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Abstract

Eleven isolates of Citrobacter. freundii were isolated from100 stool and urine specimens
taken from diarrhea and recurrent —urinary tract infections (UTI) patients attended to AL-
Sadar Hospital. specimens were cultured on specific media, then bacterial isolates were
identified depending on morphological, biochemical and VITK-2. The results showed that the
C. freundii comprise 11/ 78 (14.1 %) of total of positive bacterial growth on macConky agar
from which 10.2 % isolated from patients suffering from diarrhea and 3.8 % isolated from
UTIs . The results of determine efficient isolate in exopolysaccharide(EXP ) production
revealed that C. freundii were isolated from recurrent -UTIl was more mucoidy colonies and
appeared highly biofilm formation with absorbancy 0.890 . The results of LD50 observed
that a live suspension of C. freundii was 1x10” ,while HK E,coli was 2.3x10® finally EXP
was 390 mg/ml .The immunomodulatory activity appear that EXP relaease moderate levels
of proinflammatory biomarker ( IL-6 , TNF-a and 1L-12) that enable immune system to clear
pathogen . While HK E.coli and whole bacteria release higher proinflammatory biomarker
especially during post-dose that lead to increased the hypersensitivity and hyperresponses of
immune system. In other hand EXP stimulate release moderate concentration of anti-
inflammatory biomarker 1L-10 and higher eleveated during post dose but HK E.coli and
whole bacteria higher concentration during primary dose while in post dose lower than EXP
vaccine. A significant immunogenicity and effective protection was observed in immunized
groups with EXP challenged with 100 of LD50 of a live C. freundii compared with control
group of mice which died within first days .
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INTRODUCTION

Citrobacter freundii is a gram-negative motile facultative anaerobic bacteria belonging to
genus Citrobacter a members of the Enterobacteriaceae family. widely spread in
environment such as water, soil and food, usually regarded as commensal species in
intestinal tracts of animals and humans(1) . C. freundii were previously considered non-
pathogenic colonizers but known to be opportunistic pathogens, they can cause serious
infections of respiratory tract , urinary tract and blood stream, endocardium, meninges
especially in high-risk groups such as infants and immunocompromised adults (2,3,4 ) .
Associated with well-documented nosocomial outbreaks (5,6)

Increase the prevelance of C. freundii in nosocomial and community acquired infections as
well as emerging of multidrug-resistant (MDR) strains increase attention on Citrobacter
(7). So to avoid failure to prevent recurrent infections and allergic reaction to certain
antibiotics lead to seeking about a new therapeutics as alternative therapy to controlling
on infection caused by C. freundii which has become a high priority of drug development
research.

Vaccination by antigenic materials extracted from pathogenic bacteria that stimulated
immunity for prevention diseases caused by pathogens are one of the most promising
approaches against infections (8). The activity of cell free culture extracted from C. freundii
in induce both systemic immunity and humeral immunity was confirmed by (4) . Other study
demonstrated the ability of Vi-polysaccharide extracted from C. freundii as a new vaccine to
protect mice against challenge with Vi- positive salmonella enterica serovar Typhimurium
(9). Different vaccines have been developed using Enterotoxigenic E.coli strains ,th
vaccines. may. consist of bacterin (10) or purified fimbriae (11) as therapeutic stra
against s&lBke htlinrfifeawvAisokimucoid polysaccharide vaccine preparedxfrom P.aer
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to treatment chronic pulmonary infection ,this material characterized as active
immunomodulater materials, safe and non-toxic (12)

Microbial polysaccharides represent essential components that transformed planktonic
(free-living ) bacteria to biofilm ( aggregate) form by adherence bacteria to host cells and
subsequently facilitate pathogen persistence (13 ) . Biofilm is a complex structure made of
aggregates of microbial cells within a matrix of extracellular polymeric substances ( EPS)
which provides the biofilm with mechanical stability through viscoelastic properties and
polysaccharides form the backbone of EPS where other components like proteins, nucleic
acids and lipids can be included ( 14) . Polysaccharides play role as immunomodulatory
activity through moderate improve in both cellular and humoral immune responses (15 ).
.S0 , the study aimed to evaluate the immunomodulater activity of exopolysaccharide (EXP)
extracted from C. freundii to prevent infection and protect the infected host from
hyperimmune response that lead to destruction of infected tissue.

MATERIALS AND METHODS
Bacterial Characterization

A total of 100 stool and urine specimens (50 for each) were collected under aseptic
condition from patients attending to Al-Sadar Medical City in AL_Najaf provinace were
inoculated on MacConkey agar and XLD agar (Oxoid Cambridge, UK) and incubated at 37
C° for 24 h. The morphological characteristics of the colonies including size, shape, colour,
were recorded , the suspected Citrobacter were relevant by biochemical test (16) , finally
confirmed by using Vitek-2 Compact(Bio Mérieux,France,). E.coli obtained  from
microbiology laboratory college of science , Kufa university and reidentifecation by Vitek-2
system to use in heat killed vaccine preparation.

2- Detection efficient isolate in EXP production

The efficient isolate was selected based on ability to form biofilm which tested by tissue
culture method TCP ( 17). As well as the mucoidal morphology that regard as fundamental
screening for isolated EPS producing bacteria ( 12) .

3- extraction of exopolysacharide ( EPS)

According to (13) the chosen isolate incubated at 37 C° overnight in Brain heart infusion
(BHI) broth, then utilized to inoculate a fresh broth culture (1:100 v=v), that incubated in
shaking incubater at 37 C° for 72 h. Then , centrifuged at 5000 rpm at 4 C° for 20 min. After
that , each 10 ml of pellet were mixed with 60 ml of formaldehyde (36.5% solution) to
prevent cell lysis during extraction process . The mixture was incubated at room temperature
in a rotary shaking incubater (100 rpm) for 1 h. 50 mg of Trichloroacetic acid (20 % w: V)
was added for each 1000 ml of suspension to precipitate protiens and nucleic acid , then
incubated at room temperature, with shaking, for 3 h to extract EXP vaccine. Cell suspensions
centrifuged at 16,000 xg for 20 min at 4 C°. The supernatant containing soluble EXP vaccine
was precipitated with 3 volumes of cold ethanol to precipitate lipids , the mixature was
centerfuged 16,000 xg for 20 min at 4 C° and the pellet suspended in water . filtered through a
0.2 mm filter (Corning) and dialyzed against distilled water using a 12-14 kDa molecular
weight cut-off (MWCQO) membrane for 24 h at 4 C°. Quantification of total carbohydrate
levels was performed according to (18) using a phenol-sulfuric acid method in microplate
format.

E.coli was cultured at 37 for 24 h after that , centrifugation in 3000 rpm for 15 min , then
washed 3 times in phosphate —buffered salin (PBS) and adjusted to concentration 1x 108,
finally killed by heating in water bath at 80 C° for 1 h (19).

Sterility was determinated by culturing of both vaccines on blood and nutrient agar , while
to detect safety by injected 3 rats with 1 ml of each vaccine for 1 week and monitoring
clinical feature in rats finally the toxicity of EXP was detected according to (20)
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Determine of Median lethal dose 50%( LDsp ) for C. freundii suspension
The viable count of C. freundii was done by bacterial plate count method in six fold dilution
(1075-107%%) according to (21). LDso were determined by using 30 albino rats each (20-25) g,
which divided to six groups each group has five rats. Each group injected intraperitoneally
(i.p.) with one of each bacterial suspension concentration (10°10°,10°, 108, 10° and 10%°)
cfu /ml. In addition to five mice injected with 1ml of PBS as negative control. After 5 days
LDso was determined according to (22). The same methods were used to estimation LDsg for
HK E.coli . The equation for calculate LDso

Proportion distance = 50 — mortality below 50% / mortality above 50% - mortality
below 50%

Determine of LDso for EXP extract
The LDso of EXP was determined according to (23) . EXP was calculated using karber
method depended on this equation .
LDso = Least lethal dose — (X a*b/n)
A : dose difference between groups, b : mean of dead rats between 2 groups
Immunological program

The experiments were designed to assess the immunological efficiency of EXP , HK
E.coli and C. freundii suspension in albino rats, This occur through evaluate the humeral and
cellular immune response, evaluation were carried out through the following desigen :
Forty healthy albino rats aged 16 to 18 weeks were divided equally into four groups then
immunized i.p. with 1 ml from appropriate vaccine . The first group was immunized with 1/10
LDso of EXP vaccine twice at two weeks intervals with a dose containing 39 mg/ml. The
second group was immunized with 0.1 LDso of HK  E. coli antigen at the same time, Third
group was injected with C. freundii suspension at 0.1 LD50 concentration finally , fourth
control group was injected with 1 ml of PBS. Blood were collected after 2" week of first
and post dose . Sera were separated and stored at -20 °C until use for analysis by enzyme-
linked immunosorbent assay ELISA (IL- 6 , IL-12 , TNF-o and IL-10 ) according to the
manufacturing company ( Elabscience, USA) , while the remaining blood put in EDTA tube
for using in phagocytic activity (24 ) and skin test to evaluate DHS (25) .

Challeng test
After two weeks of post dose of immunization for each type of vaccines ten rats from each
group were challenge with i.p. of 1ml containing 100 LDsp of a live C.freundii suspension in
addition to 10 rats received challenge dose only and regard as control group , then the
relative degree of protection provide by vaccine was assessed by calculated the No. of
survival rats after 14 days of injection .
Ethical Approved
This study was approved by the ethical and research committee of College of Medicine
/University of Kufa / Minstery of High Education And scientific research.
Statistical analysis

The results are presented as means * standard error (S.E) and statistical analyzed using one-
way analysis of variance (ANOVA) test . Using Graphpad prism 5.04 . P < 0.05 was
considered significant.

RESULTS
1- Characterization of C.freundii

The results showed that 78 specimens (78% ) out of 100 stool and urine specimens gave
positive results for bacterial growth on MacConky agar medium . Among the positive grow,
and depending on characteristics of the microscopic , morphological , biochemical test
VK oSSl AR A ol 2R B FriSa LT Shi7Sj8/ M alsotates were
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from watery diarrhea and 3 (3.8%) isolates were associated with recurrent-UT#
remaining isolates 67 ( 75.65%) showed growth of C. koseri , Klebsiella spp, E.coli,
Pseudomonase spp , Proteus spp.

The results appear that C.frundii a gram -negative bacilli , colonies appear pink small
convex on MacConkey agar and yellow, smooth ,flat and round on XLD agar. Regarding to
biochemical tests , all the 11 isolates of C.frundii were lactose fermenting, motile and given
positive test for catalase , methyl-red, citrate, and negative results for Indole , oxidase ,
Voges-Proskuaer, also have ability to ferment glucose on kliglers iron agar gave (Acid/Acid).
The results demonstrate with 1D message confidence level excellent by VITEK-2 compact
system .

2- Determine of optimum bacterial isolate in EXP production

The results illustrated that C.freundii isolated from recurrent-UTI patient had greater
biofilm formation depending on their ability to give highest O.D (0.890) as well as exhibiting
highest mucoid appearance on agar media and this isolate has been chosen to complete
exopolysacharied extraction. The other 10 isolates give range of absorbance of biofilm
formation (0.554-0.812)

3-LD 50 for a live suspension of C. freundii

The results revealed that LD s of C. freundii  was ( 1x107 ) cfu/rat as showen in  Table
(1) and Fig (1) and the LDso of heat killed E.coli was 2.3x 10% , While the lethal dose that
killed half number of rats that injected with EXP was 390 mg/rat Table (2)

LDso = 1600- ( 6.050/ 5) = 390 mg/ml

Table (1) : LDs of live C.freundii

Con | N | D | sur Accumlated  number
of |o. |ie | viv of survived and dead Rat 523
bact |of |R |ed |D |S | D+S | D/D | %mortelit 5 20 Accumlated
eria | ra|at | Ra +S E K number of
t t g15 survived Rat
10° [5 |5 |0 [17 |0 |17 17/1 | 100 % 0
7 5 i A coumlated
10° |5 |4 |1 |12 |1 |13 | 1211 |923% E 3 umber of
3 E 0 ead Rat
102 |5 |4 |1 8 2 |10 8/10 | 80 % ,
100 |5 [3 (2 |4 [4 |8 4'8 [ 50 % i oy
106 |5 |1 |4 1 8 |9 1/9 | 11.1%
10° |5 |0 |5 0 |13]13 0 Number of bacteria

Fig (1) LD50 Value of Live C.freundii

Table(2): LDs for exopolysaccharides extracted from C.freundii

No of |Dose | Dose Die |

group differec Mean A*Db
(A) B

1 1600 - 5 - -

2 800 800 5 5 4000

3 400 400 3 4 1600

4 200 200 1 2 400

5 100 100 0 0.5 50

Immunological parameter
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a. Phagocytic activity

The phagocytic activity was increased significantly (P < 0.05) in the rats after treatment
with EXP , Killed antigen and whole bacteria in compare to control group , Also the results
explain that EXP — vaccine were significantly elevated the mean of phagocytosis ( 73 and
80 ) respectively in rats treated after first and post dose that revealed highest increase in
phagocytosis in compare with rats treated with HK E.coli and whole bacteria the results
recorded that mean of phagocytic activity for Killed bacteria was ( 56 and 60 ) respectively

after first and post doses in compare with control group (30 ) as showen in Fig(2)

phagocytosis

B whole bac.

M control

Fig (2): Phagocytic activity in rat treated with Exopolysacharied , HK-E.coli ,whole
C.freundii and control

DTH Reactions
The results illustrated that EXP and HK immunogen as well as bacterial suspension
increased the foot-bad thickness with mean (2.97, 3.335, 1.88) after 24 h in compare with
control group with mean (1.24 ) .The mean of post dose shown in Fig ( 3)

EXP

|
| HK
. i m whole bac.

W control
24h 48h

Fig (3): Delayed hypersensitivity in rat treated with Exo-polysacharied , HK-E.coli

,whole C.freundii and control
cytokine profile

The results appear that both antigens were elevated the level of proinflammatory biomarker
(TNF-a , IL-6 , IL-12 ) in compare with control group . Heat killed E.coli immunogen and
bacterial suspension showed highly increased in the production of TNF-a (219 , 198 )
and the EXP immunogen revealed moderate increased (168) in compare with  control
group that recorded (120). IL-6 were appeared highly elevated in HK E.coli and bacterial
suspension (190 ,178 ) ,but little elevation in EXP group (154 ) compared with control(
112) as showen in Table (3) . this increase were significant (P<0.05) .
During post dose as show in Table(3) the results illustrated that exopolysaccharide group
stimulate the release proinflamatory biomarker with high significant production (P<0.05) but
lower than HK and bacterial suspension.
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Table (3): TNF- o ,IL-6 and IL-12 serum level in rat treated wit
polysacharied ,

HK-E.coli ,whole C.freundii and control

TNF- a IL-6 IL-12

D1 168 + 32 154 + 25 17 +£1.02
EXP D2 200 + 43 198 + 36 24 £5.22

D1 219+ 26 190 + 18 22 +4.87
Heat Killed | D2 259 + 47 47 6 +
bacteria 230+ 20 3.66

D1 198 + 42 195 +
Bacterial 178 + 11 7.21
suspension D2 227 £ 36 204 £ 27 36 + 8.59
Control 120 £ 30 112 £ 35 14+ 2.8
L.S.D

The results showed high significance increased (p<0.05) in IL-10 concentration in post
dose of EXP (33.83) and moderate elevation in HK E.coli and C.freundii suspension ( 21,98,
23.26) respectively as compared with control group 12.76 as showed in Fig(4)

40

30
20 I W 1st dose
10 post d.
0 1
HK E.coli whole control
c.freundii

Fig(4) : IL-10 serum level in rat treated with Exo-polysacharied , HK-E.coli ,whole
C.freundii and control

Challenge test
The results explored that EXP vaccine provide 90% protection , HK provide 60% while
control group lossed all animals tested as show in table (4)

Table(4): Challenge test in the immunized (EXP , HKE.coli ) and control groups

groups No. of rats | No.of survival rats  Perce. Of survival rats
EXP 10 9 90 %
HKE.coli 10 6 60 %
control 10 0 0%
DISCUSSION

This study revealed that C. freundii was most comman infectional agents recovered from
diahrrea specimens . In the same line,( 3) founded that C. freundii is the most common
pathogen in frequency 6.6% in diarreatic patients, 2% of UTI patient. (26) observed that
C. freundii cause a variety of infections like UTIs, diarrhea and wound infections and
revealed that C. freundii was resistant to multiple classes of antibiotics .

C. freundii that isolated from patient suffering from recurrent ~UTI which exhibited
greater biofilm formation and mucoidal morphology selected to extract EXP this result ag
with (27) they noticed a correlation between production of exopolysacharide and bj
density thakleadtip: 4/thinneuakdfEeader.igifjtilmal ad«2phn)/agbgied érat selected
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bacteria based on development of mucoid morphology because it was one of the fund
screening for isolation EXP producing bacteria . Similarly , (12) they chosen mucoid strain of
P.aeruginosa to prepared mucoid exopolysaccharide- alginate conjugate vaccine .

The result of LDso nearly consistence with ( 29) they observed that Median lethal dose of
C.freundii suspension that killed half of animal group was 2.04 x10’ . While , (3) founded
that 50% lethel dose for C.freundii suspension was 3.16 x10°.

C.freundii isolated from different clinical source produce different LDso value for example
LDso from feces of patient in USA was 1.5x107 , while 9x10” from skin ulcer in spain
patient (30)

The results of LDso for HK E.coli was nearly acoording to (31) who found that LDso HK
E.coli was 0.83x10% and (19) they found that HK E.coli was 1x10° .

Elisk and Allam (32) suggested that LDso for PS extracted from aeromonase hydrophila
was 100 mg / ml and used 10mg/ml to study the immunomodulatory activity of PS . The
difference in LD value in C.freundii isolates may related to source of bacterial isolation ,
virulence factors that posses

The current study confirmed a significant increased in phagocytic activity after treatment
with EXP which agree with (33) they observed that exopolysacharide that immunized white
mice show increased phagocytosis activity and increased digestion of S.aureus that injected
after immunizes with EXP. (12) illustrated that mucoid exopolysacharide increased the killing
activity by phagocytic cells and the post dose was highly increased opsophagocytosis than
first dose . (34) explain that mucoid exopolysaccharide increased the killing activity in
compare with whole bacteria and killed bacteria ,also revealed that high dose and large
molecular weight of MEP elicited opsonic killing antibody . The result agree with (4) who
illustrated that cell free culture from citrobacter was increased the phagocytosis activity more
than citrobacter suspension and both of them were high significant compare with control
group . Similarly , (365) they observed that OMP , LPS and Killed antigens that extracted
from C. freundii showed highly increased in phagocytic activity and increased the DHS in
compare to control and mention that both antigen increased the phagocytic activity more than
killed bacteria .

The results of DHS reaction agree with local study done by (36) who suggested increased

the thickness of foot-bad that stimulated with EPS extract in compare with foot-bad
stimulated with normal saline . in line with this results (4) founded that antigens that extracted
from C.freundii stimulated the DHS more than control group . (37) they explain that DHS
enhancement cellular immunity which characteristic by swelling , redness that occur as a
result of infiltration of macrophage , neutrophil and lymphocyte at site of inflammation that
recognize antigen and secrete IL-1 that enhanced proliferation and differentiation of other T-
cell into Th-cells which secrete IL-2 as a chemoatrractent factor to attract macrophage around
the area of activated T-cell and also secrete INF-y that enhancing the cytolytic activity of
accumulated macrophages leading to skin thickness .
Cytokine profile revealed immunomodulatory activity of EXP through maintenance the
cytokines levels .This results agree with study done by (38) they observed that
exopolysacharide extracted from Bifidobacteria have immunomodulatory effect by slightly
elevated the levels of biomarkers whereas the bacterial suspension and heat Killed antigen
highly increased these cytokine and suggested that exopolysaccharide prevent commensal
bacteria from evoking a strong adaptive immune response withen local host. Also, (36)
illustrated that EPS extracted from pantoea spp a member of Enterobactereace was elevated
the concentration of proinflammatory cytokine .

(39) mention that exopolysacharied play an immune-modulatory role by effect on cytokine
responses on macrophage and dendritics cells isolated from tissue culture and bone marrow-
derived cells . Similarly (40) revealed that exopolysaccharide was decisive in influencing
immune response to proinflammatory cytokine especially ( IL-6 , TNF- o)) and confirme
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secretion from human dendritic cells, whereas an isogenic exopolysaccharide-negative
derivative (EPSneg) induced vastly more cytokines and emphasis that this immunogen is
required to prevent a potent tissue damaging as a result from proinflammatory cytokine
response to a commensal bacterium .

The current study observed that HK and whole bacteria induce higher cytokine production
.In same line (41) demonstrated that EPS effectively induces the production of macrophage
cytokines, especially TNF-a, IL-6 and IL-12 and this stimulatory activity was significantly
lower than that of intact bacterial cells and lower than that of LPS that lead to elicited produce
pronflammatory cytokines subsequently these cytokines develop fever, redness and other
symptoms assocciated with systemic inflammatory response syndrome and tissue damage .
The compounds of biofilm extracellular polysaccharide stimulated the mouse peritoneal
leukocytes to increased the production of cytokines (TNF-a , IL- 6, IL-10, MCP-1 and MIP-
1), and explain that biofilm components possessing the immunomodulatory properties and
prevent biofilm infection (42) .

This study in accordance with study done by (31 ) they revealed that HK E.coli antigen
increased the IL-12 level in rats serum treated with this antigen and founded that second
dose recorded highly increased in IL-12 production . In same line( 43) illustrated that gram
negative bacteria such as E.coli , serracia merrsense , Salmonella induced significantly
higher levels of proinflammatory cytokines production of IL-12 , TNF- a and INF- which
associated with cell mediated immunity response and suggested  that increased
proinflammatory as a results of cell wall components of these bacteria .

In this study the results appear that lower IL-10 production in rats treated with
exopolysacharide in apposite to rats treated with HK and bacterial suspension which recorded
highly significant in 1L-10 production .In this regard Kozakova (44) explain that PS extracted
from L.casei induce the production of IL-10 and IL-12 , but emphasis that whole bacteria in
compare with their bacterial compounds are highly stimulate immune markers . Gorska et al
(45) demonstrated that exopolysacharide antigen slightly increased the IL-10 levels in
compare with formaldehyde —inactivated E.coli and whole bacteria.

Several studies confirmed the distinguished role of exopolysaccharide as
immunomodulater therapy in different disease like , (46) they observed that cystic fibrosis
patients who naturally acquired mucoid exopolysaccharide specific opsonic antibodies have
been associated with resistance to infection. Asker(47) they suggest that polysaccharide
isolated from Bacillus sp. may be a good natural source for Alzheimer disease therapy and
reduced all oxidative stress parameters in brain tissue , also observed no toxicity was
observed for MEP in sub-chronic toxicity study for 90 days in all rats organs .Simillrly , (48)
explain that exopolysaccharides produced by E. cloacae showed a significant
anti-inflammatory and anti-diabetic effects, through the effects of EXP on the alleviation of
fat in inflammation high-fat-diet (HFD) induced-diabetic mice to . Finally , The study
revealed that the vaccination with EXP vaccines protected rat in frequent 90% against
challenge with 100 LD50 C.freundii suspension while HK E.coli provide 60% protection and
all naive rat were died after challenge .

CONCLUSIONS
EXP-immunogen can stimulate immune response against pathogen infection by stimulate
cellular immunity ( phagocytosis and DHS) and humeral immunity ( cytokine profile ) . Also
can be used to avoid immune — mediated destruction from microbial infection that causes
highly released proinflammatory biomarker as well as provide highly protection against
challenge dose . So this compound evoke moderate production in proinflammatory

biomarker.In other hand the administration of molecules consider safer than whole bacteg
or their toxins that may cause sepsis or bacteremia and cheaper than other type of vaccin
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DNA , recompenent vaccine . addition study were required to evaluate the EXP imm
in prevent several type of infections .
Abbreviation . EPS .extracellular polymear substance , EXP.exopolysaccharied

REFERENCES

1-Sami,H.; Sultan,A.; Rizvi,M.; Khan,F.; Ahmed,Sh.; and Khan,H.( 2017) : Citrobacter as a
uropathogen , its prevelance and antibiotics susceptibility pattern. J. of Health and Research
4(1) :23-26 .
2- Lavigne, J.; Defez, C.; Bouziges , N.; Mahamat , A.; Sotto ,A. (2007) : Clinical and
molecular epidemiology of multidrug-resistant Citrobacter spp. Infections in a French
university hospital. Eur. J. of clinical microbiology e infectious diseases. 26: 439-441.

3- Jawad, TH. A. (2010) : Histological effects of Citrobacter freundii in mice . J.of
Kerbala univ. 8(4):103- 1109.
4- AL-Thahab, A. (2015) : Immunological effects of Citrobacter freundii cell free culture in
rabbit. J. of Babylon University/Pure and Appl. Sci.23(2) :605-9.
5- Nada, T.;Baba, H.; Kawamura, K.; Ohkura, T.; Torii ,K.and Ohta, M.A. ( 2004): small
outbreak of third generation cephem-resistant Citrobacter freundii infection on a surgical
ward. JPN. J. of Infectious Diseases. 57: 181-2.
6- Shih, C. ; Chen, C. K.; Chang, K. ;Luh, T. and Hsieh W. C. (1996): Bacteremia due to
Citrobacter species: significance of primary intra-abdominal infection. Clinical Infectious
Diseases. 23(3) : 543-549.
7- Shahid, M.(2010 ) : Citrobacter spp. Simultaneously harboring bla- CTX-M, blaTEM,
blaSHV, bla-ampC, and insertion sequences 1S26 and orf513: an evolutionary phenomenon of
recent concern for antibiotic resistance. J of Clin. Microbi. 48( 5) : 1833-1838 .
8- Levine, M. M. and Sztein,M. B.( 2004) : Vaccine development strategies for improving
immunization: the role of modern immunology. Nat. Immunol. 5: 460-464.
9- Rondini,S.; Micoli,F.; Lanzilao,L.; Hale,C. and Martin, B.(2011) : Evaluation of the
Immunogenicity and Biological Activity of the C.freundii Vi-CRM197 for Salmonella
enterica Serovar Typhi Conjugate as a Vaccine. Clinic. And Vacci. Immunol.,18 (3) :460-68.
10-Cornaglia, E.M.; Fernadez, F.M.; Gottschalk ,M. (1992) : Monoclonal Anti-ldiotype
Induces Antibodies Against Bovine Q17 Rotavirus Vet. Mi-crobiol., 66(, 191-202.

11- Yano, T.; Leite, D.S.; Pestana-Decastro ,A.F. (1995): Determination of the efficiency of
K99-F41 fimbrial antigen vaccine in newborn calves. Braz. J. Med. Biol. Res., 28, 651-654.

12- Theilacker,Ch.; Coleman,F.; Mueschenborn, S.; Llosa,N.; Grout, M. and Pier,G.(2003):
Construction and characterization of a Pseudomonas aeruginosa mucoid exopolysaccharide-
alginate conjugate vaccine. Infection and immunity. 71(7):3857-85.

13- Bales, P.; Renke, E.; May, P.; Shen , Y.; Nelson,D.(2013): Purification and
Characterization of Biofilm-Associated EPS Exopolysaccharides from ESKAPE Organisms
and Other Pathogens. PLoS ONE 8(6): e 67950.

14-Sutherland, 1. W. (2001) : Biofilm exopolysaccharides: a strong and sticky framework.
Microbiology 147(1): 3-9.

15- Xu, C.L.; Wang, Y.Z.; Jin, M.L.; Yang ,X.Q. (2009) : Preparation, characterization and
immunomodulatory activity of selenium-enriched exopolysaccharide produced by bacterium
Enterobacter cloacae Z0206. Bioresour Technol 100:2095-2097.

16- MacFaddin ,J.E.(2000): Individual Biochemical Tests For Identification of Medical
Bacteria. 3th ed. Lippincott Williams Wilkins, London: 57-424.

17- Maldonado ,N.C.; De Ruiz, C.S.; Cecilia, M.and Nader-Macias, M.(2007): A simple
technique to detect Klebsiella biofilm —forming —strains. Inhibitory potential of Lactobacill
fermentum CRL 1058 whole cells and products. Communicating Current Rea. And

Topics angrTeRde Ty ARRUSE MIFDRIAIOY ournals/index.php/ajb/index

http://iasj.net/iasj?func=issues&jld=129&uilLanguage=en
Email: biomgzn.sci@uokufa.edu.iq




Al-Kufa University Journal for Biology / VOL.9/NO.2 / Year: 2017

Print ISSN: 2073-8854 & Online ISSN: 2311-6544
18- Dubois, M. ; Gilles,K.A.; Hamilton, J.K.; Rebers,P.N.; F Smith,P.(1056): Colori
method for determination of sugars and related substance. Analytical chemistry. 288:350-6.

19- Yousif, A.A.; AL-Taai ,N.A. and Mahmood ,N.M.(2013): Humeral and cellular immune
response induced by E. Coli [0157:H7 and O157:H7:K99]vaccine in mice . I. J. of Immun.
Res. 3( 1): 17-20.

20- Xianguo , H. and Ursula, M.( 1994): Antifungal compound from Solanum nigrescens . J
Ethanopharm,43:173-177.

21- Quinn ,P.J.; Carter, M.E.; Markey ,B. and Carter ,G.R. (2004) :Clinical Veterinary
Microbiology, 6th ed., Mosby-Wolfe, London.

22- Reed L.J., H Muench, A simple method of estimation fifty percent end points, American
journal of hygiene, 1938; 27: 493-498.

23-Alui,Y.and Nwuude,N.(1982) : Determination of the median lethal dose (LD50)in
:Velerenary pharmacology and toxicology experiments .Baraka press zaria .104-122.

24- Sood,R.(1985) : Hematology for student and practitioner Japed prothers,India, pp 243-
320.

25-Hundson, L. and Hay, F. (1980): Practical Immunology, 3rd ed. Black -Well Scientific
Publications, Oxford, London.

26-Liu, L.; Lan, R.; Liu, L.; Wang, Y.; Zhang, Y. ; Wang, W.and Xu,J.(2017):
Antimicrobial resistance and cytotoxicity of Citrobacter spp. In Maanshan Anhui Province,
China. Frontiers in Microbiology.8:1357.

27- Tsunda, S., Aikawa, H. ; Hayashi, H. ; Yuasa A. and Hirata. A. ( 2003): Extracellular
polymeric substances responsible for bacterial adhesion onto solid surface. FEMS
Microbiol. Lett. 223: 287-292.

28- Parthiban, K. ; Vignesh , V. and Thirumurugan, R.( 2014) : Isolation and
Characterization of exopolysaccharide producing bacteria from pak bay (mandapam). Int. J.
Oceanography Marine Ecological Syst., 3: 1-8.

29-Al-Jamell, D,Sh.; AL-Thahab, A.A. and Al-Jubori,S.A. ( 2016): Determination the
pathogenicity of C.freundii by using three types of antigens in Najaf city.advances in life
Science and Technology .47 :12-18.

30- Toranzo,A.E.;Cutrin,J.M.; Roberson ,B.S.;Nunez,J.M.and Hetrick,F.M. and Baya,A.M.(
1994) : Comparison of the Taxonomy, Serology, Drug Resistance Transfer, and Virulence of
Citrobacter freundii Strains from Mammals and Poikilothermic Hosts. Applied and Enviro.
micr. 60(6) : 1789-1797

31- Al-Ramahi ,A.A.(2016) : Immunological and antibacterial activity study of Trigonella
and Linum extract on some pathogenic bacteria .M.SC. Thesis .University of kufa .

32- Elsilk, S.E. and A | lam,N.G. (2010): Immunological and physiological
characterization of  exopolysaccharide and lipopolysaccharide of aeromonas hydrophila.
Egypt. J. Exp. Biol. (Bot.), 6(2) : 107 — 114
33- Gorelnikova,E.A. and Karpunina,L.V. (2015) : Effect of Lactobacilli exopolysaccharides
on phagocyte and cytokine activity in vitro and animal organism during infectious process
modeling . Zh Mikrobiol Epidemiol Immunobiol. 5 :44-50 .

34- Garner, C. V.; Deslardins, D. and Pier G. B. ( 1990): Immunogenic properties of
Pseudomonas aeruginosa mucoid exopolysaccharide. Infect. Immun. 58: 1835-1842.
35- Mohammed,N.K . and Lattef, A.A.(2013) : the effect of cellular immunity for some
C.freundii antigens. J. of Babylon University/Pure and Appl. Sci. 21 (1):86-93.
36- Abdulhassan,L.S and Darweesh,M.F.(2016) : The efficiency of extracellular polymeric
substance extracted from Pantoea agglomerans in activation immune response . World J.
Pharma. Res.5(9):.187-206

URL: http://www.uokufa.edu.ig/journals/index.php/fajb/index

http://iasj.net/iasj?func=issues&jld=129&uilLanguage=en
Email: biomgzn.sci@uokufa.edu.iq



https://www.ncbi.nlm.nih.gov/pubmed/26829853

Al-Kufa University Journal for Biology / VOL.9/ NO.2 / Year: 2017
Print ISSN: 2073-8854 & Online ISSN: 2311-6544
37- Kshash ,Q.H.; Habasha, F.G. and Al-Rammahi A.K. (2009) Iraqi Journal of Vet
Sciences, 23(11), 223-230.
38- Fanning, S.; Hall, L.; Cronin ,M.;Zomer, A.; MacSharry ,J.;Goulding, D.; Motherway.;
Nally, K.; Dougan, G.; van Sinderen, D. (2012) : Bifidobacterial surface-exopolysaccharide
facilitates host commensal interaction through immune modulation and pathogen protection.
Proc Natl Acad Sci U S A 109:2108-2113.
39- Wu ,M.H.;et al. (2010) Exopolysaccharide activities from probiotic Bifidobacterium:
Immunomodulatory effects (on J774A.1 macrophages) and antimicrobial properties.
40- Schiavi,E.; Gleinser,M .; Molloy,M.; Groeger,D.; Frei,R.; Ziegler,R.; Moriarty ,F.;
Plattner,M. and Healy,S.(2016): The Surface-Associated Exopolysaccharide of
Bifidobacterium longum 35624 Plays an Essential Role in Dampening Host Proinflammatory
Responses and Repressing Local TH17 Responses. Appl. and Envi Micro ; 82 (24 ):7185-93
41-Ciszek-Lenda ,M. (2011): Biological functions of exopolysaccharides from probiotic
bacteria. Centr. Eur. J. Immunol. 36, 51-55.
43- Fidan,l.; Klkanci,A.; Yeslyurt,E,;Kustimur,S and Imir,T.(2010): Yhe effect of
microorganisms on cytokine secretion  from bone marrow dendritic cells.Turki J.
Med.Sci.;40(4):557-63.

44-Kozakova, H.; Schwarzer ,M.; Tuckova ,L.; Srutkova ,D.; Czarnowska, E.

Hermanova P, Zakostelska Z.( 2015): Colonization of germ-free mice with a mixture of three
lactobacillus strains enhances the integrity of gut mucosa and ameliorates allergic
sensitization.

Cell Mol Immunol. doi:10.1038/cmi.2015.09.

45-Gorska ,S.;Grycko, P.; Rybka, J. and Gamian A.( 2007) : Exopolysaccharides of lactic
acid bacteria: Structure and biosynthesis. Postepy Hig Med Dosw. 61: 805-818.

46- Pier, G.; Saunders, J.; Ames,P.; Edwards, M.; Auerbach,H.; Goldfarb, D. and Hurwitch,
S.(1987) : Opsonophagocytic killing antibody to Pseudomonas aeruginosa mucoid
exopolysaccharide in older non-colonized patients with cystic fibrosis. N. Engl. J. Med.
317:793-798.

47-Asker,M .;lbrahim,A.; Mahmoud,M.; and Mohamed ,S.(Production and Characterization
of Exopolysaccharide from Novel Bacillus sp. M3 and Evaluation on Development Sub-
Chronic Aluminum Toxicity Induced Alzheimer’s Disease in Male Rats. Amer.J. of Biochem.
and Biotechn. ; 11 (2): 92-103.

48-Zhou,X.; Wang,F.; Yang,H.; Chen,J.; Yuan,Y.; and Wang,Y.(2014): Selenium-enriched
exopolysaccharides produced by Enterobacter cloacae Z0206 alleviate adipose inflammation
in diabetic KKAy mice through the AMPK/SirT1 pathway. Molecular med.repo. 9: 683-688

URL: http://www.uokufa.edu.ig/journals/index.php/fajb/index
http://iasj.net/iasj?func=issues&jld=129&uilLanguage=en
Email: biomgzn.sci@uokufa.edu.iq



