

E.coli O serotypes: O1,02,035 and O78 are reported
to be frequently associated with colibacillosis there-
fore, suggesting that these serotypes harbor certain
characteristic genetic features required for virulence
mechanisms such as lipopolysaccharide, tempera-
ture-sensitive hemagglutination (Tsh), and increased
serum survival factor (ISS) (Cloud et al., 1985; La
Ragione and Woodward, 2002; Mellata et al., 2003;
Vidotto et al., 1990). However, this suggestion was
fundamentally flawed, because of the likelihood of
colibacillosis to be associated with a wide range of
E.coli rather than a single avian pathogenic E.co/i
(Collingwood et al., 2014). The correlation between
O serogroup and their pathogenicity appear to vary
widely geographically and temporally (Blanco et al.,
1998; Frydendahl, 2002). This is in agreement with
our findings , as there is no predominant serogroup
recovered in both life nor dead birds. In the present
study, the highest prevalent serotype was 0125, 020,
0127, O44 and O78 respectively. It was noteworthy
that 0125, 0127 and O44 serogroups were included
in Enteropathogenic E. co/i (EPEC) that is associated
with infantile diarrhea in many developing countries

(Doyle, 1990), while O20 was included in Entero-

toxigenic E. coli (ETEC) that represent the common
cause of traveler’s diarrhea for peoples who travel
from areas with good hygiene to to areas with lower

hygienic standards (Doyle, 1989).

Difterent serotypes of Sa/monella could be recovered
from life and dead birds. However, Sa/monella enter-
itidis was recovered only from dead bird’s liver, heart
and bone marrow and likely associated with systemic
infection that represent a potential source for con-
tamination of carcasses especially in life birds markets
widely distributed in Egypt. S. Enteritidis considered
one of the most important human pathogens that is
associated with the consumption of contaminated
poultry meat and egg (Suresh et al., 2006).

The excessive and massive usage of antibiotics on in-
tensive food animal production especially poultry and
pork production represent the cornerstone for emer-
gence, persistence and spread of the resistant bacteria
that not only threatens animal health but also repre-
sent a major threat to human health globally (WHO,
2014). The resistance bacteria in food animals can
transmit to humans directly via consuming contami-
nated animal food and contact with the animal (occu-
pational) or indirectly from environment that receives
these bacteria from infected animals and fecal mate-
rials (FAO, 2011). Antimicrobials agents have been
classified based on their importance to human into
three categories, critically important, highly impor-
tant and important antimicrobials (WHO, 2011). In
the present study, nine antibiotics considered as the
critical important group and four that represents the
highly important group (Table 5) have been used to
test the recovered isolates for antibiotic resistance us-
ing disc diffusion test. E.coli isolates showed resist-
ance to four antibiotics that belongs to the critically
important group (57.1-71.4%) and three that belong
to the highly important group (71.4-100%). S.aureus
isolates showed resistance to four antibiotics that be-
long to critical important group and highly important
group (57.1-100%). Pheamolytica isolates showed re-
sistance to five antibiotics belong to critical group
(41.5-84.6%) and highly important group (100%).
Interesting, Salmonella isolates showed significant
antibiotic resistance to NA (100%) and F (42.9%). It
is worth noting that, bacterial species recovered from
the present study showed different pattern of resist-
ance to critically important group of antibiotics and
comparable pattern of resistance to highly important
group of antibiotics. The antibiotic resistance genes
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are transmissible to other bacteria of the same and/or
different bacterial species (FAO, 2011) this highlight
the problematic of presence mixed bacterial infection
with different antibiotic resistance pattern that was
the case in the present study, raising serious concerns
about public health. Altogether, the majority of bac-
terial isolates in the present study, except salmonella,
showed resistance to the highly important antimicro-

bial group (DO, T, SXT and C). However, no pre-

dominant pattern against critically important group.
Conclusions

The present study highlight the correlation between
prevalence of antibiotic resistance and the incidence
of mixed infection. Altogether, much more attention
should be paid to biosecurity measures in quail farms
in Egypt and prevent the abuse of antibiotic so as to
reduce the incidence of mixed infections and sub-
sequently reduce the spread of antibiotic resistance
genes between different bacterial populations.

Acknowledgements

'The authors would like to thank collogues in Bacteri-
ology and Biotechnology unit, Reference Laboratory
for Veterinary Quality Control on Poultry Produc-
tion for their technical help. They would also like to
thank the quail farm’s owners for their cooperation
and patience during samples collection. A. Samy cur-
rently a postdoctoral fellow in Anses France, funded
by the Science & Technology Development Fund in
Egypt (STDF) and Institut Francais d’Egypte (IFE),
project ID 18551.

Authors’ Contribution

EF and HR designed the work,conducted the field
work and collected the samples, EF AS and HR
conducted the laboratory investigations, EF and AS
wrote the manuscript and all read and approved the
manuscript.

Conflict of interest

'The authors declare that they have no conflict of in-
terest.

References

* Albino, L.FT.,, de Toledo Barreto, S.L. 2003.

Criagio de codornas para produgio de ovos e
carne. Aprenda Facil.

Bauer, A., Kirby, W.,, Sherris, J.C. and Turck, M.
1966. Antibiotic susceptibility testing by a stand-
ardized single disk method. Am. J. clin. Pathol.
45:493.

Behravesh, C.B., Brinson, D., Hopkins, B.A. and
Gomez, T.M. 2014. Backyard poultry flocks and
salmonellosis: a recurring, yet preventable public
health challenge. Clin. Infect. Dis. ciu067. https://
doi.org/10.1093/cid/ciu067

Blanco, J.E., Blanco, M., Mora, A., Jansen, W.H.,
Garcia, V., Vizquez, M.A.L. and Blanco, J. 1998.
Serotypes of Escherichia coli isolated from septi-
caemic chickens in Galicia (northwest Spain). Vet.
Microbial. 61: 229-235. https://doi.org/10.1016/
S0378-1135(98)00182-5

Burkholder, K., Thompson, K., Einstein, M., Ap-
plegate, T. and Patterson, J. 2008. Influence of
stressors on normal intestinal microbiota, intesti-
nal morphology, and susceptibility to Salmonella
enteritidis colonization in broilers. Poult. Sci. 87:
1734-1741.  https://doi.org/10.3382/ps.2008-
00107

Burns, K.E., Otalora, R., Glisson, J.R. and Ho-
tacre, C.L. 2003. Cellulitis in Japanese quail
(Coturnix coturnix japonica). Avian dis. 47: 211-
214. https://doi.org/10.1637/0005-2086(2003)0
47[0211:CIJQCC]J2.0.CO;2

Cloud, S., Rosenberger, J., Fries, P., Wilson, R.
and Odor, E. 1985. In vitro and in vivo charac-
terization of avian Escherichia coli. I. Serotypes,
metabolic activity, and antibiotic sensitivity. Avian
dis. 1084-1093. https://doi.org/10.2307/1590463
Collingwood, C., Kemmett, K., Williams, N. and
Wigley, P.2014.Is the concept of avian pathogenic
Escherichia coli as a single pathotype fundamen-
tally flawed? Frontiers Vet. Sci. 1: 1-5. https://doi.
org/10.3389/fvets.2014.00005

Da Cunha, R.G. 2009. Quail meat-an undiscov-
ered alternative. World Poult. 25: 12-14.

De Vylder, J., Dewulf, J., Van Hoorebeke, S., Pas-
mans, F., Haesebrouck, F., Ducatelle, R. and Van
Immerseel, F. 2011. Horizontal transmission of
salmonella enteritidis in groups of experimentally
infected laying hens housed in different housing
systems. Poult. Sci. 90: 1391-1396. https://doi.
org/10.3382/ps.2010-00944

Deressa, A., Asfaw, Y., Lubke, B., Kyule, M., Tef-
era, G. and Zessin, K. 2010. Molecular detec-

tion of Pasteurella multocida and Mannheimia

March 2017 | Volume 3 | Issue 1 | Page 22

Links

@ Researchers


https://doi.org/10.1093/cid/ciu067
https://doi.org/10.1093/cid/ciu067
https://doi.org/10.1016/S0378-1135(98)00182-5
https://doi.org/10.1016/S0378-1135(98)00182-5
https://doi.org/10.3382/ps.2008-00107
https://doi.org/10.3382/ps.2008-00107
https://doi.org/10.1637/0005-2086(2003)047%5b0211:CIJQCC%5d2.0.CO;2
https://doi.org/10.1637/0005-2086(2003)047%5b0211:CIJQCC%5d2.0.CO;2
https://doi.org/10.2307/1590463
https://doi.org/10.3389/fvets.2014.00005
https://doi.org/10.3389/fvets.2014.00005
https://doi.org/10.3382/ps.2010-00944
https://doi.org/10.3382/ps.2010-00944

Veterinary Sciences: Research and Reviews

haemolytica in sheep respiratory infections in
Ethiopia. J. Appl. Res. Vet. Med. 8: 101.
Dipineto, L., Russo, T.P., Gargiulo, A., Borrell,
L., De Luca Bossa, L.M., Santaniello, A., Buono-
core, P., Menna, L.F. and Fioretti, A. 2014. Prev-
alence of enteropathogenic bacteria in common
quail (Coturnix coturnix). Avian Pathol. 43: 498-
500. https://doi.org/10.1080/03079457.2014.96
6055

Doyle, M. 1989. Foodborne bacterial pathogens.
CRC Press.

Doyle, M., 1990. Pathogenic escherichia coli,
yersinia enterocolitica, and vibrio parahaemo-
lyticus. The Lancet 336, 1111-1115. https://doi.
org/10.1016/0140-6736(90)92582-3

Edwards, P.R. 1936. The occurrence of Salmonel-
la, Oranienburg type, in an infection of quail. J.
bacterial. 32: 259.

El Nagar, A. and Ibrahim, A. 2007. Case study
of the Egyptian poultry sector. In: Proceedings of
the International Poultry Conference. 31.

FAQO, 2011. Antibiotics in farm animal produc-
tion: Public health and animal welfare. http://
www.fao.org/fileadmin/user_upload/animalwel-
fare/antibiotics_in_animal_farming.pdf.
Fraqueza, M., Ribeiro, S., Pereira, S., Fernandes,
M., Fernandes, M. and Barreto, A. 2016. Genetic
and antibiotic resistance profiles of thermophilic
Campylobacter spp. isolated from quails (Cotur-
nix coturnix japonica) in a Portuguese slaughter-
house. Food Control 59: 337-344. https://doi.
org/10.1016/j.foodcont.2015.06.008

Frydendahl, K. 2002. Prevalence of serogroups
and virulence genes in Escherichia coli associated
with postweaning diarrhoea and edema disease in
pigs and a comparison of diagnostic approaches.
Vet. Microbial. 85: 169-182.

Helm, J.D., Hines, R.K., Hill, J.E. and Caver, J.A.
1999. Multiple drug-resistant salmonella typh-
imurium DT104 and DT104b isolated in bob-
white quail (Colinus virginianus). Avian dis. 788-
791. https://doi.org/10.2307/1592750

Holt, J.G., Krieg, N.R., Sneath, P.H., Staley, J.T.
and Williams, S.T. 1994. Bergey’s Manual of de-
terminate bacteriology, nineth Edition. Williams
and Wilkins, Baltimore.

Hu, Q,, Tu,]., Han, X., Zhu, Y., Ding, C. and Yu,
S.2011. Development of multiplex PCR assay for
rapid detection of Riemerella anatipestifer, Es-
cherichia coli, and Salmonella enterica simultane-

ously from ducks. J. microbial. Methods. 87: 64-

69. https://doi.org/10.1016/j.mimet.2011.07.007
ISO 6888-2:1999. International Organization
for Standardization (1999). Microbiology of food
and animal feeding stuffs - Horizontal method
for the enumeration of coagulase-positive staphy-
lococci (Staphylococcus aureus and other species)
e Part 2: Technique using rabbit plasma fibrino-
gen agar medium

ISO 6579:2002. International Organization for
Standardization (2002). Horizontal method for
the detection of Salmonella spp. Microbiology of
food and animal feeding stuffs.

Kabir, S. 2010. Avian colibacillosis and salmonel-
losis: a closer look at epidemiology, pathogenesis,
diagnosis, control and public health concerns. Int.
j. environ. Res. public health. 7: 89-114. https://
doi.org/10.3390/ijerph7010089

Kumar, S., Sadana, J. and Mishra, S. 2001. St-
ndieson clinical signs, growth response and hae-
matological changes in Japanese quail (Coturnix
coturnix japonica) infected with Salmonella typh-
imurium. Indian J. Poult. Sci. 36: 335-337.

La Ragione, R. and Woodward, M.J. 2002. Vir-
ulence factors of escherichia coli serotypes as-
sociated with avian colisepticaemia. Res. Vet.
Sci. 73: 27-35. https://doi.org/10.1016/50034-
5288(02)00075-9

Lee, G.Y,, Jang, H.I., Hwang, I.G. and Rhee,
M.S. 2009. Prevalence and classification of path-
ogenic escherichia coli isolated from fresh beef,
poultry, and pork in Korea. Int. j. food microbial.
134: 196-200.

Lee, M. and Arp, L. 1998. Colibacillosis. A Lab-
oratory manual for the isolation and identifica-
tion of avian pathogens 4™ edn. Am. Assoc. Avian
Patholog. 14-16.

Mason, W.J., Blevins, J.S., Beenken, K., Wibowo,
N., Ojha, N. and Smeltzer, M.S. 2001. Multiplex
PCR protocol for the diagnosis of staphylococcal
infection. J. clin. Microbial. 39: 3332-3338.
McCrea, B., Tonooka, K., VanWorth, C., Boggs,
C., Atwill, E.R. and Schrader, J. 2006. Prevalence
of campylobacter and salmonella species on farm,
after transport, and at processing in specialty
market poultry. Poult. Sci. 85: 136-143. https://
doi.org/10.1093/ps/85.1.136

Mellata, M., Dho-Moulin, M., Dozois, C.M.,
Curtiss III, R., Brown, PK., Arné, P, Brée, A.,
Desautels, C. and Fairbrother, J.M. 2003. Role of
virulence factors in resistance of avian pathogen-
ic Escherichia coli to serum and in pathogenic-

March 2017 | Volume 3 | Issue 1 | Page 23

Links

- I
@ Researchers


https://doi.org/10.1080/03079457.2014.966055
https://doi.org/10.1080/03079457.2014.966055
https://doi.org/10.1016/0140-6736(90)92582-3
https://doi.org/10.1016/0140-6736(90)92582-3
http://www.fao.org/fileadmin/user_upload/animalwelfare/antibiotics_in_animal_farming.pdf. 
http://www.fao.org/fileadmin/user_upload/animalwelfare/antibiotics_in_animal_farming.pdf. 
http://www.fao.org/fileadmin/user_upload/animalwelfare/antibiotics_in_animal_farming.pdf. 
https://doi.org/10.1016/j.foodcont.2015.06.008
https://doi.org/10.1016/j.foodcont.2015.06.008
https://doi.org/10.2307/1592750
https://doi.org/10.1016/j.mimet.2011.07.007
https://doi.org/10.3390/ijerph7010089
https://doi.org/10.3390/ijerph7010089
https://doi.org/10.1016/S0034-5288(02)00075-9
https://doi.org/10.1016/S0034-5288(02)00075-9
https://doi.org/10.1093/ps/85.1.136
https://doi.org/10.1093/ps/85.1.136

Veterinary Sciences: Research and Reviews

ity. Infect. Immune. 71: 536-540. https://doi.
org/10.1128/1A1.71.1.536-540.2003

Murakami, A. and Ariki, J. 1998. Produg¢io de
codornas japonesas. Jaboticabal: Funep 507.
Murakami, S., Miyama, M., Ogawa, A., Shi-
mada, J. and Nakane, T. 2002. Occurrence of
conjunctivitis, sinusitis and upper region tra-
cheitis in Japanese quail (Coturnix coturnix ja-
ponica), possibly caused by Mycoplasma galli-
septicum accompanied by Cryptosporidium sp.
infection. Avian Pathol. 31: 363-370. https://doi.
org/10.1080/030794502201633

Oliveira, S., Rodenbusch, C., Ce, M., Rocha, S.
and Canal, C. 2003. Evaluation of selective and
non-selective enrichment PCR procedures for
salmonella detection. Letters in appl. Microbial.
36:217-221.

Popoft, M. and Le Minor, L. 2001. Antigenic
formulas of the Salmonella serovars, WHO Col-
laborating Centre for Reference and Research on
Salmonella. World Health Organ.

Pruden, A., Larsson, D.J., Amézquita, A., Col-
lignon, P., Brandt, K.K., Graham, D.W., Lazor-
chak, J.M., Suzuki, S., Silley, P. and Snape, J.R.
2013. Management options for reducing the
release of antibiotics and antibiotic resistance
genes to the environment. Environ. Health Per-
spect. (Online) 121: 878. https://doi.org/10.1289/
ehp.1206446

Roy, P., Purushothaman, V., Koteeswaran, A. and
Dhillon, A. 2006. Isolation, characterization, and
antimicrobial drug resistance pattern of escher-
ichia coli isolated from Japanese quail and their
environment. J. Appl. Poult. Res. 15: 442-446.
https://doi.org/10.1093/japr/15.3.442

Santos, T., Murakami, A., Fanhani, J. and Ol-
iveira, C. 2011. Production and reproduction
of egg-and meat-type quails reared in different
group sizes. Revista Brasileira de Ciéncia Avico-

la. 13: 9-14. https://doi.org/10.1590/51516-

635X2011000100002

Shanaway, M. 1994. Quail production systems: a
review. Food Agric. Org.

Sultana, S., Islam, M.A., Khatun, M.M. and Nas-
rin, S. 2013. Multidrug resistant bacteria in the
respiratory tract of apparently healthy quails. Mi-
crob. Health. 1: 46-49. https://doi.org/10.3329/
mh.v1i2.14088

Suresh, T., Hatha, A., Sreenivasan, D., Sangeetha,
N. and Lashmanaperumalsamy, P. 2006. Preva-
lence and antimicrobial resistance of salmonella
enteritidis and other salmonellas in the eggs and
egg-storing trays from retails markets of Coim-
batore, South India. Food microbial. 23: 294-299.
Turgay, 0., Ozkan, N. and Cakiroglu, E. 2002.
Salmonella enteritidis in quail eggs. Turkish J. Vet.
Anim. Sci. 26: 321-323.

Vidotto, M.C., Miiller, E.E., De Freitas, J.C., Al-
fieri, A.A., Guimaries, I.G. and Santos, D.S. 1990.
Virulence factors of avian Escherichia coli. Avian
dis. 531-538. https://doi.org/10.2307/1591241
Wang, H.L., Yang, J., Shao, H.b., Luo, L., Ai, D.y,,
Luo, Q.P,, Wen, G.y., Zhang, R.R. and Zhang, L.
2010. Isolation and identificatio of enteropatho-
genic E. coli and salmonella from quail and their
drug sensitivity test [J]. Anim. Husbandry Feed
Sci. 1: 078.

WHO, 2011. Critically important antimicrobials
forhumanmedicine. Availablehttp://apps.who.int/
iris/bitstream/10665/77376/1/9789241504485 _
eng.pdfrlocale=en&null

WHO (World Health Organization), 2014. An-
timicrobial resistance: Global report on surveil-
lance. Geneva, Switzerland: (Available: www.who.
int/drugresistance/documents/surveillancereport/
en/ [accessed 20 May 2014].

Yusuf, M.S., El Nabtiti, A.S. and Cui, H. 2016.
Eftects of NENP vs LELP diets on Some laying
and reproductive performance parameters of jap-

anese Quail’S hens. J. Ad. Agric. Technol. Vol 3.

March 2017 | Volume 3 | Issue 1 | Page 24

] Links
G Hesearchers


https://doi.org/10.1128/IAI.71.1.536-540.2003
https://doi.org/10.1128/IAI.71.1.536-540.2003
https://doi.org/10.1080/030794502201633
https://doi.org/10.1080/030794502201633
https://doi.org/10.1289/ehp.1206446
https://doi.org/10.1289/ehp.1206446
https://doi.org/10.1093/japr/15.3.442
https://doi.org/10.1590/S1516-635X2011000100002
https://doi.org/10.1590/S1516-635X2011000100002
https://doi.org/10.3329/mh.v1i2.14088
https://doi.org/10.3329/mh.v1i2.14088
https://doi.org/10.2307/1591241
http://apps.who.int/iris/bitstream/10665/77376/1/9789241504485_eng.pdf?locale=en&null 
http://apps.who.int/iris/bitstream/10665/77376/1/9789241504485_eng.pdf?locale=en&null 
http://apps.who.int/iris/bitstream/10665/77376/1/9789241504485_eng.pdf?locale=en&null 
www.who.int/drugresistance/documents/sur veillancereport/en/
www.who.int/drugresistance/documents/sur veillancereport/en/
www.who.int/drugresistance/documents/sur veillancereport/en/

