
Medical Journal of Babylon – 2008 Volume 5 No .3-4   مجلة بابل الطبية ٢٠٠٨– المجلد الخامس–العدد الثالث و الرابع 
 

365 

 

 

 

 

  

Abstract: 
A total of 720 clinical samples were collected from three main hospitals in Hilla city/ Babylon 
province. Samples were screened for the presence of Raoultella  spp., as well as studying their 
expression of virulence factors.  A total of 144 bacterial isolates were recovered and identified as 
Klebsiella-like organisms. Out of these, 11 isolates were identified as Raoultella ornithinolytica, which 
represent 7.6% of all Klebsiella-like organisms found. Many virulence factors expressed by  R. 
ornithinolytica were studied in vitro. All isolates produced capsule and expressed CFA/I, and CFA/III. 
Nine isolates (81.8%) were able to produce siderophores. Four isolates (36.6%) were able to produce 
bacteriocin. All  R. ornithinolytica isolates were unable to produce  extracellular protease, hemolysin, 
and histamine. All isolates of R. ornithinolytica were resistant to penicillin, ampicillin, gentamicin, 
chloramphenicol, rifampin, cephalothin, cephotaxime, streptomycin, amoxicillin.,but they showed high 
sensitivity to nitrofurantoin and ciprofloxacin, and all them were completely  sensitive to meropenem. 
R. ornithinolytica expressed a high degree of sensitivity to the effect of human serum when they grew 
in human serum at 37 oC for 3 hrs. The present study represented the first record of occurrence of R. 
ornithinolytica in human clinical samples in Iraq. 

 الخلاصة
محافظة بابل والكشف عن وجود بكتریا /  عینة سریریة من ثلاث مستشفیات رئیسة في مدینة الحلة٧٢٠تضمنت ھذه الدراسة جمع 

 عزلة بكتیریة وشخصت على ١٤٤تم الحصول على . الروالتیلا وكذلك دراسة قابلیة ھذه البكتریا على انتاج عوامل الضراوة المختلفة
والتي كانت  ,Raoultella ornithinolytica  عزلة عائدة للنوع١١لكلیبسللا، ومن ھذه الاخیرة تم تشخیص انھا عزلات مشابھة ل

أظھرت النتائج ان جمیع ھذه العزلات كانت لھا القابلیة على انتاج الكبسولة . من العزلات المشابھة للكلیبسللا المعزولة% ٧٫٦بنسبة 
منھا كانت منتجة للسایدروفور وان اربع عزلات منھا فقط كانت منتجة % ٨١،٨وان ) نيالنوع الاول والثا(وكذلك عوامل الضراوة 

ان عزلات" أظھرت النتائج ایضا. للبكتریوسین  R. ornithinolytica كانت غیر قادرة على انتاج انزیمات البروتییز والھیمولایسین 
 البنسلین،الامبسیلین،الاموكسلین،الجنتامایسین، الكلورامفینكول، أظھرت جمیع ھذه العزلا ت مقاومة عالیة لمضادات. وكذلك الھستامین

الریفامبین، السیفالوثین، والستربتومایسین غیر انھا اظھرت حساسیة عالیة تجاه عقاري النایتروفیورانتون والسبروفلوكساسین وان 
كما أظھرت النتائج ایضا ان عزلات. لعقار المیروبنیم% ١٠٠جمیعھا كانت حساسة   R. ornithinolytica كانت حساسة وبدرجة 

ان ھذه الدراسة تعد أول تسجیل لوجود بكتریا . مئویة° ٣٧عالیة لتاثیر المصل البشري عند تنمیتھا فیھ لمدة ثلاث ساعات بدرجة  R.                                                         
.ornithinolytica .العراق/ في مدینة الحلة في العینات السریریة البشریة  
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 Introduction:  

he genus Raoultella 
(formerly Klebsiella) is a 
member of the family 
Enterobactericeae. The data 

from the sequence analyses of the 16S 
rRNA along with previously reported 
biochemical and DNA–DNA 
hybridization data confirmed that the 
genus Klebsiella is heterogeneous and 
composed of species which form three 
clusters that also included members of 
other genera. These data support the 
division of the genus Klebsiella into 
two genera. The name Raoultella is 
proposed as a genus name for species 
of cluster II which contained Klebsiella 
ornithinolytica, Klebsiella planticola, 
and Klebsiella terrigena, organisms 
characterized by growth at 10ºC and 
utilization of L-sorbose as carbon 
source (1) 

Originally, Raoultella spp. though to 
occur solely in aquatic, botanic, and 
soil environments and has been never 
been isolated from clinical specimens 
(2,3).  The first isolation of 
R.planticola from neonates in neonatal 
wards reported by (4).Monnet and his 
colleagues (5) mentioned that 
R.planticola may found in human 
clinical specimens and represent 8% of 
clinical isolates, while, R. terrigena is 
rarely found, which represent as 0.4% 
among clinical Klebsiella strains  (6).  

 Recent studies showed that 
Raoultella isolated from clinical 
specimens has many virulence factors 
such as capsule, colonization factors 
antigens (CFA/I and CFA/III), 
production of siderophore, histamine 
and bacteriocin (7,8,9). It was also 
found that R. planticola strains were 
resistant to azteornam, nitrofurantoin, 
penicillins, and gentamicin but 
suscebtiple to piperacillin, imipenem, 
and ciprofloxacin (10, 4). 

The aims of this study are to 
investigate the occurrence of 
Raoultella spp. isolates in human 
clinical sample in Hilla city, study of 
some virulence factors contributing in 
their pathogenesity, and study the 
susceptibility of these isolates to some 
antibiotics. 

Materials and Methods: 

Sample collection: 

A total of 720 clinical samples were 
collected in the present study during 
the period from November 2006 to 
March 2007. Clinical samples were 
collected from patients admitted to the 
main three hospitals in Hilla-
city/Babylon province, (Teaching 
Hospital of Hilla, Mergan Hospital, 
Maternity and Pediatric Hospital). 
Types and numbers of clinical samples 
collected during the study were as 
follows: Urine, 503; Stool, 174; 
Blood,4; Wound10, Burn, 21; and 
Vagina, 3. 

Identification of bacterial isolates: 

 Bacterial isolates were identified 
using the traditional morphological and 
biochemical tests (11), in addition to 
the tests recommended by (1,12, 13). 

Detection of virulence factors of 
Raoultella ornithinolytica: 

A number of virulence factors of 
Raoultella ornithinolytica isolates were 
detected, which included capsule 
production, Hemolysin production, 
Extracellular protease, Siderophore 
production, and Colonization factor 
antigens (CFA/I &CFA/III). 

Siderophore production and 
Colonization factor antigens were 
detected as described by (14). 

        T 
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Extracellular protease was detected 
using M9 media supplemented with 2% 
agar and supported by 1% gelatin .The 
plates were cultivated by picking and 
patching and incubated for 24-28 hrs at 
37oC. After that, 3 ml of 5% trichloro 
acetic acid was added. The presence of 
clear zone around each colony indicates 
the positive result (15). R. 
ornithinolytica isolates were also 
examined for their ability to produce 
bacteriocin using cup assay method 
(16) against a sensitive (indicator) E. 
coli isolate (obtained from department 
of Microbiology/ College of 
Medicine/Babylon University). 

Serum bactericidal assay: 

Bacterial isolates of E. coli, 
Enterbacter spp., (obtained from 
department of Microbiology/College of 
Medicine/Babylon University) and R. 
ornithinolytica were grown in nutrient 
broth for 4-6 hrs at 37 oC, harvested, 
and  adjusted to  a density of 2 x 106 
bacterial cells/ml with physiological 
saline. Bacterial suspension 25 µl was 
mixed with 75µl of pooled normal 
human serum in sterilized test tubes. 
Viable counts of bacteria were 
determined according to (11) after 
incubation for 1, 2, and 3hrs. Each 
isolate was tested at least three times. 
Isolates were considered serum 
resistant or serum sensitive if the 
grading was the same in all 
experiments. Mixture of bacterial 
suspension and normal saline was used 
as control (17). 

Antibiotic disk susceptibility test: 

 The antimicrobial resistance 
patterns of strains to antimicrobial 
agents was determined using disk 
diffusion method as recommended by 
national committee of clinical 
laboratory standards (18) and 
interpreted according to (19). The 

following antimicrobial agents were 
obtained (from Oxoid, U.K) as standard 
reference disks as known potency for 
laboratory use. Penicillin (P) 10 IU; 
Ampicillin (AMP) 10 μg; Amoxycillin 
(AMX) 25 μg; Cephalothin (KF) 30 μg;  
Cephotaxime (CTX) 30 μg; 
Meropeneme (MEM) 10μg; 
Gentamicin (GN) 10μg;  Streptomycin 
(S) 10 μg; Rifampin (RD) 30 μg; 
Tetracycline (TE) 30 μg;  
Nitrofurantoin (F) 300 μg;  Nalidixic 
acid (NA) 30 μg; Chloramphenicol (C) 
30 μg;  Ciprofloxacin (CIP) 5μg. All 
tests were performed on plates of 
Muller-Hinton agar. 

Results and Discussion: 

Isolation and identification of 
bacterial isolates: 

A total of 144 clinical isolates were 
identified as Klebsiella-like organisms, 
out of these, 11 isolates Raoultella 
ornithinolytica were identified which 
represent (7.6%) of all Klebsiella-like 
organisms. According to our 
knowledge, through the available data, 
we think that this study represented the 
first record of the occurrence of the R. 
ornithinolytica in human clinical 
specimens in Iraq. 

This result agreed with other 
studies which found that the 
percentage of Raoultella recovered 
from clinical specimens were ranged 
between 8-9% (4,20,21) Podschun and 
his colleagues (20) reported that R 
.planticola isolated from neonates in 
intensive care unit represented 8.7% of 
131 Klebsiella isolates in Germany. In 
another research, they reported that the 
isolation of R. planticola from 
neonates in neonatal ward represented 
(9%) of all Klebsiella spp found in 
Germany (4). 
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Also the results were 
approximately compatible with 
previous results (21) since R. 
planticola represented (6%) of all 
clinical Klebsiella isolates recovered in 
Hilla-city. However, in another studies 
R. planticola represented only (1%) of 
clinical isolates in Georgia and Brazil, 
respectively (22,13). R.planticola 
isolates were not detected in this study, 
and this result was in accordance with 
that result obtained by 
Watanakunakron and Jura (23) who 
showed that R. planticola isolates were 
not appeared in any case in the area of 
study in United States.  

Results in present study also 
found that most isolates 8 (72.7%) of 
the 11 R. ornithinolytica were isolated 
from 174 rectal swab and stool 
samples and this result agreed with the 
finding obtained by (24) who found 
that the principle reservoirs of 
transmission of Klebseilla in hospital 
setting are the gastrointestinal tract of 
patient and hand of hospital personal. 
Moreover, this result in the present 
study agreed with (4) who showed that 
a high rate (68%) of Klebsiella was 
isolated from feaces. The result also 
agreed with the finding obtained by 
(25) who found that intestinal 
colonization considered as the main 
reservoir for R. planticola.  

The results also indicated that 
only 3 (27.3%) isolates of R. 
ornithinolytica were detected in 503 
urine samples, and no isolates were 
detected in blood, vagina, ear, and 
wound samples. The absence of R. 
ornithinolytica in these clinical 
samples may attribute to the few 
number of samples taken in this study. 

Detection of virulence factors: 

       Results in the present study 
showed that all R. ornithinolytica 

isolates were able to produce capsule 
but they were unable to produce 
hemolysin on blood agar, and 9 
(81.8%) of the isolates were able to 
produce siderophore (Table 1).These 
results are similar to that reported by 
(7), who found that Klebsiella 
spp.isolates have the ability to provide 
iron and produce siderophore without 
hemolysin production. According to 
the result of the present study, there is 
an association may be present between 
aerobactin synthesis and the virulence 
factor of R. orinthinolytica isolates.  

The results also revealed that all 
isolates of R. ornithinolytica were able 
to express the colonization factor 
antigens (CFA/I, and CFA/III) (Table 
1). The production of CFA/I by R. 
ornithinolytica isolates expressed by 
hemagglutination of human red blood 
cells (group A) in presence of mannose 
and this result agreed with findings 
obtained by, (26) and (27) who found 
that CFA/I cause mannose-resistant 
hemagglutination which agglutinate 
human group A erythrocytes, and 
agreed with finding obtained by (28), 
who found that Klebsiella pneumoniae 
that have CFA/I classified under " 
mannose specific" bacterial lectins.  

The expression of colonization factors 
antigens (CFA/I, and CFA/III) by R. 
ornithinolytica isolates may play an 
important role in pathogenesis and 
virulence of these bacteria which 
enhance their ability to colonize the 
intestinal and urogenital tracts. This 
result agreed with findings obtained by 
other studies which showed that 
Klebsiella, Raoultella expressed type 
(I, III) pili which mediate bacterial 
binding to mucous or epithelial cell of 
urogenital, respiratory and intestinal 
tract (7).  

The results in Table 1 also showed that 
all isolates of R. ornithinolytica were 
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unable to produce protease and these 
results fitted with fact that Klebsiella 
were unable to produce extracellular 
protease (gelatinase). The extracellular 
enzymes of bacteria like protease, 
lipases, and nuclease are not shown to 
have a direct role in invasion or 
pathogenesis, but these enzymes 
presumably may associate in bacterial 
nutrition or metabolism (29). 

Detection of Bacteriocin production: 

The ability of R. ornithinolytica 
isolates to produce bacteriocin was 
also tested. Results showed that 4 
(36.4%) of R. ornithinolytica isolates 
were able to produce bacteriocin 
(Table 1). The production of 
bacteriocin by Klebsiella and 
Raoultella planticola strains was 
recorded by several authors  (30, 31). 

In this study, all bacteriocin-producing 
isolates were isolated from urine and 
stool samples and this finding assumed 
the bacteriocin may be a virulence 
factor of Raoultella pathogencity. 
Morever, It was found that the 
cytolysin of Enterococus faecalis 
posses both hemolysin and bacteriocin 
which may  increase the persistence of 
these bacteria in blood stream and their 
resistance to serum,  indicating that the 
bacteriocin is essential for virulence 
and pathogencity of Enterococcus in 
septicemia (32).  On other hand, 
Viddotto and his co-workers (33) 
found that the bacteriocin activity of E. 
coli isolates is not essential for 
virulence and pathogencity of 
producing isolates but it aids them in 
their competition.  

Antibiotic resistance of Raoultella 
ornithinolytica: 

All isolates of Raoultella 
ornithinolytica (100%) were found to 
be  resistant to penicillin,ampicillin , 

gentamycin, chloromphincol, rifampin, 
cephalothin, cefotaxime, lincomycin, 
streptomycin, amoxicillin, 
calthromycin, azithromycin, and 
(90.9%) resistant to tetracycline, 
(63.6%) were resistant to naldixic acid 
(Figure 1). This result agreed with 
other studies (10,34), which found that 
all strains of Klebsiella spp are 
resistant to ampicillin, pencillin and 
amoxicillin. The Results also showed 
that all isolates were resistant to 
cefotaxime and cephalothin (Figure 
1).The result in the present study is 
compatible with other researchers who 
found that chromosomally encoded 
resistance to first and second 
generation cephalosporins in strains of 
Klebsiella has been emerged in many 
hospitals (10). Result also showed that 
all Raoultella ornithinolytica were 
resistant to gentamycin and 
streptomycin (Figure 1),  and this  
result  agreed  with  findings   obtained  
by  several  studies which  showed  
that strains  of   Klebsiella have  a 
highest level of resistant to gentamycin 
and other aminoglycoside antibiotics 
(35). The results also showed that 
(90.9%) of Raoultella ornithinolytica 
isolates were resistant to tetracycline 
and (63.6%) of them were resistant to 
naldixic acid. 

Depending on the results of antibiotics 
sensitivity observed in this study, 
Raoultella ornithinolytica may be 
regarded as multi-drug resistant by 
expressing resistance to more than 14 
antibiotics and this result may be 
compatible with findings obtained by 
(36,21) who showed that Klebsiella, 
Raoultella planticola isolates 
expressed multi-drug resistance to 
several antibiotics.  

Serum resistance of Raoultella 
ornithinolytica: 
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  The effect of human serum on the 
growth of E. coli, Enterobacter spp. 
and R. ornithinolytica was detected.  
Figure (2-a) shows the effect of human 
serum on the growth of E. coli, 
Enterobacter spp and R. 
ornithinolytica after one hr. of 
incubation on nutrient agar. R. 
ornithinolytica was the most sensitive 
to the effect of serum, when compared 
to the other bacterial types, on the 
same manner, E. coli was less effected 
by serum. On the other  hand  the  
result  in  figure (2-b)  showed the high 
effect of serum on the growth of all 
bacterial isolates after 2 hr, of 
incubation. After 3 hr, of incubation R. 
ornithinolytica, was the most sensitive 
bacterial isolate when compared to the 
other isolates (Figure 2-c). 

The results in figure (2 a, b, c) 
Statistically by using χ2 test showed 
that there was a strong relationship 
between the bacterial types and serum 
resistance (P< 0.01) .    Results also 
showed that the serum resistance 
profile of E. coli and Enterobacter spp. 
after first hour of incubation tends to 
be similar to that of after third hour of 
incubation. After two hours of 
incubation , both these bacterial 
isolates were sensitive to the serum by 
comparing to the relative rate of 
growth in control, this may be due to 
the fact that serum components may 
need to time to exhibit their effect on 
bacterial growth which was clearly 
observed after 2 hrs., but after 3 hrs. 
bacterial isolates may develop a 
mechanism of induced resistance that 
makes bacterial isolates able to exhibit 
a degree of serum-tolerance. R. 
ornithinolytica exhibited a high degree 
of serum sensitivity when compared 
with the growth rate in control. The 
serum-sensitive profile of R.. 
ornithinolytica may explain that this 
bacteria did not isolate from samples, 

in this study. This sensitivity may limit 
the pathogenic properties of R. 
ornithinolytica  in normal subjects 
(immunocomptence), at the same time 
the pathogenic capacity increases in 
immunocompromized  patient as well 
as in age extremes.   

   Most strain of gram-negative 
bacteria are sensitive to the bactericidal 
effect of human serum, whereas, 
pathogenic strains often exhibit serum 
resistance properties (37). The main 
role of the serum bactericidal systems 
is thought to prevent microorganisms 
to invading and persisting in the blood. 
Even differences in the degree of 
bacterial serum susceptibility may 
determine whether a strain is able to 
infect as well as the length of time it 
takes the organisms to establish the 
infection (38). 
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Table (1): Virulence factors of  Raoultella ornithinolytica isolates 

 

 

 

 

 

 

 

 

Colonization 

factor antigen 

Isolate 

designations 

Clinical 

sample 

Capsul

e 

Sidero

phore  

Hemol

ysin  

CFA/I CFA/III 

Bacteriocin 

Dimeter in 
mm 

R.ornithinolytica398 urine + + - + + - +(34 ) 

R.ornithinolytica487 urine + + - + + - - 

R.ornithinolytica104 urine + + - + + - +(12) 

R.ornithinolytica26 stool + + - + + - +(34) 

R.ornithinolytica13 Extracellul

ar 

protease  

+ + - + + - - 

R.ornithinolytica27 stool + + - + + - - 

R.ornithinolytica32 stool + + - + + - +(12) 

R.ornithinolytica70 stool + - - + + - - 

R.ornithinolytica99 stool + + - + + - + 

R.ornithinolytica16

3 

stool + - - + + - - 

R.ornithinolytica45 stool + + - + + - - 
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Figure (1): Resistance of 11 R. ornithinolytica isolates to 14 an bio cs. 

P: Penicillin, AMP: Ampicillin, AMX: Amoxycillin, KF: Cephalothin, CTX: Cephotaxime, MEM: Meropeneme, GN: 
Gentamicin, S: Streptomycin, RD: Rifampin, TE:Tetracycline,  
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b- Anti-serum activity for  E.coli , Enterobacter spp and R.ornithinolytica 
a er 2 hour of incuba on. 
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Figure(3-2-c): Anti -serum activity for Ecoli, Enterobacter spp 
and R.ornithinolytica after  3 hour of incubation.
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a- Anti- serum activity for  E.coli , Enterobacter spp and R.ornithinolytica after1 hr of
incubation.       
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