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Introduction

Since mid-1990s when Iran started to import

Abstract:

BACK GROUND: Thebacterial contaminationof fertileeggsis
the most common cause of embryonic death in ostrich hatchery
unitsleading to financial lossin ostrich industry. OBJECTIVES:
The aim of this research was to investigate the bacterial
contamination status, with emphasis on Escherichia coli, of
ostrich hatcheries and the antimicrobial resistance profile of
isolated Escherichiacoli. METHODS: A total of 120 ostrich eggs
with dead embryos, at weekly intervals, were collected from
three ostrich hatcheries. The dead embryos were sent to
laboratory and sampleswerecollected aseptically from different
organs. Bacterial detectionandidentificationwereperformedby
using standard bacteriological and biochemical techniques.
Antimicrobial susceptibility test was carried out by agar disk-
diffusion method against 27 antimicrobia agents. RESULTS:
Different types of bacteriawereisolated from 56 eggs (46.7%).
Twenty-four ostrich eggs were shown to carry E. coli. In some
eggs, in addition to yolk sac, E. coli was also isolated from
meconium, liver, or heart bloodwhichincreasedthetotal number
of E. coli isolatesto 32. All E. coli isolates were susceptible to
trimethoprim + sulphamethoxazole, danofloxacin, and flume-
quine, whereas all were resistant to carbenicillin and erythro-
mycin. Resistance to other agents was variable. Multi-drug
resistance pattern was found among all E. coli isolates and
included 2 to 12 drugs. Thirty-two E. coli isolates generated 30
different resistance profiles against 27 antimicrobial drugs.
CONCLUSIONS: This was the first comprehensive report
regarding thebacterial, particularly Escherichiacoli, contamin-
ation of dead-in-shell ostrich embryos and antimicrobial resist-
ance status of the Escherichia coli isolatesfrom ostrich eggsin
[ran.
considerably and evenisfacing acompetitivemarket
for its products now. However, it seems that the
ostrich industry needs much improvement in

ostriches, the ostrich farming industry has expanded different aspects of production. Several factorssuch
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as reasonable fertility, hatchability, and chicks
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livability rates need to be improved because these
factors have been shown to have considerable
influence on the profitability of ostrich farming.
Bacterial contaminations of fertile eggs, dead-in-
shell embryos, and yolk sac infection have been
associated with lower hatchability rate (Deeming,
1996; Mushi et al., 2008; Dzoma, 2010).

Currently, littleinformationisavailableabout the
bacterial contaminationsof fertileostricheggs, dead-
in-shell embryos, and yolk sac infections in Iran's
ostrich farming industry. This is the first compre-
hensive study in Iran on the status of bacterial
contaminations of ostrich eggsin hatcheries

Materialsand M ethods

Sampling and Bacteriological Procedures. A
total of 120 ostrich eggswith dead-in-shell embryos
were collected at weekly intervalsfrom three ostrich
hatchery units during a 3-month period. Standard
bacteriol ogical techniqueswereusedfor theisolation
and identification of the bacteria from the samples,
whichincludedyolk sac, liver, heart,and pericardium
from each dead embryo (Quinne et a., 1994,
Waltman et a., 1998). Different types of bacteria
wereidentified ininitial screenings but only E. coli
isolateswereincluded in thisstudy.

Antimicrobial Susceptibility: In this investig-
ation, 32 E. coli isolates were recovered from 120
dead-in-shell embryos, their susceptibility to apanel
of 27 antimicrobial agentswasdetermined by theagar
disk-diffusion method, and the interpretation of
results was carried out according to the National
Committee for Clinical Laboratory Standards
guidelines (CLSI, 2006). The tested antimicrobial
agents and their concentrations (ug) were: cipro-
floxacin (5), danofloxacin (10), difloxacin (10),
enrofloxacin (5), nalidixic acid (30), flumequine
(30), cephalothin (30), cefixime (5), ampicillin (10),
amoxi-clav (30), carbenicillin (100), erythromycin
(15), kanamycin (30), neomycin (30), streptomycin
(20), amikacin (30), gentamicin (10), lincospectin
(15/200), Fosbac® (fosfomycin + fructose 1.6 di-
phosphate) (200), fosfomycin (200), chloramphenicol
(30), florfenicol (30), furazolidone (100), Coalistin
(10), tetracycline (30), oxytetracycline (30), and
trimethoprim-sulfamethoxazol e (1.25/23.75). Fosbac
®and fosfomycin disks were provided from Bedson
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Co. (BuenosAires, Argentina). All other antibacterial
disks were purchased from Padtan Teb Co (Tehran,
Iran). The ATCC reference strains Escherichia coli
ATCC 25922, Pseudomonas aeruginosa, ATCC
27853, and E. coli ATCC 35218 wereusedfor quality
control purposes. The isolates were classified as
susceptible, intermediate susceptible, or resistant
based on the standard interpretation chart updated
accordingtothecurrent CL S| standard (CL SI, 2006).
In this study, the E. coli isolates with intermediate
susceptibility classificationwereconsidered nottobe
resistant to that drug and multi-resistance was
defined asresistanceto morethan onedrug.

Results

Bacterial contaminations were detected in 56
(46.7%) out of 120 samples. More than one type of
bacteria was detected in 25 (44.6%) of the 56
contaminated eggs. The identified bacteria types
included Pseudomonas spp., Escherichia cali,
Klebsiella spp., Bacillus spp., Citrobacter spp.,
Saphylococcus spp., Proteus spp., Aeromonas spp.,
and Enterobacter spp. No bacterial contamination
was detected in 53.3% of 120 samples. Twenty-four
ostrich eggs were shown to carry E. coli. In some
eggs, inadditiontoyolk sac, E. coli wasalsoisolated
from meconium, liver, and heart blood, which
increased the total number of E. coli isolatesto 32.

All E. coli isolates of this study showed
susceptibility to danofloxacin, flumequine, trimeth-
oprim+sul phamethoxazol e, whereas all were resist-
antto carbenicillinand erythromycin (Table1). High
ratesof resistanceal soweredetected against colistin,
amoxi-clav, and ampicillin. Multi-drug resistance
(MDR) was found among all E. coli isolates. The
MDR pattern was variable and ranged from 2 to 12
drugs(Table2). Thirty-two E. coli isolatesgenerated
30 different patterns of antimicrobial resistance
(Table 3). The susceptibility of 32 E. coali isolatesto
six commonly used antibacterials in Iran's poultry
industry (enrofloxacin, flumequine, lincospectin,
florfenicol, and trimethoprim+sulfa, tetracycline)
produced six patterns (Table4).

Discussion

Early embryonicdeathand dead-in-shell embryos
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Table 1. Resistance of 32 ostrich Escherichia coli isolatesto 27
antimicrobial drugs.

Drugs % Resistant
Ciprofloxacin 0
Danofloxacin 0

Difloxacin 6.2
Enrofloxacin 0
NalidixicAcid 31
Flumequine 0

Cephalothin 56.2
Cefixim 21.8
Ampicillin 62.5
Amoxi-clav 75
Carbenicillin 100
Kanamaycin 281
Neomycin 15.6
Streptomycin 375
Amikacin 0
Gentamicin 31
Fosbac® 0
Fosfomycin 3.2
Erythromycin 100
Lincospectin 25
Chloromphenicol 6.2
Florfenicol 31
Furazolidone 0
Tetracycline 531
Oxytetracycline 21.8
Trimethoprim+sulfa 0
Colistin 93.7

Table2. Multi-drugresi stanceamong 32 ostrich Escherichiacoli
isolates.

No. (%) of resistant isolates ~ No. of antimicrobial drugs

32(100) 1
32(100) 1<
32(100) 2<
30(93.75) 3<
29(90.6) 4<
25(78.1) 5<
18(56.25) 6<
12(37.5) 7<
8(25) 8<
4(12.5) 9<
3(9.37) 10<
3(9.37) 11<
2(6.25) 12<
0(0) 13<

have been considered as the main causes of poor
hatchability in ostrichfarming (Cooper, 2001; Mushi
et a., 2008; Dzoma, 2010). Yolk sac retention and
yolk sacinfectionareal so known asimportant causes
of early chick mortality in different species of birds
(Khan, 2004). Despite diverse bacterial species that
areinvolvedinyolk sacinfection, E. coli hasbeenthe
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predominant pathogen that is isolated in avian
species(Khan, 2004).

Therehavebeen somestudiesonembryonicdeath
and early chick mortality in ostriches (Deeming,
1996; Dzoma and Dorrestein, 2001; Cabassi €t al.,
2004; Mushi et a., 2004; Jahantigh, 2010) and their
impact onhatchability rate(Deeming, 1995; Mushi et
a., 2008; Dzoma, 2010). Asit is the case in other
avian species, E. coli has been frequently the main
bacterium involved in the contamination of ostrich
eggs (Deeming, 1996; Dzomaand Dorrestein, 2001;
Cabass et a., 2004). In the present study, after
pseudomonas, E. coli was the most frequent
bacteriumisolatedfromtheostricheggs. Inthisstudy,
46.6% of samples showed bacterial contamination
and E. coli wasisolated from 42.8% of contaminated
eggs.

The microbiologic investigation of ostrich eggs
from farms with embryo mortality in Italy showed
19.3% bacterial contamination and E. coli was the
most common bacterial speciesisolated from 19% of
contaminated eggs (Cabassi, 2004). Investigation of
dead-in-shell embryos in one farm in Iran with
infertility problem and post-hatching yolk sac
infection showed 100% microbial contamination
with 45% Bacillus spp. as the most freguent
bacterium (Jahantigh, 2010).

UnlikeCabassi etal. (2004) whodid not report the
isolation of multiple bacterial species form ostrich
eggs, we isolated multiple bacterial species from
44.6% of the contaminated eggs. Our findings were
compatible with those of a previous study in Iran
(Jahantigh, 2010).

Salmonellaisanimportant zoonotic pathogenand
isafrequent causeof embryonicdeathandearly chick
mortality in poultry. Unlike Al-Nakhil et a. (2004)
whoreportedtheisol ationof Salmonellafromostrich
chicks in Saudi Arabia, our bacteriologic cultures
from ostrich eggs did not result in Salmonella
isolation, which corroborated thefindings of Cabassi
etal. (2004) and DeFreitasNet et al. (2009).

Microbia contamination of fertile eggs is
associated with the death of embryos and decreased
hatchability rate (Deeming, 1996; Cooper, 2001).
Fecal contamination of eggs and poor hygienic
conditions of hatcheriesare among the main sources
of infection of fertile eggs (Khan, 2004). Inthe open
system of ostrich breeding, the eggs are exposed to
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Table 3. Drug resistance patterns among 32 ostrich Escherichia coli isolates. CB = Carbenicillin, E= Erythromycin, Cl = Colistin, AMC =
Amoxicillin-clavulanate, TE = Tetracycline, T = Oxytetracycline, AM = Ampicillin, K = Kanamycin, S= Streptomycin, N = Neomycin, CF
= Cephalothin, CFM = Cefixim, LP= Lincospectin, DF = Difloxacin, NA = Nalidixic acid, C = Chloramphenicol, FF = Florfenicol, GM =
Gentamicin, FOSFO = Fosfomycin, SXT= Trimethoprim-Sul phamethoxazole.

Pattern ® Resistanceto No. of isolates (%)
1 CB, E,CL,AM,AMC 2(6.2)
2 CB,E,CL,CF,AM,AMC 2(6.2)
3 CB,E,CL
4 CB,E,AM
5 CB,E,CL,AMC
6 CB,E,CL,AMC, TE
7 CB,E,CL,AMC,TE, T
8 CB,E,CL,AM,AMC,S
9 CB,E,CL,AM,AMC,TE, T
10 CB,E,CL,AM,AMCK,STE, T
11 CB,E,CL,STE
12 CB,E,CL,CFAM,AMC,N,TE
13 CB,E,CL,CFAM,AMCK,TE
14 CB,E,CL,CFAM,AMCK,STE
15 CB,E,CL,CFAMC,TE
16 CB,E,CL,CFAMCK,TE Each patternincluded only oneisolate
17 CB,E,CL,CF,CFM,AM,AMC (3.1
18 CB,E,CL,CF,CFM,AM,AMC,TE
19 CB,E,CL,CF,CFM,AM,AMC, TE, T
20 CB,E,CL,CF,CFM,AM ,AMCK,STE
21 CB,E,CL,CF,.CFM,AM,AMC,K,N,SLPTE
22 CB,E,CL,CF.CFM, SLRTE,T
23 CB,E,CL,CFAM,N,SLP
24 CB,E,CLK,S LP
25 CB,E,CL,N,SLP
26 CB,E,CL,K,N,SLP
27 CB,E,CL,DF,CFAM,AMC
28 CB,E,CL,DF,CF,CFM,AM,AMC
29 CB,E,CL,NA,CFAMCK,SLRC,FFTE,T,

30 CB,E,CL,CF,AM,AMC,GM,FOSFO,LPC, TE, T,SXT

Table 4. Drug resistance patternsamong 32 ostrich Escherichia
coli isolates to six commonly used antibacterials in Iranian
poultry industry. @For abbreviation of drugsrefer totable 3.

Pattern * Resistanceto®  No.of isolates(%)
1 Noneof drugstested 11(34.5)
1 TE 13(40.6)
2 LP 4(12.5)
3 LR TE 2(6.2)
4 LPFRTE 1(3.1)
5 LR TE, SXT L.er

contamination after oviposition; therefore, strict
hygienic measures should be taken from nests to
hatcheries.

Antimicrobial resistance among bacteriaisolated
from food animals is a matter of concern to public
health and animals aswell. Investigations on E. coli
isolates from poultry have shown increased resist-
ancetoantimicrobial s(K hoshkhooand Peighambari,
2005; Li et al., 2010). Johnson et a. (2007)
demonstrated a close similarity between resistant
human and poultry E. coli isolates. They postul ated
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that resistant human isol ates have been derived from
poultry isolates, whereas resistant poultry isolates
have been originated from suscept-ible poultry
isolates.

High rates of antimicrobial resistance among E.
coli isolatesfrompoultry originhavebeenreportedin
recent years in Iran (Khoshkhoo and Peighambari,
2005; Moniri and Dastehgoli, 2007). In this study, a
high percentage of isolateswere resistant to ampicil -
lin (62.5%), amoxi-clav (75%), carbenicillin (100%),
erythromycin (100%), and colistin (93.7%), which
verifiesthefindingsof E. coli isolatesfrompoultry in
Iran (Khoshkhoo and Peighambari, 2005; Moniri and
Dastehgoli, 2007). Theuseof ampicillin, amoxi-clav,
and carbenicillin is uncommon in Iranian poultry
industry; however, erythromycin and colistin are
relatively used. Interestingly, unlike the high
resistance rate that has been observed in commonly
used antimicrobials such as enrofloxacin, flume-
quine, lincospectin, florfenicol, and trimethoprim+
sulfaamong poultry E. coli isolates (Khoshkhoo and
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Peighambari, 2005; Moniri and Dastehgoli, 2007),
our E. coli isolates from ostriches demonstrated a
highrateof susceptibility totheseantimicrobials. The
high frequency of resistance to ampicillin, amoxi-
clav, and oxytetracycline among E. coli isolates of
ostrich origin has been reported previously (Cabassi
et al., 2004). Almost half of Cabass et a.'s isolates
were resistant against enrofl oxacin, amoxi-clav, and
oxytetracycline. However, inthe current study, all E.
coli isolates were susceptible to enrofloxacin, and
21.8% and 75% were resistant against oxytet-
racycline and amoxi-clav, respectively. In another
study, Carneiro et al. (2010) found 16.6% resistance
toampicillinand 1.8% resistanceto amoxicillin-clav
among ostrich fecal E. coli isolates.

Drug resistance patterns may differ from one
placetoanother andfromtimetotimeduetodifferent
prophylactic and/or therapeutic usage of anti-
microbial agents. However, they may be useful
markers among bacteria isolates from the same
environment. Theresistance pattern may reflect the
extensive useof drugsinthepoultry industry and the
selection of resistant isolates over time. It was not
surprising that asignificant number of ostrich E. coli
isolates were resistant to penicillin, amoxi-clav,
carbenicillin, erythromycin, colistin, and tetra-
cycline. Thefirstfiveagentsaregenerally ineffective
against E. cali, and tetracycline resistance among E.
coli isnow widespread (Peighambari etal ., 1995; Ley
et a., 2001; Khoshkhoo and Peighambari, 2005).
Resistance to these agents may be an indicator of
long-term use in the ostrich industry or of reasons
other thandruguse. Thelatter could occur if genesfor
drug resistance become associated with genes for
some other property, which confers an advantage to
thestrain.

Susceptibility of 32 E. coli isolatesfrom ostriches
to 27 antimicrobial agents provided 30 patterns.
However, when the susceptibility of 32 E. coli
isolates to six commonly used antibacterials in
Iranian poultry industry (enrofloxacin, flumequine,
lincospectin, florfenicol, and trimethoprim+sulfa,
tetracycline) was analyzed; only six patterns were
observed. Cabassi et al. (2004) detected 15 different
resistance patterns among ostrich E. coli isolates.
They attributed the presence of different patterns,
among the same bacterial speciesand the same herd,
tothedifferent sourcesof thebirds.
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Based on OIE list of veterinary critically
important antimicrobials (VCIA), kanamycin and
neomycin usageisrestricted in veterinary medicine,
and in this research only %6.2 of isolates were
susceptibleto each of kanamycin and neomycin.

Increased MDR has been reported in E. coli
isolatesin many countriesincluding Iran (Cabassi et
al., 2004; K hoshkhooand Peighambari, 2005; Ozawa
etal.,2008; Carneiroetal.,2010; Li etal.,2010). This
situation in avian origin E. coli emphasized the
importance of antimicrobial susceptibility tests to
select an efficient antimicrobial agent against this
important pathogen. In our study, al E. coli isolates
demonstrated the MDR pattern and the number of
antibacterial agents varied between 2 to 12 among
MDR types, which wassimilar to our previouswork
on poultry E. coli (Khashkhoo and Peighambari,
2005). The wild birds are able to act as a carrier of
MDR types of E. coli isolates and spread these
bacteriaviafeces. Guenther et al. (2010) studied 187
E. coli isolates from the feces and internal organs of
wild birds, and it was revealed that 8% of isolates
were multi-drug resistant. The ostrich breeding farm
isan open system, so the contact with wild birds and
theirfeces, inadditiontotheincreasedrisk of diseases
transmission, could act as a potential source of
antimicrobial resistant isol ates.

MDR bacterial isolates of anima origin may
spread into human population by direct contacts or
through animal-origin foods (Soul sby, 2008). These
resistant bacteria may be colonized in the human
intestinal tract, and the genes coding for antibiotic
resistancecan betransferredtothe bacteriaof natural
micro flora or pathogenic bacteria. The resistance
bacteria that are thrown in the environment may
infect animals and then through food chain return to
humans (Hawkey, 2008).

In conclusion, this study demonstrated the
bacterial, particularly Escherichia coli, contamin-
ation of dead-in-shell ostrich embryos and anti-
microbia resistance status of the Escherichia coli
isolates from ostrich eggsin Iran. It appears that to
reduce the bacterial contamination of ostrich fertile
eggs, the breeders should pay sufficient attention to
the sanitary conditionsin ostrich breeder flocks and
the related hatchery facilities. The findings of the
present study are signifacant for Iranian ostrich
industry.
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