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A B S T R A C T 
 

A total of 100 dead in shell chicken eggs and 20 swabs from hatcheries were examined for aerobic bacteria. The isolated 
bacteria were identified as Escherichia coli 26 isolates (21.7%); (out of them 18 isolates from unhatched eggs and 8 
isolates from hatcheries). Pseudomonas aeruginosa 22 isolates (18.3%) was isolated only from unhatched eggs. While we 
isolated 16 (13.3%) coagulase positive Staphylococci; 12 isolates from unhatched  eggs and 4 isolates from hatcheries. 
Proteus spp.13 isolates (10.8%); 8 isolates from unhatched eggs and 5 isolates from hatcheries. finally Salmonella spp.11 
isolates (9.2%) and we couldn’t isolate any of them from hatcheries. The serological examination of E coli strains revealed 
that there were 9 serotypes , the most predominant serotype was O91 : H21(7isolates) , followed by O78 (4 isolates), O2 
: H6 (2 isolates) , O163 : H2 (2 isolates) , O128 : H2 (3 isolates), O158(2 isolates), O26 : H11(2 isolates), O121 : H7 
(2isolate) and O44 : H18(2isolates).Serotyping of Salmonella isolates showed that belonged to S. Kentukey 3 isolates, S. 
Enteritidis 3 isolates , S. Molade 2 isolates , S. Tsevie 1 isolates , S. Infantis 1 isolate and S. Larochelle 1 isolate. The 
antibiotic susceptibility testing of  E. coli isolates were studied against 15 different  chemotherapeutic agents revealed 
that it was 100%, 100%, 100%, and 96.1% resistant to Amoxicillin, Methicillin, Sulfamethazole/Trimethoprim and 
Cefoxitin respectively, while E. coli isolates were sensitive for Colistin, Ciprofloxacin and Gentamycin with 92.3%, 
88.5% and 84.6% respectively. While P. aeruginosa isolates were 100% resistant to tetracycline, Methicillin, Ampicillin, 
and Amoxicillin, while they were sensitive for Gentamycin (77.3 %) and Ciprofloxacin (72.7%). Coagulase Positive 
Staphylococci isolates were 100% resistant to Methicillin and Cefoxitin while highly sensitive for Gentamycin and 
Proteus and Pseudomonas Ciprofloxacin in percentage of 93.7%and 87.5%. In case of Proteus isolates they were found 
to be 100% resistant to Tetracycline, Methicillin and Cefoxitin while they were sensitive for Ciprofloxacin and 
Streptomycin 92.3 % and 84.6 %.Finely Salmonella spp. were resistant to Methicillin and Cefoxitin with 100% and 
Amoxicillin 90.9% while sensitive for Ciprofloxacin and Gentamycin with 90.9%.and 81.8%. Determination of multi-
drug resistance index (MDRI) for bacterial isolates recorded 0.633 in E. coli, 0.781 in Ps. aeruginosa, 0.612 in 
Staphylococci, 0.579 in Proteus spp. and 0.593 in Salmonella. Quaternary ammonium compound resistant gene (qacED1) 
was detected by PCR in E. coli, Salmonella, Coagulase Positive Staphylococci, aeruginosa with incidence rate 100% in 
all isolates. The study concluded that the presence of the qac resistance gene and multi-drug resistance bacteria of the 
isolated strains definite a link between antibiotic and disinfectant resistance is possible. 
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1. INTRODUCTION 

Hatchery hygiene is recognized as an important 
factor and common concern in healthy poultry 
production (Thermote, 2006). The development 
and maintenance of an effective hatchery sanitation 
program is essential for the successful operation of 
a poultry hatchery, so hatchery sanitation plays a 
crucial role in prevention and control of pathogens 
(Gehan et al., 2004).The hatchery is the greatest 
source for spread   the diseases within the poultry 
industry.  The  problem  usually  starts  with 
contaminated  eggs  which  are  incubated  under  

ideal condition  for  microbiological growth. 
Numerous  bacterial  pathogens  that  contaminate 
hatcheries  have  been  isolated  from  egg  shell,  
egg content as well as from dead in shell embryos. 
These pathogens included Salmonella spp., E. coli, 
Klebsiella spp., Proteus spp. Staphylococcus 
aureus and Streptococci (Al-Khalaf et al., 2010 and 
Kirunda et al., 2010). Poultry bacterial pathogens 
are mainly controlled by using chemotherapeutic 
drugs. The  long term  ,extensive and misuse  of 
antibiotics  for  veterinary  purpose  may  
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eventually results  in  selection  for  the  survival  
of  resistant microbial species (Aarestrup, 1999). 
Genes encoding for  this  resistance  also  can  be  
transferred  to  other formerly susceptible bacteria, 
thereby causing a threat to  both  animal  and  
human  health  (Montagne  et  al., 2003). The use 
of disinfectants could possibly be the last line of 
defense for the poultry industry. Quaternary 
ammonium compounds (QACs) based 
disinfectants are frequently used in environments 
were antibiotics are used thus fuelling the concern 
of a link between QAC and antibiotic resistance 
(Hegstad et al., 2010). The quaternary ammonium 
compounds (QACs) are cationic surface active 
detergents widely used in the poultry industry 
because of their low relative toxicity, good 
antibacterial properties non-irritating, non-
corrosive, low toxicity and reasonably effective in 
the presence of organic matter. Therefore, it makes 
a disinfectant of choice for equipment like 
incubators and hatching trays (Haynes and Smith, 
2003). Unfortunately, concerns have arisen 
regarding the potential emergence of cross-
resistance and co-resistance between widely used 
disinfectants and antibiotics (Reverdy, et al., 
1993). Mamman et  al. (2008)  showed  that  Gram 
negative  bacteria  were  generally more resistant  
to effects by disinfectants than Gram positive 
bacteria probably due to their having a more 
complex cell wall. The widespread and unrestricted 
use of antibiotics in animal and poultry production 
has led to a surge in antibiotic resistant bacterial 
strains, thus fuelling the search for alternative 
treatments for bacterial infections. One of these 
alternative treatments is the use of quaternary 
ammonium compound (QAC) based disinfectants, 
Reverdy et al., (1993). Sheldon (2005) reported 
that the mechanism of bacterial resistance to 
biocides can be intrinsic (as in the case of spores, 
mycobacteria, and Gram-negative bacteria), or 
acquired by means of plasmids or transposons, or 
by genetic mutation (Cabrera et al., 2007). 
Exposure of microorganisms to sub-MIC 
concentrations could result in the emergence of 
clones resistant to QACs (Hegstad et al., 2010). 
Disinfectants are generally used at very high 
concentrations but there is always the possibility 
that some bacteria are exposed to sub-MIC 
concentrations which could result in the 
development of resistance. Reverdy et al. (1993) 
suggested that the widespread use of QACs might 
impose a selective pressure and contribute to the 
emergence of disinfectant-resistant 
microorganisms in these environments. QACs 
resistance genes fall into two families. 
The qacA/B genes belong to the major facilitator 
super family and are only found in staphylococci 

on multi-resistance plasmids; Other QACs 
resistance genes belong to the small multidrug 
resistance family and include qac C/genes (Paulsen 
et al. 1995 and 1996). QAC genes in Gram-
negative bacteria were most frequently found in 
combination with genes coding for resistance to 
Aminoglycosides, Chloramphenicol, 
Sulphonamides, Trimethoprim and β-lactams 
Colinon et al. (2010) and Zhao et al. (2012). QACs 
Reports on QAC resistant bacteria have been on the 
increase in the food industry and veterinary 
practice and thus studies on bacterial resistance to 
QACs are on the increase.  

Aim of work: Keeping in view the above facts 
the present research was done with the following 
objectives: isolation and identification of bacteria 
associated with unhatched chicken eggs; 
determination of antibiotic susceptibility pattern of 
isolated bacteria with detection of multidrug 
resistance and detection of qac resistance gene in 
isolated bacteria. 

2. MATERIALS AND METHODS 

2.1. Collected Samples 

A total of 100 fully grown failed to pip out dead 
in shell embryos and 20 swabs from different 
hatcheries were collected  (cracked and piped out 
eggs not collected to avoid external 
contamination), samples were collected from 
(liver, yolk sac ,heart ,shell surface of the collected 
dead in shell embryonated eggs)  . All samples 
were handled aseptically and were examined 
microbiologically. 

2.2. Bacteriological examination  

Swabs from dead in shell embryos egg shell and 
different hatcheries were inoculated onto nutrient 
broth, Rappaport-Vassiliadis Soy broth and Tryptic 
soya broth containing 70 mg/ml Na Cl. All cultured 
media were incubated at 37 °c for 24 hours. The 
broth were streaked onto MacConkey agar, Xylose 
lysine-deoxycholate agar (XLD),Pseudomones 
agar,  Mannitol Salt agar and Eosin methylene blue 
(EMB) agar media then incubated at 37 °c for 
24hours.The collected colonies were identified 
morphologically using colony characters, Gram 
staining and biochemically according to 
MacFaddin (2000); Alexander (2001) and Leboff 
and Pierce (2011). Triple Sugar Iron agar (TSI) and 
IMVC tests were applied for identification of 
Enterobacteriaceae and applying of enzymatic 
reactions such as: Oxidase, Catalase, Coagulase 
and Urease tests for the other microorganisms 
according to Quinn et al. ( 2002). 

2.3. Serological identification 
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The isolated E. coli and Salmonella strains were 
serotyped in clinical microbiology unit in Faculty 
of Veterinary Medicine, Benha University. 
Serological identification of Salmonella was 
carried out by slide agglutination technique 
according to Kauffman (1974) for the 
determination of Somatic (O) and Flagellar (H) 
antigen using Salmonella antiserum (DENKA 
SEIKEN Co., Japan). E. coli isolates were 
serologically identified according to Kok et al., 
(1996) by using rapid diagnostic E. coli antisera 
sets (DENKA SEIKEN Co., Japan) for detection 
E. coli serotypes. 

2.4. Antibiotic susceptibility testing 

The antimicrobial susceptibility testing was 
done according to Finegold and Martin (1982) 
using agar disc diffusion method on Mueller 
Hinton agar. The isolated strains were tested 
against 15antibiotic discs of commonly used 
chemotherapeutic agents, from Oxoid Hampshire, 
U K. The interpretation of inhibition zones of 
tested culture was carried out according to CLSI 
(2015). 

2.5. Multidrug resistant Index (MDRI) 

Determination of multi-drug resistance index 
(MDRI) for bacterial isolates: Resistance to more 
than three antibiotics was taken as multidrug 
resistance (MDR). MDR index (MDRI) of 
individual isolates was calculated by dividing the 
number of antibiotics to which the isolate was 
resistant by the total number of antibiotics to which 
the isolate was exposed (Chandran et al., 2008). 
Isolates with MDRI values of more than 0.2 or 20% 
were considered highly resistant. 

 MDR index =   Number of antibiotics resisted    x 100  
           Total number of antibiotics used     
 

2.6. Polymerase Chain Reaction (PCR) for 
identification of qacED1gene 

 
The isolated E. coli, Salmonella spp., 

Pseudomonas spp., Proteus spp. and Staphylococci 
strains were sent to the Reference Laboratory for 
Veterinary Quality Control on Poultry Production 
in Animal Health Research Institute, Dokki, Giza, 
Egypt, for detection of qacED1gene as follow: 

2.6.1. DNA extraction:  

DNA extraction   from   samples   was   
performed   using   the QIAamp DNA Mini kit 
(Qiagen, Germany, GmbH) with modifications 
from the manufacturer’s recommendations. 
Briefly, 200 µl of the sample suspension was 

incubated with 10 µl of proteinase K and 200 µl of 
lysis buffer at 56 °c for 10 min.  After incubation, 
200 µl of 100% ethanol was added to the DNA 
extraction from samples was performed using the 
QIAamp DNA Mini kit (Qiagen, Germany, GmbH) 
with few modifications from the manufacturer’s 
recommendations. Briefly, 200 µl of the sample 
suspension was incubated with 10 µl of proteinase 
K and 200 µl of lysis buffer at 56 °c for 10 min. 
After incubation, 200 µl of 100% ethanol was 
added to the lysate. The sample was then washed 
and centrifuged following the manufacturer’s 
recommendations. Nucleic acid was eluted with 
100 µl of elution buffer provided in the kit. 
 

2.6.2. Oligonucleotide Primers:  

Primers used were supplied from Metabion 
(Germany) are listed in Table (1). 

2.6.3. PCR amplification: 

Primers were utilized in a 25- µl  master mix 
reaction containing 12.5 µl of EmeraldAmp Max 
PCR Master Mix (Takara, Japan), 1 µl of each 
primer of 20 pmol concentrations, 4.5 µl of water, 
and 6 µl of DNA template. The reaction was 
performed in an applied biosystem 2720 thermal 
cycler. 

2.6.4. Analysis of the PCR Products: 

The products of PCR were separated by 
electrophoresis on 1.5% agarose gel (Applichem, 
Germany, GmbH) in 1x TBE buffer at room 
temperature using gradients of 5V/cm. For gel 
analysis, 15 µl of the products was loaded in each 
gel slot. A gel pilot 100 bp DNA Ladder (Qiagen, 
Germany, GmbH) was used to determine the 
fragment sizes. The gel was photographed by a gel 
documentation system (Alpha Innotech, Biometra) 
and the data was analyzed through computer 
software. 

3. RESULTS  

 A total of 88 isolated bacterial agents were 
obtained and identified as E. coli (26 isolates), 
Pseudomonas aeruginosa (22 isolates), only 
coagulase positive Staphylococci (16 isolates), 
Proteus spp. (13 isolates ) and  Salmonella 
spp.(11isolates) with incidences of isolation 
21.7%, 18.3 %, 13.3%, 10.8% and 9.2% 
respectively, and an overall incidence of (73.3%). 
Out of the 26 E. coli isolates18   were isolated from 
unhatched dead in shell embryonated eggs while 8 
were isolated from hatcheries. While all the isolates 
of Ps. aeruginosa were obtained from unhatched 
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Table (1): Primers sequences, target genes, amplicon sizes and cycling conditions 
 

Target 
gene 

Primers sequences Amplified 
segment 

(bp) 

Primary 
Denaturat

ion 

Amplification (35 cycles) Final 
extension 

Second
ary 

denatur
ation

Annealing Extension 

qacED1 5' TAA GCC CTA CAC 

AAA TTG GGA GAT AT 
'3 

362 94˚C 

5 min. 

94˚C 

30 sec. 

58˚C 

40 sec. 

72˚C 

40 sec. 

72˚C 

10 min. 

3' GCC TCC GCA GCG 
ACT TCC 
ACG '5 

Reference 
 

Chuanchuen et al. (2007) 

 

eggs (egg room, egg dish and other equipments), 
12 isolates of the 16 coagulase positive 
Staphylococcus spp. were obtained from 
unhatched eggs while 4 isolates were obtained 
from hatcheries. Concerning Proteus species 13 
isolates were obtained from both unhatched eggs, 
(8 isolates) and hatcheries (5 isolates), finally, 
Salmonella spp.11 isolates were  isolated from 
unhatched eggs and couldn’t be isolated from 
hatcheries as showed in Table (2). 

Serotyping of E. coli isolates by slide 
agglutination technique revealed the distribution of 
isolates in 9 different serotypes, the most 
predominant serotype was O91:H21 (7isolates), 
followed by O78 (4isolates),O2:H6 (2isolates), 
O163:H2 (2isolates), O128:H2(3isolates), O158 
(2isolates), O26:H11(2isolates), O121:H7 
(2isolates) and O44:H18(2isolates) were obtained  
as shown in Table (3). Salmonella isolates were 
serotyped using poly and monovalent "O" and "H" 
antisera. By serotyping ,the most predominant 
serotypes were S. kentukey and  S. Enteritidis, 3 
isolates for each  in percentage of (27.3 %) 
followed by 2 isolates S. Molade(18.2 % ), and 1 
isolate of each of S. Tsevie, S. Infantis and S. 
Larochelle in percentage of (9.1 %) as showed in 
Table (4). 

The results of antibiotic susceptibility testing of 
the isolated bacterial agents against 15 different 
antibiotics (table 5) revealed that E. coli were 
completely resistant to Amoxicillin, Methicillin, 
Sulfamethazole/Trimethoprim and highly resistant 
to Cefoxitin ( 96.1%  resistance), while the isolates 
were highly  sensitive for Colistin, Ciprofloxacin 

and Gentamycin with 92.3% 88.5% and 84.6% 
respectively. Ps. aeruginosa isolates were 100% 
resistant to Tetracycline, Methicillin, Ampicillin, 
Amoxicillin, Neomycin, Erythromycin and 
Sulfamethazole/Trimethoprim while they were 
sensitive for Gentamycin (77.3 %) and 
Ciprofloxacin (72.7%). Coagulase Positive 
Staphylococci was 100% resistant to Methicillin 
and Cefoxitin while resistant to Amoxicillin and 
Sulfamethazole/Trimethoprim at 93.7 %, while it 
was highly sensitive for Gentamycin and 
Ciprofloxacin in percentage of 93.7% and 87.5%. 
In case of Proteus spp., they were found to be 
100% resistant to Methicillin, Cefoxitin and 
Tetracycline, while they were sensitive for 
Ciprofloxacin and Streptomycin at percentage of 
92.3% and 84.6%. Finely Salmonella spp. were 
resistant to Methicillin and Cefoxitin with 100% 
and Amoxicillin and Cefadroxil with 90.9% 
respectively while it was sensitive for 
Ciprofloxacin and Gentamycin with 90.9%.and 
81.8% respectively. The study recorded multidrug 
resistant index (MDR) among the isolated bacteria 
at least for 3 chemotherapeutic agents as 0.63 in E. 
coli, 0.78 in Ps. aeruginosa, 0.61 in Staphylococci, 
0.58 in Proteus spp. and 0.59 in Salmonella,( more 
than 0.2). These results are shown in table (5). 

In this study, the qacED1 gene was detected 
by PCR in all representative isolates of E. coli, 
Salmonella spp., Coagulase Positive 
Staphylococci, Pseudomonas aeruginosa and 
Proteus spp. in percentage of (100%) (5 isolates of 
each bacterial strain), this explained in Figure (1 
and 2).
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Table (2): prevalence of bacterial isolates from dead-in- shell embryos and hatcheries: 
 
Bacterial isolates 
 

No. of 
isolates from 

unhatched 
eggs (100) 

% 
 

No. of 
isolates 

from 
hatcheries 

(20) 

% prevalence 
rate (120) 

E. coli  (26) 
 

18 
 

18.0 % 8 40.0 % 21.7 % 

Pseudomonas 
aeruginosa (22) 
 

22 22.0 % 0 0 % 18.3 % 

CoagulasePositive 
Staphylococci (16)  

12 12.0 % 4 20.0 % 13.3 % 

Proetus spp.(13) 
 

8 8.0 % 5 25.0 % 10.8 % 

Salmonella spp. 
(11) 
 

11 11.0 % 0 0 % 9.2 % 

Total       (88) 
 

71 71.0 % 17 85 % 73.3 % 

 
Table (3): Serological identification of E. coli strains  
 

    Serotype    No. of isolates Isolation rate 

O91 : H21    7 isolate   26.9 % 

O78    4 isolates   15.4 % 

O2 : H6    2 isolates   7.7 % 

O163 : H2    2 isolates   7.7 % 

O128 : H2    3 isolates   11.5 % 

O158    2 isolates   7.7 % 

O26 : H11    2 isolates   7.7 % 

O121 : H7    2 isolates   7.7 % 

O44 : H18    2 isolates   7.7 % 

    Total         26   100 % 

 
Table (4): Serological identification of Salmonella strains  
 

          Serotype 
 

Group   No. of isolates Isolation       rate 

Salmonella Kentucky    C 3     3 isolates  27.3 % 
Salmonella Molade    C 2     2 isolate  18.2 % 
Salmonella Enteritidis    D 1     3 isolates  27.3 % 
Salmonella Tsevie    B     1 isolate  9.1 % 
Salmonella Larochelle    C 1     1 isolate  9.1 % 
Salmonella Infantis    C 1     1 isolate  9.1 % 
Total            11   100 % 
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Table (5): In vitro antibiotic resistance pattern 
 

Salmonella 

spp. 

(11) 

Proteus spp.(13) 

 

Coagulase Positive 

Staphylococci 

(16) 

Pseudomo

nas 

aeruginosa 

(22) 

E. coli (26) Antibiotic discs 

R (90.9%) R (92.3%) R (93.7%) R (100%) R (100%) Amoxicillin(25µg) 

R (100%) R (100%) R (100%) R (100%) R (100%) Methicillin (5 µg) 

 

R (81.8%) R (84.6%) R (43.7%) R (100%) R (76.9%) Ampicillin (10 µg) 

 

R (100%) R (100%) R (100%) R (95.4%) R (96.1%) Cefoxitin (30 µg)      

 

R (90.9%) R (92.3%) R (87.5%) R (90.9%) R (92.3%) Cefadroxil ( 30 µg)   

 

R (27.3%) R (23.1%) R (43.7%) R (72.7%) R (19.2%) Enrofloxacin (10 

µg) 

R (9.1%) R (7.7%) R (12.5%) R (27.3%) R (11.5%) Ciprofloxacin(5 µg)   

 

R (18.2%) R (23.1%) R (18.7 %) R (50%) R (7.7%) Colistin (25 µg) 

 

R (18.2%) R (23.1%) R (6.25%) R (22.7%) R (15.4%) Gentamycin (10 µg) 

 

R (27.3 %) R (15.4 %) R (18.75%) R (31.8%) R (23.1%) Streptomycin(10 

µg) 

R (72.7%) R (76.9%) R (87.5%) R (100%) R (84.6 %) Neomycin (30 µg) 

 

R (63.6%) R (100%) R (68.7%) R (100%) R (69.2%) Tetracycline(30μg) 

 

R (72.7%) R (15.4 %) R (62.5%) R (81.8%) R (73.1%) Florphenicol (l5 µg) 

 

R (63.6%) R (46.1%) R (81.2 %) R (100%) R (80.8%) Erythromycin(l5 

µg) 

R (54.5%) R (76.9%) R (93.7%) R (100%) R (100%) Sulfamethoxazole 

/Trimethoprim 

(25µg) 

0.59 0.58 0.61 0.78 0.63 MDR index 
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Fig. (1): PCR identification of qacED1gene in Salmonella and Coagulase Positive Staphylococci     
QacED 1 gene of Salmonella Amplification of 362 bp was observed in the extracted DNA of isolates cod 
number 1, 2, 3, 5 and 8. QacED 1 gene of Coagulase Positive staphylococci Amplification of 362 bp was 
observed in the extracted DNA of isolates cod number 1, 2, 3, 4 and 5. 
  

 
Fig. (2): PCR identification of qacED1gene in E. coli, Proteus and Pseudomonas 
QacED1gene of Pseudomonas Amplification of 362 bp was observed in the extracted DNA of isolates cod 
number 1, 2, 3, 4 and 5. QacED1gene of Escherichia coli Amplification of 362 bp was observed in the 
extracted DNA of isolates cod number 1, 3, 4, 6 and 9. QacED 1 gene of Proteus Amplification of 362 bp was 
observed in the extracted DNA of isolates cod number 1, 2, 3, 4 and 5  
 
4. DISCUSSION 

Bacterial agents play an important role in the 
hatcheries by decreasing the rate of hatchability 
and affecting the health of newly hatched chicks 
and their future performance. This is due to 
ignorance of the hygienic and therapeutic 
measures. Effective disinfection programs are vital 
in the poultry farms especially in hatcheries. These 
programs control several pathogens which causes 
economic losses in poultry industry. The regular 

use of these substances in poultry production may 
select for bacteria that are less susceptible to 
biocides and antibiotics due to bacterial adaptation. 
Little is known about resistance to disinfectant and 
antibiotics and their co-resistance in bacteria. In the 
present study bacteriological examination of 120 
samples from dead-in- shell embryos and 
commercial broiler chicken hatcheries revealed 
that the recovered isolates were: E. coli 26 isolates 
(21.7%),Pseudomonas aeruginosa 22 isolates (18.3 
%),Coagulase Positive Staphylococci 16 (13.3%), 
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Proetus spp. 13(10.8%), and Salmonella spp. were 
11 (9.2%) as shown in Table (2). These results 
were agreed with those of Al-Khalaf et al., (2010) 
and Kirunda et al., (2010)who could isolated the 
same bacterial strains from egg shell, infertile eggs, 
dead in shell embryos and newly hatched chicks 
.They isolated Escherichia coli , Salmonella 
species, Klebsiella pneumoniae, Proteus vulgaris, 
Pseudomonas aeruginosa, Staphylococcus aureus, 
Citobacter diversus and Enterobacter cloacae. 
Moreover, (Walker et al. (2001) mentioned that 
numerous bacterial pathogens which  contaminate 
hatcheries had been isolated from egg shell, egg 
content as well as from dead in shell chicken 
embryos, these isolates included Salmonella spp., 
Escherichia coli, Staphylococcus aureus, Proteus 
spp. and Pseudomonas spp. In addition, it has been 
described by Azmy (2010) who recorded high 
incidence of E. coli 44 (25.88%), Salmonella 
species 44 (25.55%), Klebsiella 42 (24.7%), 
Pseudomonas aeruginosa 34(20.0%), Proteus 
Vulgaris 18 (10.59%), Staph. aureus16 (9.41%), 
and Streptococcus fecalis 8 (4.7%), in dead-in-shell 
chicken breeds. In the same manner, Mamman et 
al. (2008) could isolate and identified 62 E. coli, 21 
Proteus spp., 6 Pseudomonas spp., 11 
Staphylococcus aureus, 8 Staphylococcus spp., 5 
micrococcus spp., 2 Corynebacterium spp. and 1 
Bacillus spp. from 600 dead-in-shell chick 
embryos and 4 commercial hatcheries. The 
difference in the isolation rate may be attributed to 
the heavy contamination of the eggs after lying and 
the improper handling and storage of the hatching 
eggs also may be due to climatic and geographic 
differences.  

Serotyping of E. coli isolates by slide 
agglutination technique revealed the distribution of 
E. coli isolates in 9 different serotypes. The most 
predominant serotype was O91 (7 isolates), 
followed by O78 (4isolates), 3 isolates of O128, 
and 2 isolates of O2, O163 O158, O26, O121 and 
O44. The present results agreed with results of  
Shalaby and Abd El-Hamid (1987) who found  that  
the  most  prevalent  serotypes  were O78, O128 
and O114, and Chart et al., (2000) who reported 
that E. coli isolates are pathogenic for poultry 
commonly belong to certain serotypes, particularly 
the serotypes, O78, O1, and O2, and to some extent 
O15 and O55. Also our  results partially agreed 
with Al-Khalaf et al., (2010)  whose serological 
typing of E. coli isolates from hatchery revealed 6 
serotypes of E. coli they were O126 ,O111, O26, 
O119 ,O125, O55,also with Samah et 
al.,(2015)who detected,13 serotypes were,O27 
,O152, O125, O6, O159 ,O169 ,O91, O166, O145, 
O25, O153, O115, and O29.  

The obtained data revealed that the recovered 
11 salmonella isolates were seriologicaly identified 
to the most predominant serotypes were S. 
Kentukey  and  S. Enteritidis, 3 isolates from each  
in percentage of (27.3 %) followed by 2 isolates of 
S. Molade (18.2 % ), and1 isolate of S. Tsevie, S. 
Infantis and S. Larochelle in percentage   of (9.1%). 
These results partially agreed with Byrd et al., 
(1999) who isolated a total of 11 different   
Salmonella serotypes from hatcheries, with S. 
Heidelberg (9/30) and S. kentucky (6/30) 
accounting for 50% of the total isolations.  Also 
Azmy (2010) found the most prevalent types were 
16 isolates  S. Enteritidis,  8 isolates S. Gallinarum, 
3 isolates S. Pullorum; 4 isolates  S. Dublin. The 
results  agreed with Nabin et al. (2010) who found 
that S. Enteritidis and S. Kentuky  to be the most 
frequent serotypes among samples from chicken 
farms and observed that they were isolated from a 
wide variety of samples, including egg yolk, egg 
shell, boots, water, and feed. These differences in 
serotypes of isolated E. coli and salmonella might 
be due to the locality and to the environmental 
condition of isolation. 

Antimicrobial resistance has become a global 
problem, and the huge consumption of antibiotics 
by both humans and animals resulted in 
development and spread of a large number of 
antibiotic resistances among bacterial populations 
thus creating critical public health problems. In the 
current study E. coli isolates were multidrug 
resistant (resistant to at least three or more classes 
of antimicrobial agents). E. coli was found to be 
resistant to Amoxicillin, Methicillin, 
Sulfamethazole/Trimethoprim (100%), cefoxitin 
(96.1%) and cefadroxil (92.3%),while it was found 
to be sensitive to Colistin, Ciprofloxacin and 
Gentamycin with 92.3% 88.5% and84.6% 
respectively. Higher susceptibility rate to 
Ciprofloxacin also was detected by Azmy (2010) 
and Hasan e t al.(2011) who reported a sensitivity 
rate of 87.1%.On the other hand lower resistance 
rate was recorded by (Li et al, 2007) who recorded 
19% resistant rate to Ciprofloxacin. While 
sensitivity rate of E. coli to Gentamycin was 
(84.6%), these results were agreed with that of 
Ahmed (2016) and Asherf et al. (2016) who said 
that E. coli isolates were highly sensitive to 
Gentamycin and were highly resistant to 
Amoxicillin.                                                                                  
P. aeruginosa isolates were 100% resistant to 
Tetracycline, Methicillin, Ampicillin, Amoxicillin, 
Neomycin, Erythromycin and 
Sulfamethazole/Trimethoprim. These results were 
similar to Célia et al. (2005) who observed high 
resistance rate to the third generation 
Cephalosporin, as well as Cefepime and 
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Ceftazidime. While P.aeruginosa were highly 
sensitive to Gentamycin (77.3%) and 
Ciprofloxacin (72.7%),  also these results were 
nearly similar to Asherf et al. (2016)who cited that 
P. aeruginosa  isolates were highly sensitive to 
Gentamycin(80%) and Ciprofloxacin and highly 
resistant to Tetracycline (100%).   

In the present study isolates of Coagulase 
Positive staphylococci were resistant to multiple 
antimicrobials, as Methicillin (100%), Amoxicillin 
(93.7%), cefoxitin (100%) and Cefadroxil (87.5%). 
while they were highly sensitive to Gentamycin 
(93.75%), Ciprofloxacin (87.5%) and 
Streptomycin (81.25%). These results were agreed 
with Samah et al., (2015) who recorded that 
isolated Coagulase Positive Staphylococci were 
73.3% sensitive to Ciprofloxacin 70% to 
Gentamycin, but resistance against 
Trimethoprime-Tulphamethazone. Also results go 
hand to hand with Ahmed (2016) who stated that 
isolates of Staph aureus were highly sensitive to 
Gentamycin and Ciprofloxacin (80% for each). 
While they were highly resistant to Amoxicillin 
(100%), also with Asherf et al. (2016) who stated 
that isolates of Staph aureus were highly sensitive 
to Gentamycin (100%) and Ciprofloxacin (84%) 
while they were resistance to Tetracycline (72%) 
and Amoxicillin (80%). 
In case of Proteus isolates they were multidrug 
resistant, as the isolates found to be 100% resistant 
to Methicillin, Cefoxitin and Tetracycline, 
Cefoxitin, Amoxicillin (92.3%), Cefadroxil 
(92.3%). These results were nearly similar to those 
of Aly and Mohammed (2015) who reported that 
approximately 50-100% of Proteus isolates 
showed resistance to Lincomycin, Oxacillin, 
Oxytetracycline, Chloramphenicol, Ampicillin and 
Ciprofloxacin. 

In our study Salmonella spp. were resistant to 
Methicillin and Cefoxitin with 100% and 
Amoxicillin and Cefadroxil with 90.9%while it 
was sensitive for Ciprofloxacin and Gentamycin 
with 90.9%.and 81.8%.These results were agreed 
with that of Ahmed et al. (2011) and Asherf et al. 
(2016). 
The qac genes are widely spread among clinical 
and environmental bacteria; it is obvious that their 
distribution is generally linked with a particular 
bacterial species, Jaglic and Cervinkova (2012). 
The association between the presence ofqacED1 
and antimicrobial resistance was significant. 
Interestingly, all qacED1 positive E. coli 
,Salmonella spp, Ps. aeruginosa ,Staphylococci 
and Proteus isolates in our study  were multidrug 
resistant (resistant to at least three or more classes 
of antimicrobial agents). So, in the present study 
the qacED1 gene was detected in 100% of the 

tested isolates of E. coli, Salmonella spp., Ps. 
aeruginosa, Staphylococci and Proteus, as shown 
in Figure (1, 2). These results was agreed with 
Kucken et al. (2000) who demonstrated that QAC 
resistance genes were commonly present among E. 
coli isolates; and partially agreed with Asherf et al., 
(2016) who revealed thatqacED1gen was reported 
in E. coli (63.6%). Also  agreed with that of 
Likouzou et al.(2014) who recorded that several 
QAC genes were newly described in E. coli , and 
highly associated with multidrug resistance 
phenotype, also, the use of QACs in the 
environment might select for E. coli strains with 
acquired QAC resistance that also carry genes 
encoding resistance to medically important 
antimicrobial agents. Sidhu et al. (2002) reported 
that biocide resistance E. coli strains exhibiting 
resistance to multiple antimicrobial. In case of the 
other isolated microbes, Asherf et al. (2016) 
recorded that qacED1 gene was detected in Staph 
aureus by 44.44%, in Salmonella was 57.14% and 
100% in P. aeruginosa isolates. These  results were 
nearly in accordance with Amira (2016) who found 
that the distribution of qacED 1 was 93.1%.The 
results were in agreement with Wang et al., (2008) 
who stated that, qacE gene (including its attenuated 
variant qacED1) is widely spread in Gram negative 
bacteria, mainly in Enterobacteriaceae and 
Pseudomonas spp. Although (Bjorland et al., 2005) 
recorded that, qac resistance genes have already 
been identified from Staphylococci isolated from 
various sources. Heir et al. (1995) reported that 
80% of QAC-resistant staphylococci harbored qac 
genes. In another study, the QAC gene was found 
in 94.6% of QAC-tolerant S. aureus isolates (Liu et 
al., 2009). Also Russel (2002) indicate that the 
presence of QAC genes in staphylococci results in 
selection of antibiotic-resistant bacteria, also 
speculated that disinfectant resistance might 
contribute to antibiotic resistance by co-resistance 
or cross-resistance mechanisms or co-selection. 

5. CONCLUSION: 

This study confirms that un hatched chicken 
eggs can harbor multi-drug resistance bacterial 
pathogens not only responsible for economic losses 
but also having zoonotic importance. Moreover, 
the study concluded that the presence of the qac 
resistance genes and multi-drug resistance bacteria 
of the isolated strains definite a link between 
antibiotic and disinfectant resistance is possible, so 
effective disinfection programs are vital in the 
poultry farms especially in hatcheries. These 
programs control several pathogens, which causes 
economic losses in poultry industry.  



Detection of Disinfectant resistant aerobic bacteria in unhatched chicken eggs 

257 
 

6. REFERENCES 

Aarestrup, F.M. (1999): Association between the 
consumption of antimicrobial agents in 
animal husbandry and the occurrence of 
resistant bacteria among food animals. Int. J. 
Antimicrob. Ag. 12: 279–285. 

Ahmed, I., (2016): Studies on omphalitis in baby 
chicks. M.S. Beni-Suif University. 

Ahmed. M.M., Rahman, M. M., Mahbub, K. R. and 
M. Wahid uzzaman,M. (2011): 
Characterization of Antibiotic Resistant 
Salmonella spp Isolated from Chicken Eggs 
of Dhaka City. J. Sci. Res. 3 (1), 191-196.  

Alexander, S.K.; Strete, D. (2001). Microbiology-
Aphotographic atlas for the laboratory. 
Benjamin Commings. 

Al-Khalaf, A.N.; Akeila, M.A.; Al-Dubaib, M.A.; 
Azzam, A.H.; El-Shafey, A.A. and Draz, 
A.A. (2010): Bacterial contamination of 
hatcheries. Journal of Agricultural and 
Veterinary Sciences, Qassim University 2 
(2): 67–76. 

Aly E. Abo-Amerand Mohammed Y. Shobrak 
(2015): Isolation and Molecular 
Characterization of Multidrug Resistant 
Salmonella, Shigella and Proteus from 
Domestic Birds. Thai J Vet Med. 2015. 
45(1): 23-34.   

Amira, F.A., (2016): Molecular characterization of 
virulence genes in Salmonella spp. Isolated 
from poultry. Ph.D. Thesis, Kafrelsheikh 
University.  

Ashraf A. Abdel-Tawab, Soad A. Nasef and Ola A. 
Ibrahim (2016): Bacteriological and 
Molecular Studies on Bacteria Causing 
Omphalitis in Chicks with Regard to 
Disinfectant Resistance Global Veterinaria 
17 (6): 539-545, 2016. 

Azmy R. W. (2010). Some studies on bacterial 
agents causing embryonic mortalities in 
chickens and ducks. Department of Avian 
and Rabbit Medicine Faculty of Veterinary 
Medicine, Zagazig University.pp-80-84. 

Bjorland, J., Steinum, T., Kvitle, B., Waage, S., 
Sunde, M. and Heir, E. (2005).Widespread 
distribution of disinfectant resistance genes 
among staphylococci of bovine and caprine 
origin in Norway. J. Clin. Microbiol. 43(9), 
4363-4368. 

Byrd, J.A.; DeLoach, J.R.; Corrier, D.E.; Nisbet, 
D.J.; and Stanker, L.H. (1999): Evaluation of 
Salmonella serotype distributions from 
commercial broiler hatcheries and grower 
houses". Avian Dis. 43(1): 39-47. 

Cabrera CE, Gómez RF, Zúñiga AE (2007): La 
resistencia de bacterias a antibióticos, 

antisépticos y desinfectantes 
unamanifestación de los mecanismos de 
supervivencia y adaptación. Colombia Med 
38: 149-58. 

Célia Maria Carvalho Pereira AraujoRomão, 
YaisaNaziozeno de Faria, Luciana Roberto 
Pereira, Marise Dutra Asensi (2005): 
Susceptibility of clinical isolates of 
multiresistant Pseudomonas aeruginosa to a 
hospital disinfectant and molecular typing. 
MemInst Oswaldo Cruz, Rio de Janeiro, 
100(5): 541-548. 

Chandran A.; A.A.M. Hatha; S.Varghese and K.M. 
Sheeja (2008): Prevalence of multidrug 
resistant E. coli serotypes in a Tropical 
Estuary, India. Microbes Environ. 23(2): 
153-158. 

Chart, H.; Smith, H.R.; La Ragione, R.M.; 
Woodward, M.J.  (2000). An investigation 
into the pathogenic properties of Escherichia 
coli strains BLR, BL21, DH5α, and EQ1.  
J.Appl. Microbiol., 89, 1048-1058. 

Chuanchuen, R., Khemtong, S., and Padungtod, P. 
(2007): Occurrence of qace/qace1 genes 
and their correlation with class 1 integrons in 
salmonella enterica isolates from poultry and 
swine. South East Asian J. Trop. Med. 
Public Health 38, 855–862. 

CLSI, (2015): antimicrobial susceptibility testing 
update .Clinical and Laboratory standards 
Institute. February 2, 2015 

Colinon C, Jocktane D, Brothier E, Rossolini GM, 
Cournoyer B, Nazaret S (2010): Genetic 
analyses of Pseudomonas aeruginosa 
isolated from healthy captive snakes: 
evidence of high inter- and intrasite 
dissemination and occurrence of antibiotic 
resistance genes. Environmental 
Microbiology 12, 716–729. 

Finegold and Martin, (1982): Diagnostic 
Microbiology. Bailey and Scott's.  6 Ed. The 
C.V. Mosby Company. St. Louis, Toronto, 
London. 

Fuentes DE, Navarro CA, Tantalean JC, Araya 
MA, Saavedra CP, Perez JM, Calderon IL, 
Youderian PA, Mora GC, Vasquez CC 
(2005): The product of the qacC gene of 
Staphylococcus epidermidis CH mediates 
resistance to beta-lactam antibiotics in 
Gram-positive and Gram-negative bacteria. 
Research in Microbiology 156, 472–477. 

Fussel, M. H. (1987). Yolk sac infection. 
International Hatchery Practice, 1(2): 11-12. 

Gehan, Z.M.; Anwer, W. and Moubarak, 
S.T.(2004). Evaluation of some chemical 
disinfectants used in commercial poultry 



Bakheet et al. (2017). BVMJ‐32(2): 248‐259 

258 
 

hatcheries. J. Egypt. Vet. Med. Assoc., 64, 
221-233. 

Hasan, B.; Faruque, R.; Drobni, M.; Waldenström, 
J.; Sadique, A.; Ahmed, K.U.; Islam, Z.; 
Parvez, M.B.; Olsen, B. and Alam, M. 
(2011): High prevalence of antibiotic 
resistance in pathogenic Escherichia coli 
from large- and small-scale poultry farms in 
Bangladesh. Avian Dis. 2011 Dec; 55(4): 
689-92. 

Haynes, R. L. and Smith, T. W. (2003). Hatchery 
management guide for game birds and small 
poultry flock owners. A 7-page online 
publication of Mississippi State University. 
Accessed 20th June. 

Hegstad, K. Langsrud, S., Lunestad, B. T., Scheie, 
A. A., Sunde, M. and Yazdankhah, S. P. 
(2010). Does the wide use of quaternary 
ammonium compounds enhance the 
selection and spread of antimicrobial 
resistance and thus threaten our health? 
Microbial Drug Resistance, 16(2), 91-104. 

Heir E, Sundheim G, Holck AL (1995): Resistance 
to quaternary ammonium compounds in 
Staphylococcus spp. isolated from the food 
industry and nucleotide sequence of the 
resistance plasmid pST827. Journal of 
Applied Bacteriology, 79, 149–156. 

Heir E, Sundheim G, Holck AL. (1999): 
Identification and characterization of 
quaternary ammonium compound resistant 
staphylococci from the food industry. Int J 
Food Microbiol 1999; 48: 211–9. 

Jaglic, Z. Cervinkova, D. (2012): Genetic basis of 
resistance to quaternary ammonium 
compounds – the qac genes and their role: a 
review. Veterinarni Medicina, 57, 2012 (6): 
275–281. 

Kauffman. G. (1974): Kauffman White Scheme. 
Microbiol. Sci. 61: 385J. Acta. Path. 

Kirunda, H.; Muwereza, N.; Kasaija, P.D.; Kerfua, 
S.D. and Kumonyol, K. (2010): Infectious 
and non-infectious factors affecting 
hatchability in indigenous chickens in 
Eastern Uganda. Africa Journal of Animal 
and Biochemical Sciences 5 (3): 51–59. 

Kok, T., Worswich, D. and Gowans, E. (1996): 
Some serological techniques for microbial 
and viral infections. In practical Medical 
Microbiology (Collee, J., Fraser, A., 
Marmion, B. and Simmons, A., eds), 14 
Ther., Edinburgh, Churchill Livingstone, 
UK. 

Kucken D, Feucht H, Kaulfers P. (2000): 
Association of qacE and qacED1 with 
multiple resistance to antibiotics and 
antiseptics in clinical isolates of Gram-

negative bacteria. FEMS MicrobiolLett; 
183: 95–8. 

Leboff, M.J. and Pierce, B.E. (2011). A 
photographic atlas for the microbial 
laboratory (4th Ed.). Morton Publishing 
Company. 

LikouZou, JianghongMeng, Patrick F. McDermott, 
Fei Wang, Qianru Yang, Guojie Cao1, Maria 
Hoffmann and Shaohua Zhao (2014): 
Presence of disinfectant resistance genes in 
Escherichia coli isolated from retail meats in 
the USA. J AntimicrobChemother 2014; 69: 
2644–2649. 

Liu QZ, Liu MN, Wu Q, Li C, Zhou TL, Ni YX 
(2009): Sensitivities to biocides and 
distribution of biocide resistance genes in 
quaternary ammonium compound tolerant 
Staphylococcus aureus isolated in a teaching 
hospital. Scandinavian Journal of Infectious 
Diseases 41, 403–409. 

Li, X.S.; Wang, G.Q.; Du, X.D.; Cui, B.A.; Zhang, 
S.M. and Shen, J.Z. (2007): Antimicrobial 
susceptibility and molecular detection of 
chloramphenicol and florfenicol resistance 
among Escherichia coli isolates from 
diseased chickens. J. Vet. Sci. 2007 Sep; 
8(3): 243-7. 

MacFaddin, J.F. (2000). Biochemical tests for 
identification of medical bacteria (3rd Ed.). 
Baltimore, MD: LWW. 

Mamman P.H., Kazeem H.M., and Kwanashie 
C.N. (2008): Aerobic bacteria isolated from 
dead-in-shell chicken embryos in Kaduna 
state, Nigeria. Bulletin of Animal Health and 
Production in Africa, 56: 158-160. 

Montagne, L.; Pluske, J.R. and Hampson, D.J. 
(2003): A review of interactions between 
dietary fibre and the intestinal mucosa and 
their consequences on digestive health in 
young non-ruminant animals. Anim. Feed 
Sci. Technol. 103, 95–117. 

Oxoid, M., (1998): Manual of culture media, 
ingredients and other laboratory service.  

Nabin Rayamajhi,1 † ByeongYeal Jung,2 † Seung 
Bin Cha,1 Min Kyung Shin,1 Aeran Kim,3 
Min Su Kang,3 Kang Mu Lee,3 and Han 
Sang Yoo (2010): Antibiotic Resistance 
Patterns and Detection of blaDHA-1 in 
Salmonella Species Isolates from Chicken 
Farms in South Korea. Applied and 
Environmental Microbiology, July 2010, p. 
4760–4764. 

 Paulsen, I.T., Brown M.H., Sunstan SJ, Skurray 
R.A. (1995) Molecular characterization of 
the Staphylococcal multidrug resistance 
export protein QacC. J. Bacteriol 177:2827–
2833. 



Detection of Disinfectant resistant aerobic bacteria in unhatched chicken eggs 

259 
 

 Paulsen, I. T., Brown M. H., and Skurray, R. A. 
(1996). Proton- dependent multidrug efflux 
systems. Microbiol. Rev. 60:575-608. 

Quinn, J.P., Carter, M.E., Markey, B.K., Carter, 
G.R. (2002). Clinical Veterinary 
Microiology.3rd ed. Baillere, Tindall, 
London. 

 Reverdy, M. E., M. Bes, Y. Brun and J. Fleurette. 
(1993): Evolution of resistance to antibiotics 
and antiseptics of hospital Staphylococcus 
aureus strains isolated from 1980 to 
1991. Pathol. Biol. 41:897-904. 

Russell AD (2002): Antibiotic and biocide 
resistance in bacteria: introduction. J Appl. 
Microbiol 92: 1S-3S.  

Samah Eid, Soad A. Nasef and Ahmad M. Erfan 
(2015): Multidrug resistant bacterial 
pathogens in eggs collected from backyard 
chickens. Assiut Vet. Med. J. Vol. 61 No. 
144 January.  

Shalaby, N.A.  and Abd  El-Hamid,  H.S.(1987). 
Microbial agents responsible for embryonic 
mortalities in hatcheries in Gharbia 
province. Zagazig Vet. J. XV (2): 162. 

Sheldon AT (2005): Antiseptic “resistance”: real or 
perceived threat? Clin Infect Dis 40: 1650-6. 

 Sidhu, M. S., E. Heir, H. Sørum, and A. Holck. 
(2002). Genetic linkage between resistance 
to quaternary ammonium compounds and β-
lactam antibiotics in food-
related Staphylococcus spp. Microb. Drug 
Resist. Seven: 363-371. 

Thermote, L. (2006). Effective hygiene within the 
hatchery. Intl. Hatchery Practice, 20:18-21.  

Walker S.E., Sander, J.E.; Cline, J.L. and Helton, 
J.S. (2001). Characterization of  

Pseudomonas aeroginosa isolates associated with 
mortality in broiler chicks. Avian Diseases, 
46: 1045. 

Wang C, Zhan Q, Mi Z, Huang Z, Chen G (2008): 
Distribution of the antiseptic-resistance gene 
qacE delta 1 in 283 clinical isolates of Gram-
negative bacteria in China. Journal of 
Hospital Infection 69, 394–396. 

Zhao, W.H., G.L. Chen, R. Ito, S. Kimuraand Z.Q. 
H.u, (2012): Identification of a plasmid-
borne bla (IMP-11) gene in clinical isolates 
of Escherichia coli and Klebsiella 
pneumoniae. Journal of Med. Microbiology, 
61: 246-251.

 


