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Abstract 

Bacteria of the genus Klebsiella are important opportunistic pathogens responsible for infections that 

are increasingly resistant to antimicrobial agents. A total of 120 chicks (3-40 days old) were exam-

ined bacteriologicaly and biochemicaly and results showed that, 34 were positive for Klebsiella in-

fection. 18 out of 34 were K. pnemonia and the rest 16 were K. oxytoca with a percentage of 52.95% 

and 47.05% respectively. Discrimination of K. oxytoca from other species of the genus Klebsiella 

was done by using specific PCR assay targeting the polygalacturonase pehX gene. Ten representing 

isolates were confirmed by PCR amplification of the polygalacturonase pehX gene using the primers 

pair to identify K. oxytoca from other klebsiella species. The obtained PCR amplicon was 344 bp 

indicating that it belongs to K. oxytoca with an isolation rate of 40% (4/10). The experimental infec-

tion was made on 50 birds aging 3 days classified into three groups: the first group was infected by 

K. oxytoca through subcutaneous route (S/C) and the second group was infected orally while the last 

group was used as a control group. The three groups were observed for 15 days. The S/C route was 

highly effective with mortality rate 40%, while oral route caused 20% mortality. The antibiotic sen-

sitivity test for all of 18 K. pneumonia revealed that, it was highly sensitive to norofloxacin, linco-

mycin/spectinomycin, sensitive to flumequine, sulphamethaxazole/trimethoprim, and less sensitive 

for spiromycin, gentamycin, neomycin and streptomycin. However, K. oxytoca was highly sensitive 

to norofloxacin, gentamycin, sensitive for sulphamethaxazole/trimethoprim, less sensitive for spiro-

mycin, neomycin and streptomycin, but it was resistant for lincomycin/spectinomycin and 

flumequine.  
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Introduction 

The genus Klebsiella belongs to the tribe 

Klebsiellae, a member of the family Entero-

bacteriaceae. The organism is named after Ed-

win Klebs, a 19th century German microbiolo-

gist (Trivesan, 1885). The genus Klebsiella 

was originally divided into 3 main species 

based on biochemical reactions. Nowadays, 7 

species with demonstrated similarities in DNA 

homology are known. These are (1) K. pneu-

moniae, (2) K. ozaenae, (3) K rhinoscleroma-

tis, (4) K. oxytoca, (5) K. planticola, (6) K. ter-

rigena, and (7) K. ornithinolytica. K. pneu-

moniae is the most medically important species 

of the group. However K. oxytoca and K. rhi-

noscleromatis have also been demonstrated in 

human clinical specimens. In recent years, 

Klebsiellae have become important pathogens 

in nosocomial infections (Nordmann et al., 

2009).  

Klebsiellae are non-motile, rod-shaped, gram-

negative bacteria with a prominent polysaccha-

ride capsule (Brooks et al., 2004). This 

capsule encases the entire cell surface, ac-

counts for the large appearance of the organism 

on gram stain, and provides resistance against 

many host defense mechanisms. Klebsiella is 

among the five gram-negative pathogens most 

commonly encountered in hospital-acquired 

infections (Horan et al., 1988). K. pneumonia 
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is the most frequently occurring species, ac-

counting for 75 to 86% of klebsiella species 

reported (De La Torre et al., 1985; Hansen et 

al., 1998; Watanakunakorn and Jura, 1991). 

K oxytoca is the other well-established species, 

accounting for 13 to 25% of isolates (De La 

Torre et al., 1985; Hansen et al., 1998; 

Watanakunakorn and Jura, 1991). 

Klebsiellae are considered as an important 

cause of nosocomial infections. The two clini-

cally relevant species, K. pneumoniae and K. 

oxytoca, are differentiated by the ability to pro-

duce indole from tryptophan, K. oxytoca being 

indole positive (Maslow et al., 1993; Hausler 

and Sussman 1998; Nordmann et al., 2009). 

Brisse and van Duijkeren (2005) Resistance 

in Klebsiella isolates was common against am-

picillin (99%) but not against tetracycline, en-

erofloxacin, gentamycin and trimethoprim-

sulfamethoxazole.  

DNA-based techniques, which are rapid, spe-

cific and highly sensitive, are efficiently em-

ployed for early detection and differentiation 

of various strains of different microrganisms 

from single/different outbreaks (Blackall and 

Miflin, 2000; Biswas et al., 2002). The dis-

crimination of K. oxytoca from the other spe-

cies of the genus Klebsiella, is based on the 

PCR amplification of the polygalacturonase 

(pehX) gene. A PCR amplicon of 344 bp was 

obtained in all tested K. oxytoca strains 

(Kovtunovych et al., 2003). 

 

Aim of the work:  
1- Investigation of clinical signs and PM le-

sions caused by Klebsiella infections. 

2- Identification of K oxytoca by using PCR 

amplification of the polygalacturonase 

(pehX) gene. 

3- Study the sensitivity of the microorganism 

to antimicrobial agents using antibiotic sen-

sitivity test. 

 

Materials and methods 

Samples collection: 

Samples from internal organs of one hundred 

and twenty diseased broiler chickens (suffering 

from diarrhea and septicemic picture) were 

collected from farms in different localities in 

Assiut province. Birds were necropsied at De-

partment of Poultry Diseases, Faculty of Vet. 

Med., Assiut University and Assiut Provincial 

Laboratory. Samples included liver, spleen, 

kidney, heart, blood, unabsorbed yolk sac, tra-

cheal exudate, lungs, bloody exudate of subcu-

taneous tissue in the head region. Clinical signs 

and post mortem examination of all selected 

birds were recorded and subjected to bacterio-

logical examination.  

Culture procedure: 
Samples were aseptically cultured into nutrient 

broth or lactose broth for 18-24 hours at 37°C. 

Subsequently, a loopfull of each broth was 

streaked on surface of MacConky´s agar plates, 

eosin methylene blue agar plates and methyl 

violet lactose agar for 24-48 hours at 37°C 

(Campbell and Roth, 1975). 

Biochemical tests: 

Klebsilla typical colonies on the plates were 

picked up and subjected to further examination 

based on colonial morphology, sugar fermenta-

tion and other biochemical tests according to 

(Cruickshank et al., 1975; Wilson and Miles, 

1984).  

DNA Extraction from culture cell: 
DNA extraction was made in moleculer biolo-

gy Research Unit by using diagram DNA ex-

traction kit (USA). Klebsiella-typical colonies 

on the plates were confirmed with standard bi-

ochemical tests and procedures for Klebsiella 

spp. (Campbell and Roth, 1975). Lactose 

broth inoculated with Klebsiella-typical colo-

nies for 18-24 hours at 37°C (Difco) with the 

addition of 20% (v/v) glycerol. Presumptive 

Klebsiella colonies were kept at -70°C. An ali-

quot of this storage solution was taken and in-

cubated in 5 ml phosphate-buffered peptone 

water for 24 h at 37°C prior to PCR for further 

confirmation. Primer sequences; PEH-C (5_-

GATACGGAGTATGCCTTTACGGTG-3_) 

and PEH-D (5_-TAGCCTTTATCAAGCGG-

ATACTGG-3_) are used for identification of K 

oxytoca (Kovtunovych et al., 2003). PCR am-

plifications were performed in a final volume 

of 2.5 μl, containing 4 μl of template DNA, 6.5 

µl Enzyme (DNA polymerase, Tag) dNTPs (A, 
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T, G, C) Buffer (50 mMKCL; 10mM Tris-

HCL; 1.5 mM MGCL2), 2x PCR Master Mix 

0.5µl F and 0.5µl R Primers (forward and re-

verse) 1 µl Water DNAase free water 12.5 µl 

total reaction volume. The samples were sub-

jected to an initial denaturation step of 3 min at 

95 ◦C, followed by 40 amplification cycles (94 

◦C, 30 s; 59 ◦C, 30 s; 72◦C, 30 s) and a final 

elongation step of 10 min at 72 ◦C. PCR prod-

ucts were analyzed by electrophoresis in 1.2% 

agarose gels, stained with ethidium bromide 

and visualized under ultraviolet light. 

Experimental birds: 

Fifty, 3 day old chicks obtained from baby 

chicks production farm in Assiut were used for 

pathogenicity test. The experimental infection 

was made on 50 birds classified into three 

groups: the first group was infected by K. oxy-

toca through (S/C) route and the second group 

was infected orally while the last group was 

kept as control. All groups were under obser-

vation for 15 days, after that, mortality rate, 

clinical symptoms and PM lesions were rec-

orded. 

Antibiotic sensitivity test: 

Klebsiella typical colonies on the plates were 

cultured into lactose broth over night at 37°C 

and cultured fluently over the entire surface of 

nutrient agar (Difco) with sterile cotton swab. 

Commercial antibiotic disks containing single 

concentrations of each antibiotic were then 

placed onto the inoculated plate surface. The 

zone of growth inhibition around each disk af-

ter overnight incubation at 37°C, was meas-

ured in millimeters. The zone diameter was 

interpreted using a zone size interpretation 

chart. The used antibiotics included norofloxa-

cin (10 mcg), lincomycin/spectinomycin (9/ 

100mcg), flumequine (30ug), sulphamethaxa-

zole / trimethoprim (25ug), spiromycin (100 

mcg), gentamycin (10mcg), neomycin (30mg) 

and streptomycin (10mcg).  

 

Results 

Isolation of Klebsilla from the examined 

samples: 

Samples were collected from a total of 120 

birds obtained from Assiut governorate. They 

included dead chicks, broilers, and diseased 

adult birds. Samples were collected from liver, 

lung, spleen, heart, and yolk as well as cloacal 

swabs from diseased birds. These samples 

were examined for the presence of Klebsiella 

isolates. Isolation trials of Klebsilla from col-

lected samples yielded overall isolation rate 

(34/120). Using biochemical reactions, 18/34 

belonged to K. pnemonia while the rest 16 be-

longed to K. oxytoca with a percentage of 

52.95% and 47.05% respectively. 

Experimental infection: 

Clinical symptoms were in the form of depres-

sion, weakness, coma, ataxia and congestion of 

the head region and abdomen, some bird 

showed signs of lameness. PM lesions of dead 

birds revealed a typical septicaemic picture  as 

shown in Fig (1). High mortality rate (40%) 

was encountered in s/c infected birds, while 

mortality rate was low (20%) in orally infected 

birds (Table 1). 

Table (1). Results of experimental infection of chicks with Klebsiella isolates. 

No. of 

infected 

chicks 

Route of 

inoculation 

Inoculated 

Dose 

Daily death post-infection Total no 

of death 

Mortality 

rate 

1 2 3 4 5 6 7 8 9 … 15 

20 S/C 107
 - - 3 2 1 1 - 1 - - - 8 40% 

20 Oral 109
 - - - 1 1 1 1 - - - - 4 20% 

10 Control 0 - - - - - - - - - - - - 0% 
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Specificity of the polymerase chain reaction: 

Ten representing isolates were confirmed by 

PCR amplification of the polygalacturonase 

(pehX) gene using the two primers pair. The 

isolation rate of K. oxytoca was (4/10) with a 

percentage of 40%. A PCR amplicon of 344 bp 

was obtained in all K. oxytoca (Fig. 2). 

Sensitivity test: 

Fourteen K. Oxytoca and eight K. pneumonia 

were examined to determine their sensitivity to 

different chemotherapeutic agents using paper 

disc technique (Kolmer et al., 1951). K. pneu-

monia was highly susceptible to norofloxacin 

(10 mcg), lincomycin/spectinomycin (9/100 

mcg), sensitive to flumequine (30 ug), sulpha-

methaxazole/trimethoprim (25 ug), and less 

sensitive for spiromycin (100 mcg), gentamy-

cin (10 mcg), neomycin (30 mg) and strepto-

mycin (10 mcg). While K. oxytoca was highly 

sensitive to norofloxacin (10mcg), gentamycin 

(10mcg), sensitive for sulphamethaxazole/

trimethoprim (25ug), less sensitive for spiro-

mycin (100mcg), neomycin (30mg) and strep-

tomycin (10mcg), but it was resistant for linco-

mycin/spectinomycin (9/100mcg) and 

flumequine (30ug) (table 2). Results were rec-

orded according to the measures of Yousseff 

(1976). 

Table 2: Results of sensitivity test of Klebsiella species to various antibiotics. 

Antibiotics Sensitivity of 

 K. Oxytoca 

Sensitivity of 

K. pneumonia 

 Norofloxacin (10mcg) ++++ ve +++ve 

Lincomycin/Spectinomycin 

(9/100mcg) 

+++ ve -ve 

Flumequine (30ug) ++ve -ve 

Sulphamethaxazole /

Trimethoprim (25ug) 

++ve ++ve 

Spiromycin (100mcg) +ve +ve 

Gentamycin(10mcg) +ve +++ve 

Neomycin (30mg) +ve +ve 

Streptomycin (10mcg) +ve +ve 

++++ve =Highly sensitive                               ++ve= Moderate sensitive 

+ve= Low sensitive                                          -ve = Resistant 
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A B C 

Fig (1). Congested lung (A), liver (B) and oedema in the leg (C) of chicks experimentally infected 

with Klebsiella species. 

Figure (2). Results of PCR amplifications of the (pehX) gene.  

M1: 100kb plus ladder marker. Lanes 4, 5, 6, 7 are K. oxytoca (possessing a 344bp). 



6 

1st Conf. of An. Health Res. Inst. Assoc., December 2012.                                               Fatma and Mohamed 

Discussion 

The present study revealed that the morpholog-

ical appearance and biochemical reaction are 

typical to Klebsiella species as stated by 

Horan et al. 1988; Holt and Bergey (1994) 

and Brooks et al. 2004). K. pneumonia is the 

most frequently occurring species, accounting 

for 75 to 86% of reported klebsiella species 

(De La Torre et al., 1985; Watanakunakorn 

and Jura 1991 and Hansen et al., 1998). The 

two clinically relevant species, K. pneumoniae 

and K. oxytoca, are differentiated by the ability 

to produce indole from tryptophan, K. oxytoca 

being indole positive (Maslow et al., 1993; 

Hausler and Sussman 1998 and Nordmann 

et al., 2009). 

The genus Klebsiella is an opportunistic patho-

gen difficult to identify and is often misclassi-

fied in clinical microbiology laboratories 

(Monnet and Freny 1994; Hansen et al., 

2004 and Alves et al., 2006). In present study 

clinical symptoms of diseased birds and PM 

lesions agree with findings of Abd-El-Gwad 

and Mohamed (2004), who isolated and iden-

tified K pneumonia from broiler chicken in As-

siut governorate, Egypt. The clinical signs of 

the infected broiler chickens were severe 

weakness, depression and growth retardation. 

PM lesions were severe congestion of the par-

enchymatous organs and oedema of the subcu-

taneous tissue in the head region and abdomen. 

Current biochemical methods of identification 

are time consuming and are often inconclusive 

because K pneumonia and K oxytoca or even 

Enterobacter aerogenes, often present similar 

biochemical patterns (Lopes et al., 2007). 

The specific PCR test used in the present study 

is useful in clinical microbiology laboratories 

and for ecological monitoring of K oxytoca as 

it is a rapid and simple method for detection of 

K oxytoca. PCR amplicon of 344bp was ob-

tained in all K oxytoca strains tested in this 

study. Ten representing isolates were con-

firmed by PCR amplification of the polygalac-

turonase (pehX) gene, these results agree with 

findings of Brisse and verhoef (2001); Kov-

tunovych et al. (2003) and Chander et al. 

(2011) who found that PCR amplicons of 344 

bp were absent in Klebsiella species other than 

K. oxytoca. 

The antibiotic sensitivity test of the isolated 

Klebsiellae revealed that K. pneumonia species 

was highly susceptible to norofloxacin (10 

mcg), lincomycin/spectinomycin (9/100 mcg), 

sensitive to flumequine (30 ug), sulphamethax-

azole / trimethoprim (25 ug), and less sensitive 

for spiromycin (100 mcg), gentamycin (10 

mcg), neomycin (30 mg) and streptomycin (10 

mcg). While for K. oxytoca was highly sensi-

tive to norofloxacin (10 mcg), gentamycin (10 

mcg), sensitive for sulphamethaxazole / trime-

thoprim (25 ug), low sensitive for spiromycin 

(100 mcg), neomycin (30 mg) and streptomy-

cin (10 mcg) and resistant for lincomycin/

spectinomycin (9/100 mcg) and flumequine 

(30ug). These results are concomitant with 

those of Niazi (1976); Ashgan (1988); Abd El

-Motelib and El-Zanaty (1993); Ayan et al. 

(2003); Abd-El-Hafez (2011) and Fielding et 

al. (2012). 

The experimentally infected birds by K. oxyto-

ca induced high mortality in S/C infection 

(40%) and low (20%) in oral infection.  This is 

consistent with Picoff (1966) and Abd-El-

Hafez (2011) and partly consistent with those 

of Abd-El Gawad and Mohamed (2004), but 

disagree with the result reported by Abd El- 

Motelib and El-Zanaty (1993) who proved 

the pathogenic nature of K pneumoniae isolates 

that produced mortality rate of 2%. 

In conclusion, the specific PCR test used in the 

present study should be applied in clinical mi-

crobiology laboratories and for ecological 

monitoring of Klebsiellae as it is a rapid, sim-

ple accurate method for diagnosis of infections 

caused by this organism. 

Abd-El-Gwad and Mohamed (2004) con-

ducted a study to isolate and identify K. pneu-

monia from broiler chicken from Assiut gover-

norate, Egypt. A total of 75 freshly slaughtered 

broiler chickens (3-40 days old) were collected 

from different farms. The clinical signs of the 

infected broiler chickens were severe weak-

ness, depression and growth retardation. PM 

lesions were severe congestion of the parench-

matous organs and oedema of the subcutane-
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ous tissue in the head region and abdomen. 
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الكشف والتعرف علي هعزولات الكليبسيلا في الدجاج في هحافظه أسيوط بإستخدام تفاعل أنزين البلورة 

 الوتسلسل

 فاطوه هختار هحود و هؤهن عبد العظين هحود

 معهد بحىخ صحة الحيىان –معمل بيطسي اظيىط 

 
 الولخص العربي

جعحبس البكحسيب مه شىط الكلبعيلا مه المعبببت المسضية المعئىلة عه عدوي مقبومةة ببظةحمساز للمةاب ات الحيىيةةت اظةحيد   ة  

مةه هةري  34يةى  والةح  جةح  حةبهب ببظةحيدا  ااحبةبزات بكحسيىلىشيةة وبيىكيميب يةة ت  41-3كحكىت مةه عمةس  021هري الدزاظة 

مةه وةى  كلبةعيلا سوكةع  جىكةب بىةعبة  06مىهح مه وةى  كلبةعيلا ويىمىويةب و  08الطيىز كبوث ايصببية لعدوي الكلبعيلا حيد كبن 

% عل  الحىال ت اضب ة ال  ذلك جح اظحيدا  طسيقة ابصة لحمييص الكلبعيلا سوكع  جىكب مه ببق  الأوىا  15ت47%، 95ت52مئىية 

 01الأاةةسي مةةه الكلبةةعيلا ببظةةحيدا  ساحبةةبز البلمةةسل المحعلةةعل للكةةتو عةةه البىلةة  شلاكحىيىزوةةيص بهكةةط شيةةه ت حيةةد سظةةحيد  

هةرا وقةد سرهةس الأاحبةبز وشةى  بة  وز مه البب  ةبتت شمعصولات ممرليه للمعصولات الميحلفة    الكتو عه هرا الصيه ببظحيدا  

حةبلات مةه المعةصولات العةتسل بىةعبة  4شوز مه القىاعد والري ييص الكلبةعيلا سوكةع  جىكةب  ة   344ظ  سز سمبليكىن بىشن 

مصمىعلث حقىث الأول  جحث  3طب س عمس ذلاذة سيب  قعمث ال   51%ت سضب ة ال  ذلك  قد جح عمل عدوي جصسيبية عل  عد  41

الصلد والربوية جح عمل عدوي لهب عه طسيق الفح والربلرة جسكث كمصمىعة ضةببطة وجةح جةعصيل وةعبة الى يةبت للمصمىعةبت الرلاذةة 

% للطيةىز المعديةة 21% للطيىز المعدية عه طسيةق الحقةه جحةث الصلةد و 41يى  وقد سظفست الدزاظة عه وعبة و يبت  05لمدل 

عه طسيق الفحت جح اشساء ااحببز مدي حعبظية المعصولات للماب ات الحيىية وسرهست الىحب س سن ميكةسوة الكلبةعيلا وىمىويةب ذو 

حعبظية عبلية لكل مه الىىزو لىكعبظيه واللىكىمبيعيه/ ظبيكحىمبيعيه وحعبظة للفلىمىكةىيه والةعلفبميربشوت/جسايميرىبسيح وسقةل 

حعبظية للعيبسوميعيه والصيىحبميعيه والىيىمحعيه والعحسبحىميعيه بيىمةب كةبن ميكةسوة الكلبةعيلا سوكةع  جىكةب ذو حةعبية عبليةة 

للىىزو لىكعبظيه والصيىحبميعيه وحعبض للعلفبميربشوت/جسايميرىبسيح وسقل حعبظية للعيبسوميةعيه والىيىمحةعيه والعحسبحىميةعيه 

 بيىمب كبن مقبو  لللىكىمبيعيه/ ظبيكحىمبيعيه و للفلىمىكىيهت


